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EDITORIAL NOTE

The majority of the papers presented in this proceeding were transcribed
from audio tapes recorded during the conference. An attempt has been
made to retain the sense of a conversational tone. In this type of presen-
tation there tends to be a duplication in text and illustrations. To correct for
this feature, the editors deleted some illustrations that were better dis-
cussed in the text. Conversely, certain textual changes were made in these
instances where the use of the illustration itself was more appropriate.

Artwork used in this proceeding is the best available. In several instances,
the original photographs or slides were not available or were of such a
quality that they could not be used. In these cases the text was edited to
compensate.

NOTICE

This document is disseminated under the sponsorship of the Department
of Transportation in the interest of information exchange. The United
States Government assumes no liability for its contents or use thereof.

NOTICE

The United States Government does nc i en iorse products or manufacturers.
Trade or manufacturers’ names appear '  :in solely because they are con-
sidered essential to the object of this report.
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Introductory Remarks

THoMas E. McSwEeENY, Conference Chairman

Deputy Director, Aircraft Certification Service, FAA

I want to welcome you all to the 2nd An-
nual International Conference on Aging Air-
planes. Many of youI'msure wereat last year’s
conference. It was intended to be a general in-
formation meeting where all in attendance could
share their experiences and give their views on
the aging airplane issue and also what they
thought were some of the solutions at the time.

We had many views, some consensus on
the part of those present, and we summarized
all the materialin the proceedings which we’'ve
madeavailable through the National Technical
Information Service in Springfield, Virginia, if
anybody wants to obtain a copy.

Last year at this time the FAA and industry
were trying to scope the problem, identify
some short- and long-term solutions, and get

on with the business of ensuring a safe trans-
portation system as the fleet ages.

Much has been done since the last confer-
ence. In this conference we’ll summarize the
work accomplished or the work underway.
Over the last year the FAA and industry have
seen many examples of aging airplanes, air-
planes that were not properly maintained, and
improper repairs that have compromised the
structural integrity of the airplane’s structure.

Weall need to look at the operations within
our countries and within our airlines to ensure
we do not have any problems in our fleets like
those shown.

With that short introduction, I would like
to now introduce Mr. Del Balzo. He is the
FAA’s Executive Director for System Develop-
ment.




Welcome to Attendees

JoserH M. DEL BarLzo

Executive Director for System Development, FAA

I will start by telling you that Administra-
tor Busey is unable to be with us this morning.
He has another commitment. He’s asked me to
extend his greetings to all of you, as well as his
regrets that he could not be here to attend this
very important conference.

I will also tell you that he believes that the
subject of aging aircraft is extremely important.
What I have heard him talk about so many
times is how importantit s for us to plan for the
long term. Thedevelopmentand applicationof
new technologies is one way. Getting more
mileage out of the existing fleet is another way
to achieve that goal. Improved maintenance
technology, better quality control and highly
trained inspectors are more keys to keeping
older aircraft aloft.

I'couldn’t help but be struck by the pictures
that Tom showed in the beginning. Not too
long ago we would not have had the courage to
come together to talk about an aging aircraft
problem. We certainly wouldn’t have had the
courage to do it out in the open.

Certainly the world has changed. We came
together last year for our first conference, and
as Tom McSweeny said, it was more to ex-

change views, exchange information and to
form a program to solve a problem. We didn’t
do it to point fingers, and we continue that
approachtoday. The world has really changed.

[ don’t know your views, but most of you,
Isuspect, were at last year’s conference. I think
it was a success. I think a ot of good things
happened as a result of that conference. An
industry task force was initiated in August of
1988. An FAA program review research initia-
tion was conducted in October, 1988 and the
Aviation Safety Research Act was passed in
November. An Industry Research and Devel-
opment Task Force unit was formed in March
of 1989 and an FAA Aging Aircraft Research
Program Plan was completed in May of this
year. In a lot of areas, research has already
begun.

We come to this second annual conference
with a different agenda. We come with several
objectives. The first is to review the agency’s
role in maintaining the high level of aviation
safety, especially in regard to aging transport
aircraft, those aircraft operating beyond the
original economic design life approved by the
FAA.
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A second objective is to discuss the prog-
ress that we in the industry have made in
resolving the problems associated with these
older aircraft that were first discussed at last
year’s conference.

Finally, we are here to listen to what the
international aviation community thinks, and
has done, about older aircraft since last year’s
conference, and to hear its opinions about FAA’s
national aging aircraft program. What are we
doing right? What have we done wrong? What
should we be doing more of? What changes
should we make?

Ithink it goes without saying—and Ispeak
for FAA Administrator Busey,and Secretary of
Transportation Skinner as well — that we are
here this week to listen. What we did last year
was good and we’'lldo itagain this year. We not
only welcomeall the inputs we will receive this
week; we consider them the most important
benefit that we will get from this conference, a
series that will and must continue.

[amreminded of what the manager, in the
baseball movie ‘“Bull Durham,” said after he
lost the game. “Sometimes you win, some-
times you lose, sometimes you get rained out.”
If I were to add another comment, it would be,
““Butinnocasedo youever give up the quest.”
That’s why weare here. We will not give up the
quest to solve the problem of aging aircraft,
until it is truly solved.

The history of air transportation in the United
States during the last decade is a good news/
bad news story. The good news is that the
demand and traffic has grown at an unparal-
leled rate; and to meet the demands, the air-
lines have used their transport fleets beyond
the aircraft’s original economic design life.

The bad news is that we are seeing prob-
lems not encountered before. These are the
problems ofaging: stress, corrosion, high-cycle
failure, low-cycle fatigue, and their effects
individually and together on the safe opera-
tions of transport aircraft.

Another major contributor to the good news/
bad news story is technology itself. Over the
past decade, technology has provided the avia-
tion industry with a host of advanced materi-
als, manufacturing methods, and designs that
save weight, reduce fuel consumption, increase

capacity, raise speed, and reduce crew work-
load. That’s the good news.

The bad news is that the advances have
brought-with them a large number of question
marks, and a large number of challenges that
we must face together as an industry. There’s
no question that technology has provided the
aviation industry with the benefits that have
enabled air transportation to become strong
and viableand, yes, asafeindustry worldwide.

But it is also the FAA’s job to mandate that
we use the many benefits offered by our fast
moving technology to ensure that the safety
and viability of the aviation industry continue.

To meet these challenges, the FAA has es-
tablished a very aggressive national aging air-
craft research program. We developed and
published a multiyear program plan that in-
cludes R&D projects and operational tasks. In
developing the plan, we listened to you, the
aviation industry. We listened to you espe-
cially carefully at last year’s aging aircraft
conference, and we liked a lot of what we
heard. Those suggestions that still sounded
good after scrutiny by experts we freely incor-
porated into the plan.

It was a good plan when we issued it. I
think it's a good plan now. But the world
changes and the plan will change, based on the
discussions that take place this week.

The short-term objectives of our national
aircraft aging program focus on the identifica-
tion, definition, and resolution of immediate
problems. These are near-term issues associ-
ated with in-service aircraft. Meanwhile, the
research side of the agency has started formu-
lating the multiyear R&D program.

The longer term objectives of the plan con-
centrate on those issues and potential prob-
lems that apply to new and future aircraft. We
expect your inputs at this year’s conference, as
at last year’s, to lead to changes in both the
short- and long-term objectives of our plan.

The question now is, how are we doing?
And that’s what we hope to hear this week. |
believe that we have made significant progress
during the past 12 months. You will hear in
more detail about our progress on both the op-
erationaland research fronts during the confer-
ence.
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Following Tony Broderick’s overview, Le-
roy Keith, Manager of the Aircraft Certification
Division of FAA’s Northwest Mountain Re-
gion, will present us with a status report on
transport certification.

Barry Clements, who is the Manager of the
Small Airplane Directorate from the Central
Region, will give you a status report on com-
muter aircraft certification.

Ray Ramakis, who is Manager in the Air-
craft Maintenance Division at FAA Headquar-
ters, willupdate us on the progress made in the
maintenance area.

Dick Johnson, who is the Aging Aircraft
Program Manager at the FAA Technical Cen-
ter, will fcllow with a report on the agency’s
R&D efforts, focused on older transport air-
craft.

Your challenge for this week, for all of you,
for all of us, is to focus on what we should be
doing together to improve the safety of aging
airplanes. We look forward to the closeout dis-
cussions on Thursday afternoon.

As I close, it is with great pleasure that I
introduce the Congressman from the Eighth

District of Minnesota, the Honorable James L.
Oberstar. Jim Oberstar is somewhat of an enigma.
All my life I've wanted to call a Congressman
an enigma, and this moming I get that chance.

Heis the son of aminerand hebelieves that
public works projects have great potential as
job creators, but yet he’s not the typical House
Public Works Committee member who believes
inshoveling dirt firstand thinking about policy
implications later. In fact, in Congressman
Oberstar’s case, our observations say it is just
the opposite.

He has the instincts of a scholar and re-
former, and he’s legendary on Capitol Hill for
his insightful and in-depth questioning of wit-
nesses who appear before him.

As the taxpayer and traveler’s interest in
aviation has grown, Congressman Oberstar’s
chairmanship of the House Subcommittee on
Aviation has taken on greater importance and
significance. Heis a distinguished leader in the
field of aviation. We are fortunate to have him
with us today. Please welcome Congressman
Oberstar.

-




THE HONORABLE JAMES L. OBERSTAR

Chairman, House Subcommittee on Aviation
U. S. House of Representatives

Many years ago, Lyndon Johnson, long be-
fore he was President, was glowingly intro-
duced. As he got to the microphone, hesaid, “’1
wish my parents had been here to hear that
introduction. My father would have loved it,
and my mother would have believed it.”

Good morning. It was this past mid-Au-
gust,and, asIdoalmostevery year, [wasat the
Almerlund Threshing Festival in the Swedish
part of my district, farm country, dairy coun-
try. I was down there for the annual display of
farm equipment; pieces of machinery, some of
which have been running for well over 100
years, meticulously cared for by farmers and
shown off to their friends and neighbors. [ had
boned up for what I knew was going tobeaday
of grilling about dairy price supports, the coming
50-cent cut in the price support for dairy farm-
ers, regional marketing orders, the price sup-
port for com and prices on soybeans, the drought
and the new legislation that several of us from
dairy country had authored to help dairy
farmers.

So1was all prepared when [ walked down
to the grounds and this big, burly, overalled,

bespectacled, farmer approached me. And he
said, “Say, Jimmy, you know, you better keep
on those guys about those old aircraft. By God,
you better make them fix them because I don't
know if it’s safe to fly anymore.”

Also there was a visiting group of farmers
from Sweden on an exchange program. My
friends asked me to come into the bus and talk
to the farmers. And you know, the first ques-
tion from those Swedes was, “’Is it safe to fly?”’

And so it went for overan hour. Ididn’t get
a question about dairy price supports. Four
years earlier I went not to Almerlund, but to
Karl Lasterdase, which is in the same region
with all those Swedes, and I remember this
young fellow by the name of Ernie Lund com-
ing up. After we had a long discussion about
dairy price supports, he said, “Boy, I sure am
glad to hear you talking about dairy because all
we’'ve been seeing you on television is about
flying and airplanes. We thought you’d forgot
about us dairy farmers, wondering why you
spending so much time on aviation.”

Well, today they know why. Today they
care and today they’re worried. You and all of
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us are gathered here in the earnest purpose of
putting Ernie Lund’s mind at rest, his fears to
rest, and keeping aviation the safest mode of
travel for all humankind.

Overa year ago, when [ addressed the first
aging aircraft conference, I expressed hope it
wouldn’t be the last. And I congratulate Secre-
tary Skinner and Administrator Busey, at the
helm of FAA, for strong support of this proc-
ess, but I particularly want to congratulate
Tony Broderick who has made it a cause; Tom
McSweeny who has carried the heavy liftingon
this whole process; and for all the dedicated
professionals at FAA and those in the industry
who have really bent every effort, every idea,
every energy to the multifaceted issues sur-
rounding aging aircraft, continuing what was
so brilliantly begun a year ago, courageously I
must say, by Alan McArtor, who did so in the
purpose that this effort would persist. It has, it
willand, as Joe Del Balzo just said, it must. And
it must bring about change, change th: is
dramatic, ever renewing and ever self-critiqu-
ing. The graying of America’s civil aviation
fleet has changed forever not just the way
aircraft maintenance is conducted, but more
importantly, it has radically changed our think-
ing about maintenance, our philosophy if you
will, about the conduct of maintenance.

Asthenation’sair traffic continues to grow,
aircraft that were expected to be retired at the
end of their so-called economic design lives are
being kept in service, and will continue to be
keptinservice, long beyond that pointin order
to meet the increasing passenger demand.

Wehad 461 million boardings last year. We
expect that number to double in the next dec-
ade. Last year, 2,400 aircraft were more than 20
years old. By the year 2000, projections are that
that number will rise to 5,700. The aging air-
craft phenomenon is at our doorstep for keeps.

The dramatic Aloha Airlines tragedy of
April 28, 1988, not only shocked FAA and the
industry, but galvanized both groups into some
steps that are fairly radical for what historically
hasbeenarather slow-moving sector. My most
vivid memories of that first aging aircraft con-
ferenceare the electricity that was in the air, the
sense of anticipation, the unswerving determi-
nation to do something good and lasting under

the haunting reality that something terrible
had gone wrong inall of our thought processes
and our calculations about the way in which
aircraft are built, flown, and maintained.

And there was a determination to make a
real difference, and you have done so.

What concerned me then at the outset of
that conference was not that there wasn’t a
tracking system for aging aircraft; there was.
It’s not that the system wasn’t used; it was.
What concerned me was that all the right steps
were taken, but for Flight Attendant Clarabell
Lansing and for the injured and frightened
passengers aboard Aloha Flight 243, the sys-
tem failed. For Clarabell Lansing, the failure
was fatal.

We must keep that in mind because that
conference was a demarcation point, a land-
mark in aviation history. A fundamental shift
inmaintenance philosophy emerged as a prod-
uct of that conference, and we saw a shift from
the old approach of inspect and repair to a new
philosophy of terminate and replace at specific
intervals. And in this mode, airline mainte-
nance for high-time aircraft will no longer wait
forsmallcrackstodevelopintolarge problems.
Nolonger will corrosion, fatigue, and multisite
damage have to be discovered by an airline
inspector often working late at night and al-
wayssubject to thelimitations of the naked eye,
fatigue and other human factors.

The purpose of this conference, then, is to
assess how far collectively, civil aviation — the
manufacturers, the airlines, the FAA and its
counterparts in other countries — has come
with this new philosophy. How far have we
come in correcting the deficiencies and to vastly
improve the performance of high-cycled air-
craft, and most of all to reassure the traveling
public?

On balance, I can say after extensive hear-
ings on this sutject and very close involvement
with the process that I am pleased and [ am
impressed with the actions that industry and
government have taken and the decisive and
purposeful way in which all have acted in re-
sponse to this phenomenon.

I congratulate the Boeing and Douglas work-
ing groups on the thorough review they have
undertaken of thousands of service bulletins.
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Additionally, there have been other short-term
objectives. Many of them are underway and
they include thedevelopment of more effective
corrosion prevention and control programs, a
review of existing maintenance plans and an
assessment of supplemental structural inspec-
tion programs. All of those actions are neces-
sary to ensure fleet airworthiness.

But I believe we need to go further. Last
week, aviation industry representatives told
my subcommittee on aging aircraft that with
proper inspection and maintenance, aircraft
can be operated virtually indefinitely. Maybe
they’re right; but what if they are wrong?

As we proceed through the process, let’s
keep one sobering statistic in mind. The Na-
tional Transportation Safety Board data show
that from 1970 through 1985, metal fatigue or
corrosion, in some cases both, were involved in
77 out of 579 aviation incidents. Our goal should
be to reduce that figure to a number approach-
ing zero.

To reach that goal, all the recommenda-
tions of the Boeing and Douglas groups must
be rigorously implemented by the carriers,
domestic and foreign alike. That implementa-
tion must be vigorously inspected and en-
forced by the FAA and its foreign civil aviation
counterparts. There must be more hands-on
inspection of aircraft by the FAA and foreign
authorities. We cannot afford, as in the past, a
rather substantial reliance upon paperwork
review of maintenance operations.

Government and industry — I think this is
very important — must do a much better job of
collecting and analyzing trend data on aircraft
maintenance so we can know how to anticipate
emerging problems and how most effectively
to allocate our resources.

Industry and government both need a com-
pletely redesigned mindset about the longev-
ity ofaircraft. The manufacturer’'sassumptions
and projections about economic design life need
to be reexamined, especially in light of how
certain carriers accumulate flight cycles. For
example, Aloha accumulated flight cycles at
twice the rate for which Boeing designed the
737.

D check intervals need to be shortened as
aircraft accumulate higher numbers of cycles

between major maintenance undertakings. And
as aircraft increasingly are operated in a wider
range of climate conditions and are increas-
ingly operated at the upper end of their eco-
nomicdesign life, we have to change our mind-
set, and admit that we are operating at the
threshold of knowledge and experience about
the aging aircraft phenomenon, that we are in
uncharted territory.

I'have come to the conclusion that we need
toraiseared flag, oratleastacaution flag, atthe
high cycle point in an aircraft’s life span. And I
propose the establishment by the FAA of a
comprehensive, high-cycle, airworthiness audit
and review procedure for aging aircraft. I pro-
pose that the audit require aircraft operators to
justify the continued operation of the aircraftas
it approaches the high end of its design life.

A higher burden of proof of airworthiness
would be exacted of the operator at this stage
than for other previous maintenance actions.
Both the carrier and the FAA will have to meet
to review maintenance of the aircraft through-
out its history, with emphasis on the aging
process: terminating actions; corrosion preven-
tionand control procedures; metal fatigue; the
aircraft’s total operating environment, where it
customarily and ordinarily operates; and
damage tolerance. All the other stresses to
which aircraft are subjected would, in this
process, be rigorously and critically evaluated.

This review would be supplemented by a
hands-on inspection by the airworthiness au-
thority. And if at the end of that process the
airworthiness audit authority concludes that
the aircraft is fit to continue safe operation, an
appropriate notification can be issued and the
aircraft returned to service.

What I envision and propose is a holistic,
not a segmented, piecemeal process applied to
the continuing airworthiness and fitness op-
eration. [am advocating an approach in which
theaging aircraft is scrutinized as a system, not
as pieces of a whole, and not as a collection of
replaceable parts.

Only then can we genuinely assure the
flying public that the nation’s air transport
system is operating not at the margin, not at
only the safety we can afford, but at the highest
possible level of safety.

C ey L
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Civil aviation’s biggest safety problem is
what has become known as the human factor.
Making decisions about a series of mechanical
fixes and modifications to aircraft is much less
difficult than fully understanding why human
beings do not do what they are supposed to do
or why they fail to perform as we expect them
to perform.

There are a number of human performance
questions that we need to address and I hope
will be addressed in the course of this or other
conferences. What can be done about the fact
that rivet inspection is boring, tedious, mind-
bending work, susceptible to human error?
How do we ensure that the means established
to communicate with each other are in fact
effective, and that the right information is find-
ing its way to the right people at the right time?

How do we know whether training of in-
spectorsand mechanicsisall thatitneedstobe?
And how do we ensure that it will be?

All of these and other human factors are
tough ones, difficult to attack because we are
dealing with human beings who don’t perform
according to mathematical models. But the
FAA and theindustry have to attack them with
the same vigor that the task forces have ad-
dressed to the other technological problems of
aging aircraft.

Here there is no universe of documents to
review on performance history. We're dealing
with people. We can’t throw up our hands and
say they can’t be dealt with; they can be, and
they’ve got to be. We have to find answers to
the human dimension or we will not have done
our job completely or well enough.

The thinking here has to be just as bold and
radical as it has been in other areas. Just be-
cause we fixed the aircraft does not mean that
we have fixed the problem of aging aircraft,
and we won't have done so until we have dealt
with the human factors.

We have to remember that the aircraft, the
flight crew and the passengers who ride those
aircraft all operate in an inherently hostile and

unforgiving environment. We cannot relax our
vigilance.

As we proceed in this process and work to-
gether, Iwant to assure you that my colleagues
in the congress are concerned about this issue
and ready to do whatever is necessary and
devote whatever resources are required to
address it effectively. I assure you also that the
traveling public, while not yet white-knuckled,
is serious and concerned and has a lot at stake
riding on what you do, what you decide, and
whatactions you takeasaconsequence of these
confererices.

In conclusion, I am reminded so often, as I
deal with this issue of aviation, of Thornton
Wilder’s quest for truth and for answers to the
age-old problem of death. He wrote of the
bridgeatSan Louis Rey,and atragicaccidentin
which five people fell into a chasm when the
bridge collapsed over a century-and-a-half ago.

Brother Juniper, who happened upon a
community where an annual remembrance was
taking place, undertook to find the cause of
why those particular five people died at that
particular time. And he said, either we live by
accident and die by accident, or we live by plan
and die by plan.

Brother Juniper resolved to inquireinto the
secret lives of those five persons to surmise the
reason of their dying. At the conclusion of that
marvelous inquiry into human nature, he said,
“Some say that we shall never know, and that
to the gods we are like flies that boys kill on a
summer day. Some say, on the contrary, that
sparrows do not lose a feather that has not been
brushed away by the finger of God.”

Letusnot wait for philosophical interpreta-
tions, or prayer, or insight into lives lost, to
unlock the secrets of aging aircraft and what
best to do to prevent mysterious loss of life.

You are engaged in a great enterprise.
congratulate you. I wish you well in this en-
deavor and will follow very closely the pro-
ceedings of this conference.

Thank you for the privilege of being with
you this morning.
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Good morning, Mr. Chairman, ladies and
gentlemen. This morning I would like to touch
on some of the lessons we have learned so far
from our cooperative aging airplane efforts
over the last year. I would also like to discuss
actions that should be taken by airworthiness
authorities, manufacturers, and airlines around
the world.

Like most aviationissues, thisisnotone we
face or can deal with alone. The FAA has initi-
ated a program, as an integral part of our
overall aging airplane program, for its inspec-
tors and engineers to visit operators while
aging airplanes are undergoing major main-
tenance.

This renewed emphasis on hands-on work
has enabled the FAA to gain better firsthand
knowledge of the condition of the aging fleet in
the United States and the adequacy of opera-
tors” maintenance efforts.

At the same time, the manufacturers have
intensified their programs of looking at aging
aircraft under repair at airlines throughout the
world. We have learned a number of lessons.
Let me cite a few that strike us as significant.

There appears to be more awareness of the

need for better maintenance as airplanes age.
Those in attendance at this aging aircraft con-
ference a year ago heard many of the operators
state that the majority of in-service failures are
a result of corrosion, prevention of which is
basically a maintenance function.

Since that conference, there have been many
efforts on the part of the airlines to improve
maintenance as a whole, and corrosion control
and prevention specifically.

Multisitedamagedoes occur inservice. Itis
hard to find, and itdoes reduce theability of the
fuselage to tolerate in-service damage. We've
seen several instances of multisite damage on
transport airplanes. While it had not progressed
to the point of becoming an imminent safety
hazard some of that damage has been exten-
sive and has obviously reduced the ability of
the airplane structure to accommodate the level
of service damage which the original design
could withstand. Laboratory testing has also
confirmed the possibility of the occurrence of
multisite damage in typical airplane structures.

Corrosion is more widespread than thought.
Programs must be adopted early in the life of
anairplane to ensure continued safety, since as
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noted earlier, corrosion is the leading cause of
in-service failures.

Asthe FAA visits aging airplanes underin-
spection, we are vigilant for corrosion and we
see it on a regular basis and in many areas not
previously thought to be prone to corrosion.
The more cost-effective solution to the corro-
sion problem is to adopt early programs to
control it, rather than replace or repair the
material after it corrodes.

A good corrosion prevention and control
program must be one of the basic elements of
any maintenance program. It is essential that
corrosion control not just be a secondary func-
tion performed when the opportunity presents
itself. Corrosioncontrolshould bea program of
its own, staged to coincide with other mainte-
nance visits.

In areas of the airplane where structural
strength is important, where there is a high
probability of occurrence of cracking, and in-
spectionis difficult, it is essential that modifica-
tions or material replacementbeaccomplished
as airplanes age. This is an essential element of
the aging aircraft program. We can no longer
rely on extensive, routine, boring and monoto-
nous inspections in areas that are critical to
flight safety. A structure known to be prone to
the aging phenomenon must be replaced be-
fore it ages.

Theagingairplane problemis international
in scope and requires the cooperation of all air-
worthiness authorities and airlines in follow-
ing defined aging airplane programs including
mandatory airworthiness directives.

In countries that have adopted mandatory
aging airplane requirements, we expect that
more validation of service history and ade-
quate maintenance will be required before bring-
ing airplanes onto the register of that country
or into service on its airlines.

It is essential then, that airplanes moving
from country to country on leasing agreements,
be maintained in accordance with recognized
and accepted standards; that maintenance rec-
ords and records of major modifications or al-
terations be complete.

Future leasing agreements are likely to be
much more specific as to maintenance and
inspection requirements as lessors attempt to

protect their investments. Those requirements
will parallel very closely the programs recom-
mended by the manufacturers and, of course,
mandatory aging airplane requirements that
are issued by the cognizant airworthiness au-
thority.

Data have been obtained that show some
operators around the world are taking less
than adequate care of aging airplanes. The
presentation by Tom McSweeny graphically
described some examples. But don’t think that
itcan’t happen here. It could if wedon’tdo our
job; but it shall not, because not one of us in this
room can permit it to happen.

In looking at aging airplanes, we discov-
ered numerous cases of improper repairs that
reduced the structural integrity and damage
tolerance capabilities of the basic airplane de-
sign. In visits to U.S. carriers to evaluate aging
airplane maintenance, several cases were dis-
covered where the basic structural strength
and crack-stopping features of the design were
compromised by a repair.

More information needs to be provided by
the manufactuers regarding proper repair tech-
niques, and that guidance should be followed
by all airlines.

Itappears clear that the international coop-
eration already evident in some of the aging
airplane programs must be continued. Each of
us needs to draw on the lessons learned by
others. There must be a commitment, by those
in authority, to do several things:

e Wemust ensure that at the design stage, all
new airplanes adequately takeintoaccount
the aging airplane phenomenon.

e Wemust ensure that manufacturers of trans-
port airplanes prepare and revise supple-
mental structural inspection documents,
taking into account the lessons learned,
and to be learned, from present and future
aging airplane programs.

e We must ensure that all manufacturers of
transport airplanes prepare a corrosion
control program for use by the operators.
Mandatory action requiring adherence to
this program should be considered by the
cognizant airworthiness authority.

e We must work together to review and rewrite

10




Anthony J. Broderick

the operators’ maintenance and inspection
programs so they are more in tune with the
aging airplane needs. We intend to require
all operators to have an approved corro-
sion control program modeled after the one
recommended by the manufacturer. We
urge all other airworthiness authorities to
consider doing the same thing.

¢ Wemust continue the work initiated in this
past year to ensure that a process exists
where service problems, structural failures
and other significant events are reported to
the airplane and engine manufacturer and
made available for others to benefit from.
The current servicedifficulty report system
just does not fill that bill.

 Finally, we must continue to follow and co-
operate on worldwide aging airplane is-
sues in order to implement timely actions
and maintain the confidence of the travel-
ing public.

The FAA has committed its resources to
these challenges. We stand ready to share ag-
ing airplane experiences with anyone. The manu-
facturers in the United States, and I would

assume other countries as well, stand ready to
share their wealth of knowledge with air-
worthiness authorities and operators around
the world.

In the past year, the airlines have done
much to improve the programs they are using
to address these important safety issues. Their
efforts have been truly extraordinary.

This work of industry and governments, in
a cooperative and nonadversarial environment,
has been a hallmark. We at FAA are proud of
our part in the accomplishments of this joint
effort. We pledge a continued dedication to
that spirit of cooperation.

I am delighted to see a continuation of
international interest intheseimportantissues,
as evidenced by the strong attendance here at
this meeting. I am particularly pleased to see
that we have sustained momentum on a broad
frontand thattheconference will coverinsome
detail the areas of structure, loads, corrosion
and human factors.

All of us have an exciting opportunity to
make a difference by applying our individual
expertise to a variety of challenging technical
problems.

11
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Leroy A. KertH

Manager, Transport Airplane Directorate
FAA Northwest Mountain Region

Good morning, ladies and gentlemen. It's
certainly my pleasure and honor to address
such a distinguished group and to share with
you the status of all of the efforts that we have
had underway in the Transport Directorate in
thelast 16 or 18 months, and to talkabout some
of the plans that we have underway.

Before getting into the program, I would
like to just putin a little plug for our organiza-
tion, the Transport Airplane Directorate. Lo-
cated in Seattle, I have a staff that handles all of
the rulemaking activity concerning design rules
for transport airplanes.

There is also an office in Seattle that deals
primarily with Boeing airplanes. I have an
office in Long Beach that deals with Douglas
and Lockheed airplanes, among a lot of other
things. That’s where the transport activities are
located.

The staff in Seattle also deals with all of the
imported transport airplanes that operate with
FAA typecertificates. We'reresponsible for the

continued operational safety of all transport
airplanes that havean FAA type certificate. We
are responsible for the rulemaking for Part 25,
and for the certification of new or modified
aircraft.

As Congressman Oberstar and Tony Brod-
erick said, the tragic Aloha accident certainly
did refocus our attention on the aging airplane
issue. What I want to cover today are basically
three things: what we did in the Transport
Directorate immediately following Aloha; sec-
ond, the accomplishments achieved in the last
18 months; and then finally, our plans for the
future.

Within hours after the Aloha accident, we
issued a precautionary telegraphic airworthiness
directive that limited the cabin pressure differ-
ential on those airplanes to a lower level, while
everybody went to work trying to understand
the mechanics of that accident.

Within a few days, we had issued another
immediately-adopted airworthiness directive
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thatdid in fact require some inspections of spe-
cific lap splices on the 737. In the meantime, in
the Transport Directorate, we sent people to
Hawaii tosupport the NTSBinvestigation efforts.

Those who stayed behind started asking
some fundamental questions about aging air-
craftand what assumptions we had made, and
what philosophies we had used in certificating
airplanes in the past. We started to rethink our
philosophy and assumptions concerning the
design, the inspection, and the maintenance of
airplanes in general, and especially as they
start to approach their economic design goal
and beyond.

We had been asking those kinds of ques-
tions for at least 20 years. I know that the
industry has long grappled with the aging
aircraft question, but the degree of damage to
that Aloha airplane certainly caused us to re-
think the issue. It was shocking to see that
much damage, and it was totally unexpected.

One of the first questions we asked our-
selves in Seattle was “Should we pick a time
when we start parking these airplanes?” We
also started looking at specific things on other
transport airplanes besides the 737, to see if
there were service bulletins that we needed to
make mandatory.

All of these efforts were within weeks after
the Aloha accident, and they were pretty much
unilateral by the Transport Directorate.

Our most immediate concern, as was eve-
rybody else’s, was the safety of the air carrier
fleet.

We certainly weren’t alone in asking those
kinds of questions, but those questions and
concerns did prepare us for the aging aircraft
conference that was held June 1-3 of 1988.1 had
10 people from our Directorate attend that June
1988 conference. We were on various steering
committees and panels, and in the audience,
and I think there was a very good dialogue.

With that kind of a background, I'd like to
talk about the ATA/AIA Airworthiness As-
surance Task Force that was formed following
the conference.

We did have a lot of people involved in it,
and I think that this task force was one of the
single, most significant outcomes of that con-
ference.

Thetask forceisin fact reviewing five major
areas: (See Figure 1) The service bulletin re-
view, which is pretty well completed, but is
expanding to review all of the fatigue service
bulletins that have been issued for these air-
planes, use a criteria that I'll discuss shortly.

Corrosion programdevelopmentis themajor
effort that’s underway right now. The supple-
mental structural inspection document pro-
gram review is just beginning, and the repair
review and maintenance review are things that
will happen in the future.

Other actions that we have postured our-
selves for, are listed in Figure 2. We decided
that we needed to pay moreattention and focus
moreon testing that was underway, or planned
by the manufacturers, and look at some of the
teardowns that were planned for airplanes that
were out of service, and had been purchased
back by manufacturers. We wanted to see what
unexpected damage may have happened to
those airplanes in their lifetime or during con-
tinued fatigue testing. We’ve had a lot of in-
volvement with the manufacturers on those.

We certainly support, as Joe Del Balzo men-
tioned earlier, the R&D efforts that are under-
way. In addition to R&D in inspection, there is
some R&D effort in human factors.

We also support the flight standards aging
fleet inspections. We have engineers involved
assisting and counseling flight standards in-
spectors in their review of the fleet.

We support and responded to Dr. Mar
(MIT) and the technical oversight group for
aging aircraft. They have been very active in
critiquing our efforts. They have given us vari-
ous recommendations and we have imple-
mented orresponded to thoserecommendations.

e 1

. » ATA/AIA/FAA Task Force ,
- Service Bulletin Review |
- Corrosion Program Development
- SSID Program Review ‘
- Repair Review ‘
- Maintenance Review |

Figure 1 — Approach
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+ Seattle & Long Beach ACO’s

- Fatigue Test/Teardown Reviews

- Support R & D and Human Factors

- Support FlightStandards Aging Fleet
Inspections

- Support & Response to TOGAA
Recommendations

- Participate in Training Program

» Standards Staff
- Development of Rules

+ 113 Meetings Held
- Steering Committee
- Working Groups
- Special Committees

» 22 Certification Engineers and Manag-
ers Involved
Active Participation in All Meetings

Figure 2 — Approach (Cont.)

Additionally, our engineers are involved
with the flight standards training Ray Ramakis
has with Douglas and Boeing.

The standards staff in Seattle has four or
five very significant rulemaking or advisory
circular projects underway. Again, I'll tell you
about the details later.

We also support headquarters. [ hope Tom
McSweeny and Tony Broderick agree. It’s re-
lated back to what Congressman Oberstar was
saying about reassuring those white-knuckled
fliers out there that there is reason for concern,
but there are no immediate safety problems
that we know of. So we do feed a lot of informa-
tion back to the folks in headquarters to help
allay some of those concerns.

One other thing that has happened in our
approach is that I did create a dedicated posi-
tion, one person on the staff, to deal with the
aging aircraft issue. That job will be to pull
everything together, not in a technical sense,
but to include all of these various efforts that
we have underway in the Directorate, in addi-
tion to providing some dedicated resources to
following through on some of the actions.

Figure 3 is the FAA’s role in the Aging
Aircraft Task Force. The Airworthiness Assur-
ance Task Force is its new name. There have
been 113 meetings held. Those have been
composed of steering committee meetings,
working groups, and the special committee
meetings where there are detailed looks at each
specific type airplane and the history of that
airplane in service.

Figure 3 — FAA Participation in the Aging
Alrcraft Task Force

There have been 22 engineers or managers
from the Directorate who have been involved
so far; one or more of whom participate in
every one of those meetings.

Most of the 113 meetings have been review-
ing the fatigue service bulletins, withlittle work
on corrosion or the other activities we have had
underway. The focus has been on a review of
the fatigue service bulletins and to determine
those that should be terminated.

Figure 4 states one of the major things that
happened during the year. It has to do with the
policy change we made last August and imple-
mented in October, with a couple of significant
airworthiness directives.

The figure says basically that you can’t in-
spectanairplane forever. There s a criteria that
was developed by the steering committee that
said if a fatigue crack is difficult to inspect, and
if the probability of detection is not high and if
the consequences could be catastrophic, that

Continued inspection of an airplane
for evidence of occurrence of a known
problem for that model airplane, is an
unacceptable procedure toassure safety.
Modificationorreplacement of parts must
be accomplished to preclude the occur-
rence of the problem.

Figure 4 — FAA Policy Change




Leroy A. Keith

service bulletin should be terminated by a
modification or by replacement of the part.

For example, the Boeing working groups
for all the Boeing fleet reviewed 703 service
bulletins with this criteria in mind, and there
are 157 that are being terminated by air-
worthiness directive. The Douglas working
group reviewed 462 servicebulletins, and there
are 140 that will be terminated. The Lockheed
working group reviewed 251, and they are rec-
ommending 39 for terminating action.

Anissue that is not directly related to aging
aircraft, but that we are also looking at as a
group, has to do with service bulletins other
than the fatigue type. Our review applies the
same sort of a philosophy that you can’t in-
spect forever.

We've also decided that we would go back
and review all service bulletins where there are
possibly operational procedures and a design
change where a service bulletin or an FAA
action would allow both to continue. We're
going back and reviewing those and asking the
question: “Does it make sense, if there is a
design change available, to rely on an opera-
tional procedure such as placards or mainte-
nance procedures or something along that line?”

Figure 5 is the first application of the new
policy that you can’t inspect forever. In Octo-
ber we issued an AD NPRM on the 737 lap
splice that would affect the first 291 airplanes
that were cold-bonded, and which basically
required button-head rivets on the airplane to
replace the cold-bonded lap splices.

e 737 Lap Splice Fastener Replacement
~ First 291 Airplanes
— 100 U.S. Registered Airplanes
— Total Cost/Airplane $80,000
- AD Effective May 8, 1989

e 727 Lap Splice Fastener Replacement
— First 849 Airplanes
- 623 U.S. Registered Airplanes
— Total Cost/Airplane $58,000
- AD Effective August 21, 1989

The same thing applies to the 727, but it
affects a significantly larger number of airplanes.
Those modification programs are underway.

Figures 6 and 7 are the AD products that
came out of the working groups from the ATA
committee.

The working groups from Boeing gave us
their recommendations in late February or March
1989. We had an AD NPRM out in May. We've
gone through all of the comment and public
notice period, review of the comments, and the
final rule should be out as indicated.

The Douglas group forwarded their recom-
mendations to the FAA in September 1989. We
followed with an NPRM AD within a week or
so. We expect those ADs will take about six
months to go through the public comment
process and would be final about March of
1990. The MD-80 and the DC-10 are also shown.

Figure 8 shows some other accomplish-
ments that we’ve had. We have had 10 airline
evaluations supported from the Transport
Directorate, with engineers going out and look-
ing at aircraft.

o 727
— 74 Service Bulletins
— 1,700 Airplanes World Fleet
- $1,000,000/Airplane
— Est. Final Rule AD Effective January
1990

o 737
— 58 Service Bulletins
— 1,200 Airplanes World Fleet
— $900,000/ Airplane
- Est. Final Rule AD Effective January
1990

o 747
— 31 Service Bulletins
- 680 Airplanes World Fleet
- $2,300,000/Airplane
— Est. Final Rule AD Effective January
1990

Figure 5 — First Application of New Policy

Figure 6 — Aging Aircraft ADs - Boeing
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DC-8
—~ 152 Service Bulletins
~ 346 Airplanes World Fleet
~ $18,620/ Airplane
~ NPRM Issued September 14, 1989

DC-9
— 52 Service Bulletins
— 920 Airplanes World Fleet
— $76,100/ Airplane
— NPRM Issued September 14, 1989

[

MD-80
— 22 Service Bulletins
— 568 Airplanes World Fleet
~ §3,752/Airplane
~ NPRM Issued September 14, 1989

DC-10
~ 33 Service Bulletins
—- 426 Airplanes World Fleet
-~ $179,480/ Airplane
~ NPRM Issued September 14, 1989

e L-1011
~ 39 Service Bulletins - Termination
— 7 Service Bulletins - Inspection
— 243 Airplanes World Fleet
— Issue NPRM Est. December 1989

Figure 7 — Aging Aircraft ADs - Douglas

-

» Participation by Certification Engineers
in Aging Fleet Evaluations
— 10 Airline Evaluations Completed;
60 Planned
~ Plan to Evaluate Each Manufacturer’s

Figure 9 — Future Aging Aircraft AD’s -
Lockheed

Figure 10 shows the rest of the working
groups. These efforts are still underway, and a
little further downstream. Again, this is a fa-
tigue service bulletin review only.

We are expecting the model groups and
task groups to give their recommendations on
whattodo with thesupplemental structuralin-
spection programs, what to do about repairs as
they affect the damage tolerance evaluations
and what to do about maintenance and the
quality of maintenance.

Figure 11 is about corrosion, probably one
of the big hitters. In my opinion, this is an ex-
tremely big hitter that is going to have an
impact onthe way we do businessin the Trans-
port Airplane Directorate.

The second major policy change the FAA
has made in the last year deals with corrosion
control. Last February we decided that we
would mandate corrosion control programs
forthesetypeairplanes by airworthiness direc-

t Transport Category Type Aircraft

Figure 8 — Aging Aircraft Inspections

We will be going out and looking at every
transport category aircraft and all of the
operators.

Figure9shows working group activity that
is still underway. Very close to completion is
the fatigue review of the L-1011. We expect to
have an NPRM out before this year is up.

¢ Recommendations from Other Model
Task Group Service Bulletin Reviews
— Airbus A-300
Issue NPRM Est. March 1990
— Fokker F-28
Issue NPRM Est. April 1990
~ Convair 580
Issue NPRM Est. March 1990
~ British Aerospace BAC 1-11
Issue NPRM Est. March 1990

Figure 10 — Future Aging Aircraft AD's
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¢ Recommendation from Model Task
Group Review of Corrosion Program
— Boeing 707/727/737/747
Issue NPRM Est. November 1989
- Douglas DC-8/9/10
Issue NPRM Est. February 1990
— Lockheed L-1011
Issue NPRM Est. March 1990
— Airbus A-300
Issue NPRM Est. March 1990
- Fokker F-28
Issue NPRM Est. April 1990
— Convair 580
Issue NPRM Est. March 1990
— British Aerospace BAC 1-11
Issue NPRM Est. March 1990

Figure 11 — Future Aging Aircraft ADs

tive. We just received the Boeing working group’s
recommendations and we plan on having an
AD NPRMsoon. There willbe morecoming on
corrosion control but we fundamentally will
plan on a mandatory corrosion control pro-
gram for all transport aircraft operated in U.S.
air carrier service.

From the regulatory standpoint, we have
some significant activities underway as shown
in Figure 12. A lot are internal in the Transport
Directorate. These are internal evaluations right
now and they’re subject to change.

A couple of items I’d like to call your atten-
tion to on that figure are the second and fourth
bullet concerning two lifetimes of fatigue test-
ing. The 25.571 rule would affect future design.
We're also planning on proposing a special
Federal Aviation Regulation that would re-
quire fatigue testing of the existing fleet to two
lifetimes. It would be a retroactive rule.

I want to stress that we do not believe that
fatigue testing is the ultimate solution to the
aging aircraft program. But it can help you
better design SID documents or inspection
programs or you can find unexpected, possibly
multiplesitedamage that you hadn’t predicted
or found. AC 25.1529, which will be published
next month, is continued airworthiness as it

¢ Require SID Programs for All Airplanes
Certified to CAR 4b or FAR Part 25 —
to FAA HQ March 1990

e Amend FAR Part 25.571 to Require 2
Life Times Fatigue Test — to FAA HQ
January 1990

e Issue Revision to AC 25.571 —to FAA
HQ January 1990

¢ ProposeSFARto Require Fatigue Test-
ing of Existing Airplanes to 2 Life-
times. (Retroactive Rule) — To FAA
HQ January 1990

o Issue New AC25.1529 — To F.R. Pub-
lication November 1989, for Comments

e Issue New AC on Aging Aircraft Pol-
icy — FAA Coordination November
1989

Figure 12 — Future Regulatory Action

relates to damage tolerance and repairs. We've
been working on that one for a number of
months.

The new aging aircraft policy that we have
in coordination right now and plan to issue
next month, talks about some of the policy
changes made in the last year.

Insummary I would like to say I feel that it
was a magnificent effort on the part of the
international aviation community to go to work
the way weall did since June 1988, to make sure
that there aren’t going to be any more Alohas.”

There have been a lot of accomplishments.
I have been very gratified with the work that I
haveseen and the cooperative efforts that have
been made.

Still, there is certainly a lot more work that
needs to be done with the aging aircraft. There
are going tobesome fundamentalshifts,asI've
said, in the way we do business, especially as to
the way it relates to corrosion and especially
concerning the Transport Directorate. I just
made a quick calculation this morning. We
have expended about 20 percent of the total
Transport Directorate resources on aging air-
craft today. Resources that we weren’t spend-
ing last year. When we get into the corrosion
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control business, it’s going to take even more.
There’s going to be a large involvement of
Transport Directorate engineers in monitoring
the health of the fleet.

One of the measures of success of the way
we have approached the aging aircraft prob-
lem is reflected in what happened following
the tragic accident of United Flight 242 in Sioux
City last July. You recall the Administrator
announced then the formation of another group
to be under the R&D advisory committee
umbrella that Joseph Del Balzo is in charge of.
The group is the Transport Aircraft Safety Sub-
group. That group is being chaired by ATA, I

believe, and in fact we are preparing a systems
working group dealing with transport aircraft,
and it’s being structured almost exactly the
way we handled the aging aircraft program.

I'm comfortable in saying the fleet is cer-
tainly safe today. If it weren’t, the Transport
Directorate would be taking steps to do more.
We did ask that basic question early on: “Should
we park the airplanes at a given time?”” Right
now we have no plans to have a mandatory
retirement age, but it’s safe to say that the costs
are certainly going to be going up in maintain-
ing these older airplanes.
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BARrrY D. CLEMENTS

Manager, Small Airplane Directorate, FAA Central Region

Good morning. It is very much my pleas-
ure to speak to you this morning. Assisting me
is Bob Sexton, the Manager of our Aging
Commuter Aircraft Program Plan.

Leroy Keith reviewed the transport airc -aft
program plan, some of their actions, some of
their accomplishments, and you’ve heard about
the need for action this moming from Con-
gressman Oberstar, and from Tony Broderick.
You certainly are aware of it yourselves. We're
talking about actions not only by the FAA, but
by the industry and the other airworthiness
support agencies. A significant and growing
percentage of our regional or commuter fleet, is
made by non-U.S. manufacturers and we are
going to have to enlist the support of the other-
than-FA A airworthiness authorities to help us
getahandleonthe commuter aircraft program.

I'll review what’s planned and what has
been accomplished to date on the commuter
class of airplanes. Frankly, we’re not as far into
the programasthe Transport Directorate. They
had a bit of a head start on us.

Wedo havesome important parallel efforts
to our engineering program and those are in
maintenance and the research and develop-
ment community.

The com..wier class includes some trans-
port category airplanes used in regional or
commuter service. These are smaller airplanes
that the Transport Directorate has agreed we
should handle.

I'm sure our friends at Aloha are tired of
seeing that mishap used asa catalyst, but in fact
it did act as a catalyst to focus renewed atten-
tion on the issue of aging aircraft in the com-
muter fleet. We had to move very quickly from
thetalking aboutsomeday havinga problemto
developing an action plan to avoid a problem.
(See Figure 1)

The second bullet is probably one of the
most important ones we’re able to share with
you. There has been no dramatic failure of a
commuterairplanedue to agingand weintend
to ensure that those airplanes used in regional
passenger service do not have a structural fail-
ure due to age-related issues.

We have a pretty good workload. As shown
in Figure 2, the 1988 Regional Airline Associa-
tion figures show an air carrier passenger fleet
of 1,800 airplanes, 59 different types, 17 differ-
ent manufacturers, and about 165 different op-
erators. It's a tremendous workload to try and
get a handle on. That includes, as I said, some
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e The April 28, 1988 Aloha structural
failure acted as a catalyst to focus
renewed attention on the issue of aging
aircraft.

* There has been no dramatic failure of
a commuter airplane due to aging.

¢ The Aging Commuter Airplane Pro-
gram is intended to assure that an
airplane used in regional passenger
service does not have a structural fail-
ure due to the issues related to aging.

Figure 1 — Background

The 1988 Regional Aircraft Passenger fleet

1800 airplanes

59 different types

17 different manufacturers
165 different operators

Includes

Transport Category Airplanes
Small Airplanes

Latest Designs

Designs over 40 years old

Figure 2 — Regional Fleet

transport category airplanes, certainly what
we call small airplanes. It includes some of the
latest designs and technology and some de-
signs over 40 years old.

The commuter program s going to be very,
very similar to the transport program, but with
some differences due to the size, the design of
the airplanes, the complexity of them, and the
smaller resources in terms of manpower of the
commuter or regional air carrier industry. And
as with their program, ours has to be based on
a mutual commitment from industry and the
government, fromthe FAA, fromthe RAA and
the operators, from GAMA and the manufac-
turers themselves.

Our approach has been to initiate this pro-
gram within the available resources, and we
have finite resources. We decided to address
those aircraft with under 60 passenger seats,
not covered by the ATA / AIA task force initia-
tives, in scheduled or air carrier commuter
service, and initially those with a passenger
capacity of 10 or more seats.

This results in 1,180 airplanes or 66 percent
of those used in the scheduled regional air
carrier fleet. Those are the airplanes most often
used in their operation, so we are confident we
are addressing a much greater percentage of
the total passenger seat capacity of the com-
muter fleet. We will be working with 92 opera-
tors and 16 manufacturers.

The programcontent will initially beaserv-
ice bulletin review for those service bulletins
that relate to aging issues, and appropriate
closing action; and a review of airworthiness
directives we have on the books to see which
ones should be changed, perhaps from recur-
rent inspections to closing actions.

We had to have input on the very impor-
tant issue of maintenance considerations. We
are looking for recommendations from the
technical oversight group. And we are looking
to SID and structural SID development and
approval. Atsome point in the process we have
to get into major repair reviews: was enough
consideration given to fatigue and corrosion in
those repairs?

We're developing supporting regulatory
and policy actions and we have other actions,
for example those being taken by the R&D
community.

The airworthiness directive and service
bulletin review will be similar to the AIA/
ATA/Transport Directorate initiative. In this
case, considering the limitations on manpower
in the commuter regional air carrier industry,
it’s going to be an FAA action with industry
support instead of the reverse.

We will review ADs for possible terminat-
ingactionand we will be reviewing age-related
service bulletins for possible closing or manda-
tory action.

The technical oversight group’s recommen-
dations are going to be very important to us in
establishing and identifying whether we have
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a SID need; certainly in prioritizing the aging
airplane reviews; the adequacy of continued
airworthiness information that’s available to
the industry now; and the adequacy itself of
some of our service bulletin and AD actions
that are presently out there.

TheSID programis going tobe very similar
to thetransport effort. Thereisa GAMA format
under development. We are very anxious to
see the proposal that is forthcoming very shortly.
Weenvision the manufacturers developing the
SIDs, with FAA approval, in part if not all, and
appropriate AD action to mandate those.

We're still trying to get a handle on major
repair reviews and on how best to conduct
them. We see a very great problem in terms of
record access, record availability. But wedo see
aneed for an industry review of existing airframe
repairs. Were the considerations for fatigue
adequate? Was corrosion control adequately
addressed? Were repetitive inspections suffi-
cientto ensurecontinued airworthiness? Those
are issues that have to be reviewed.

We have several initiatives underway in
the areas of supporting regulatory and policy
actions. One, we are considering proposing
either rules to mandate SIDs or place hard
lifetimes on those aircraft using commuter
service. Can they be maintained, or do they
become paperweights?

Weare developing, and we will be propos-
ing, rulemaking addressing aircraft issues. For
example, corrosion control in the initial certifi-
cation process.

We have, in a joint effort with Flight Stan-
dards, areview of our service difficulty system.
Are we getting the adequate information back
toaddress both new certificationand ouraging
aircraft program?

There is a joint industry/FAA evaluation
of possible licensing of NDI inspectors and a
level of effort in human factors consideration in
NDI and NDE testing.

Charts 1 and 2 show some of the actions we
have taken. Again, we are exploring, more or
less, the total commuter program plan. We had
an initial GAMA/FAA/RAA steering com-
mittee meeting in December 1988. We got to-
gether again in February 1989, to prioritize

their efforts and ours. GAMA hosted a corro-
sion conference in March in St. Louis. GAMA
and RAA jointly hosted the Commuter Inter-
national Aging Conference in Kansas City in
April. We received the recommendations coming
from that conference in June. We are continu-
ing to develop our program plan.

We’ve had a number of meetings with the
technical oversight group and we’re anxious
for them to complete their site visits and make
their reports available to us.

Wehad ameeting in August withCanada’s
Department of Transport, and Boeing de Hav-
illand, regarding aninitiative needed onthede
Havilland fleet. It was a very productive meet-
ing. We are working very closely with them
and I thank them publicly.

GAMA is developing the format for the
SID development program, a joint industry/
FAA approach. We'll be proposing that shortly.
We are looking to industry to develop some
damage tolerance, and to develop and conduct
some damage tolerance studies to support what
is going to be proposed in the SIDs.

The SID development, of course, will be a
long-term process running through early to
mid-1991. The SID approval and FAA/AD
issuance to mandate those SIDs will follow in
lock step.

We intend to develop an NPRM and put
that out for an extensive comment period, to
allow comments from the international indus-
try. We expect to havea final rule by early 1991.

Figure 3 shows completed actions to date. I
mentioned the GAMA-sponsored corrosion
conference in St. Louis, a RAA and GAMA co-
sponsored conference in Kansas City, the de-
velopment of 23 recommendations, all of which
we and other parts of the FAA are looking at.
Many of which we acted on or are acting on,
and some that we still have open IOUs on,
unfortunately.

Industry and FAA have a firm commit-
ment to jointly address the issues. We have
developed a program plan for commuters similar
to that of the transport plan. It does not address
the entire Part 23 fleet, if you will, but our initial
actions, considering our resources, will not
permit that.
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1
ACTION ITEMS Dec Mar June Sept Dec Mar June Sept Dec Mar June  Sept

GAMA - RAA - FAA
STEERING COMMITTEE
MTG. (DECEMBER)

GAMA - RAA - FAA
PRIORITIZATION
(FEBRUARY)

GAMA CORROSION /]
CONFERENCE
(MARCH)

GAMA - RAA INTERNA-
TIONAL CONFERENCE
AGING COMMUTER
AIRPLANES (APRIL)

GAMA - RAA PRESENTA-
TION OF RECOMMENDA-
TIONS {JUNE)

FAA DEVELOPMENT OF @
PROGRAM PLAN

TOGAA PRIORITIZATION
+ Funding approval %,
« Team kientitication

- Site Visits W

* Repont

FAA - DOT CANALC A MTG. %

{AUGUST)

TOGAA COORDINATION

Chart 1 — Small Airplane Directorate, Aging Commuter Fleet Program

¢ GAMA Sponsored Corrosion Con-
ference

¢ RAA/GAMA Co-sponsored Interna-
tional Conference on Aging Commuter
Airplanes
— 23 recommended actions —

¢ Industry-FAA commitment to jointly
address issues

e FAA Developed Program Plan for
commuters similar to transport
program

e Held first Mfgr/FAA/other Air-
worthiness Authority meeting (Can-
ada, DOT/FAA/BDHC)

¢ Other Actions by Flight Standards

Figure 3 — Completed Actions
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1968 | 1989 [ 1990 T T2
ACTION ITEMS Dec June Sept Dec Ma  June Sept Dec  Mar Dec
INTERNATIONAL AGING %
AIRPLANE CONFERENCE
BALTIMORE, MD
(OCTOBER)

FAA SERVICE BULLETIN/
AD REVIEW

« Team Reviews

« AD Actions

INDUSTRY/FAA SID
PROGRAM
* Format Development
(GAMA)
+ Damage Tolerance
Study
(GAMA/FAA)
- SID Devetopment
{Manutacturers)
« SID Approval (FAA)
* AD Action (FAA)

FAA RULEMAKING
AGING AIRCRAFT SFAR
« Development of NPRM
« Public Comment
« Final Rule

P pzzzzzzzzza

V227222

T S ERN S S

V207727

Chart 2 — Small Airplane Directorate, Aging Commuter Fleet Program
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Maintenance

RaymonD E. RAMAKIS

Assistant Director for Special Programs
Flight Standards Service, FAA Headquarters

Good morning, ladies and gentlemen. It is
indeed my pleasure to be here. This morning
I'd like to share with you the Flight Standards
aging fleet program, which complements Le-
roy Keith’s program in the Transport Certifica-
tion Directorate, and Barry Clements’. in the
Small Airplane Directorate.

You’ve heard a lot about maintenance this
morning. You heard about maintenance from
Congressman Oberstar, Mr. Broderick, Tom
McSweeny and the rest. Now you're going to
hear a little bit more about it and some of the
details. It's one of flight standards’ highest pri-
orities. In fact it is the highest priority program,
and a program designed to evaluate the effec-
tiveness of airline maintenance programs as
they affect the U.S. air carrier aging fleet.

This program is fully underway and I'd
like to describe it to you. Webelieve it willgoa
long way to eliminate the examples of aircraft
you saw earlier today.

I want to give you some feedback on some
of the things we found in the 11 inspections we

have accomplished already and share our plans
with you for the future.

We're going to evaluate the effectiveness of
the airline maintenance programs and we're
going to identify discrepancies in the programs
and make changes. This will come about through
actual changes onsite as they’re found through
advisory information, advisory circulars, FAA
policy changes for our inspector workforceand
through regulatory changes for the entire in-
dustry.

Our objectives are to look at the structural
inspection program relative to the aircraft and
the maintenance programs. We want to look at
corrosion control and prevention, nondestructive
inspection, major structural repairs, and, per-
haps most important of all, human factors.

Solet’s take each objective and look at what
we’re going to do. (See Figure 1) In the struc-
tural inspection program, westart witha main-
tenance planning document. That’s a document
developed by the airframe manufacturer in
conjunction with the FAA. It's part of the
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e Maintenance Planning Document
(MPD) versus Operator’s Program
e MPD Structural Sampling versus
Operators Program
Is Operator Still Sampling
Review SSID Program
On Site Inspection of Aircraft

Figure 1 — Objective
Structural Inspection Program

Maintenance Review Board (MRB) process.
Wetake that document and matchit up against
the operator’s program.

We also take the maintenance planning
document and structural sampling program
versus what the operator is doing right now.
We ask if the operator is still sampling. We
review his supplemental structural inspection
document program and we do on-site inspec-
tion of the entire aircraft. We don’t do it just on
theday shift, wedo it on theafternoon shiftand
we do it on the midnight shift. Our inspectors
are issued coveralls and everything else they
need to inspect an airplane.

Corrosion control and prevention isshown
in Figure 2. We look at the maintenance plan-
ning document versus the operator’s program.
We look at how well he complied with corro-
sion control service bulletins. Is the manufac-
turer’s recommended corrosion control manual
being complied with? And we do on-site in-
spection of selected aircraft zones for corrosion.

MPD versus Operator’s Program
Corrosion Service Bulletin Com-
pliance

e Is the Manufacturer's Corrosion
Manual Being Complied with

¢ Inspection of Aircraft Zones for
Corrosion

Nondestructive inspection (NDI), a critical
factor in the review of problems on aging air-
craft is detailed ir Figure 3. We look at the
training given to the mechanics at the airlines
and what type of NDI equipment they use.
Does the operator contract his work out ordoes
he have his own people do it?

We look at the certification of individuals.
There are some industry certifications, (not
FAA'’s), and we actually observe nondestructive
inspection being performed on the aircraft.

Major structural repairs and data are cov-
ered in Figure 4. We look at the major repair
records of theairlineand we examine them. We
find out if the airline classified the repairs
properly, either major or minor, and we use a
structural engineer to evaluate the repairs on
the aircraft.

Human factors is shown in Figures 5. It's
onethingto talk about airline maintenance, it’s
another to work on an airplane at midnight, in
a cold hangar, under poor lighting conditions,
after you’ve had an argument with your wife.

So we look at the human factors aspect of
the mechanic. Welook at whether or not he has
had a physical, including an eye test.

We look at his work space and design
layout. We look at the types of stands, and

Training

Type of Equipment Being Used
Does Operator Contract for Services
Certification of Individuals
Observe NDI Being Performed

Figure 3 — Objective
Nondestructive Inspection

Retrieval of Repair Records
Classification of Repairs Major/Minor
Evaluate Repairs on Aircraft

Figure 2 — Objective
Corrosion Control and Prevention

Figure 4 — Objective
Major Structural Repairs/Data
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Visual Acuity/Color Vision
Workspace Design/Layout
Types of Stands/Platforms
— Aircraft Overhaul Docks
— Construction Scaffolding
— Cherry-pickers
Lighting
~ Lighting Measurements
— Primary Work Area Lighting
~ Supplementary Lighting
Noise
-~ Noise Measurements
— Ear Protection
Eye Protection

Figure 5 — Objective
Human Factors

platforms, overhaul docks, and construction
scaffolding that he has to use to inspect an
airplane.

I said before that we completed 11 inspec-
tions. We're going to do up to nearly 90
inspections, and we’re going to do a compan-
ion, complementary, same type iteration with
the commuter category aircraft identified as
aging.

What approach are we going to use? We're
going to do on-site evaluation of the operator’s
maintenance programs and aircraft. We are
using inspection protocols from the Boeing
company, from Douglas, and we plan to use
others. We have been given those documents
freely by the airframe manufacturers. We've
adopted them for the use of our inspectors.
They have the whole airplane categorized into
zones and they know exactly where to go and
what to look for.

We used qualified, experienced and trained
teams. We are gathering this inspection data
and feeding it into acomputer. At the end of all
the inspections we’ll have a final picture of the
entire maintenance programs of the U.S. aging
fleet. (See Figure 6)

We are going to observe, study, and corre-
late the actual against the manufacturer’s rec-

1. Team Leader

2. Operator's Principal Maintenance
Inspector

3. Experienced Airworthiness Inspec-
tors

4. Structural Engineer

5. Human Factors Analyst from the
Office of Aviation Medicine

Figure 6 — Team Composition

ommended maintenanceand corrosion control
programs. It’s not enough to know what is on
paper. We want to know exactly what is being
done for the aircraft.

To do this we use a team. We start with the
team leader — the operator’s principal mainte-
nance inspector. That's the person who has
day-to-day contact with the air carrier. They
are experienced airworthiness inspectors, and
we use about four of those inspectors. Even
though experienced, they go through a heavy
formal OJT program before we allow them to
inspect the airplanes. We get a structural engi-
neer from the certification directorate; we plan
to get structural engineers from the Small Air-
plane Directorate as part of the Aging Fleet In-
spection Team. They participate in all team
activities. And we get a human factors analyst
from the Office of Aviation Medicine. We also
take nondestructive inspection experts along.

Let me talk about some of the observations
we made during the 11 inspections donein the
area of structural inspection, corrosion control,
NDI, major structural repairs and human fac-
tors.

Now, take these in context. There isn’tany
one of them that will cause anything cata-
strophic to happen to an airplane. But they are
symptoms of things wrong in the system, things
that need to be corrected and have been cor-
rected.

Wegoin, they welcome us with openarms,
they give us all the information we need, and
the feedback from them is that we have per-
formed a positive benefit for them. We have a
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team right now that’s at Aloha. I didn’t plan it
this way, it just so happened that’s the way the
schedule went.

The structural inspection program is cov-
ered in Figure 7. We found in some cases that
operators’ fleet sample sizes were wrong. The
program was based on what the fleet size was
years ago. We found operators not removing
items from the sampling program when de-
fects were found. They should have been. When
adefect is found, then it should be converted to
a 100 percent inspection. Sampling no longer
applies. Operators have dropped sampling items
from their program and they can do that if they
do an analysis. In some cases they just fell
through the cracks and were dropped out of
the program. Items removed from the sam-
pling program, which should be put on a 100
percent inspection, were found to be in the
general visual zonal program rather than de-
tailed inspection program.

Some operators have no corrosion control
program at all. There is no real regulatory
requirement to have one. You’ve heard Tony
Broderick say he’s going to mandate corrosion
control by regulation, which is airworthiness
directive.

In cases where there is a specific program,
some of the work cards are too general with

¢ Operator’s Fleet Sample Size Wrong.
Program Based on Smaller Amount
of Aircraft than in Current Inven-
tory.

¢ Operators not Removing Items from
Sampling Program when Defects Are
Found. Should Convert to 100%
Inspection on All Aircraft.

* Operators Have Dropped Sampling
Items from their Program.

¢ Items Removed from the Sampling
Program and Put on 100% Inspec-
tion Were Found to be in the General
Visual Zonal Program Rather than a
Detailed Inspection Program.

regard to the type of compounds used or their
application. It’s one thing to have a program.
It’s another thing to break it down into work
cards that the mechanic will understand. That's
what is impor*ant. The program is important
but you have to pe able to implement that
program to make it effective.

Nondestructive inspection is another
concern. There are no government standards for
industry to follow. There are a lot of industry
standards. There are no qualifications required,
no visual acuity test required. Everyone has a
different program. There’s no formal program
identified with the maintenance program, and
the calibration of the equipment is not current.

What we planto do with this oneis keep ob-
serving, making corrections, giving counsel,
getting things straight. We have a regulatory
review underway of FAR Part 65, (airmen other
than crew members), where we plantoissuean
NPRM that will propose a mechanic’s rating
for a nondestructive inspection. As you now
have airframe and power plant ratings, we're
going to propose one for nondestructive in-
spection. Nondestructive testing is very com-
plicated and if you don’t do it right, you might
notcatch multisitedamage in the lap joints and
you could have a problem.

So wethinkit’s significant enough to create
standards. Industry has a lot of standards, but
they are not mandatory.

Major structural repairs are shown in Fig-
ure 8. Sometimes we find that there are no
major repair records, and that comes from
confusion in the regulations. There are limited
records, lost records, and improper classification.

Human factors, (Figure 9), is a major con-
cern. Noise levels are high, lighting levels are

Figure 7 — Structural Inspection Program

No Major Repair Records

Limited Records

Lost Records

Improper Classification of Repairs
No Reinspection Intervals for Re-
pairs

Figure 8 — Major Structual Repairs
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Noise Levels High

Lighting Levels Low/Poor
Supplemental Lighting Inadequate
Work Stands/Platforms Inadequate
Ground Support Equipment in
General Poor/Lacking in Repair

Figure 9 — Human Factors

low or poor, supplemental lighting is inade-
quate, work stands and platforms inadequate.

In a few places we visited, ground support
equipment was poor, lacking in repair, although
most larger organizations have good support
equipment for the mechanics.

Our schedule is shown in Figure 10. We
plan to extend it out a little bit in order to do at
least 90 airplanes, and I'll tell you how we’re
going to accomplish that later.

Structurally the program is handled out of
Headquarters. AFS-1 means the Director of
Flight Standards, and AFS-3 is one of his staff
people. We have two Project Managers out in
Seattle that handle this program. Eventually
we plan to get up to six teams. We have about
four people out there right now.

We are going to expand that number to 25.
So we're really going to push and shove this
aging fleet inspection program.

While theindustry task forceand groups of
people are working towards solving some of
the problems through the airworthiness direc-
tive process on fatigue and corrosion, this
program of necessity needs to continue be-
cause you can have all the programs on paper
you want, all the airworthiness directives you
want, all the structural inspection programs
you want but if you don’t do the work, then
that's the problem.

Our inspectors are trained. The Boeing
company trained 300 of our inspectors and en-
gineers onstructural inspection document pro-
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Figure 10 — Principal Activities and Milestones (Program Formation Began September 1988)
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grams which included damage tolerance and
corrosion. Douglas is going to do that also, and
train up to 300 of our people. We have a formal
OJT program for inspectors. We have a corro-
sion course underway in conjunction with the

Technical Center. We have an advisory circular
on corrosion that’s in coordination right now.
We'rereviewing the nondestructive inspection
courses at Oklahoma City and we plan to make
a major effort in the SDR program.
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Research and Development

Dick JOHNSON

Aging Aircraft Research Program Manager, FAA Technical Center

It is my pleasure to be here this morning to
provide an overview and brief summary of
FAA’s National Aging Aircraft Research Pro-
gram. The program represents a major FAA
commitment to develop and introduce new
technologies into the current maintenance,
design and manufacturing process. This effort
will ensure the structural integrity, and contin-
ued safe operation and maintainability of in-
serviceand futureaircraft designsbeyond their
originally intended service lives. It should be
noted that the program s being directed by the
FAATechnicalCenter in Atlantic City,and isin
total integration with and in support of actions
being taken by the FAA Aircraft Certification,
Manufacturing and Flight Standard’s Mainte-
nance Offices. Several of the regulatory issues
that have been discussed previously (by Mr.
Keith, Mr. Clements, and Mr. Ramakis) will be
addressed further. The primary focus will be
placed upon a review of emerging and ad-
vanced technologies that can be applied to the
enhancement of current structural design, main-
tenance and inspection procedures. Taking into
account the safety and economic needs of the
aviation industry, the program will attempt to

define current technology gaps and develop a
basis in which updated practices can be estab-
lished.

Today, Iam going to briefly touchupon the
basic program elements, beginning with the
program background, major issues, overall
research objectives and approaches, and a
description of the plan and status of the in-
cluded short and long-term research studies.

Background

The dates and initiated actions shown in
Figure 1 represent the basis for current re-
search on both the aging commuter and large
air carrier aircraft starting out with the June
1988 International Aging Airplane Conference
which wasinitiated, in part, on the basic fatigue
related occurrences (including the Aloha B-737
in-flight accident in April 1988). The primary
recommendations for research at the confer-
ence were presented by industry’s Air Transport
Association/ Aerospace Industry Association
(ATA/AIA) and later reemphasized during
the establishment of an air carrier industry task
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¢ June 1988 International Aging

Airplane Conference

August 1988 Industry Task Force

Initiation

October 1988 FAA Program
Review/Research

Initiation

November 1988

Aviation Safety
Research Act

March 1988

Industry R&D Task
Unit Summary

April 1988 International Aging
Commuter Aircraft

Conference

May 1988 FAA Research
Program Plan

Publication

Figure 1 — Background

force and an FAA program review in the fall of
1988. These recommerdation were included
under the initiation of an FAA research pro-
gram (in October 1988) and further reflected
under the subsequent “Aviation Safety Re-
search Act,” which stated that the FAA under-
take and direct research into the development
of technology to predict the effects of wear and
fatigue and to improve current maintenance
practices including nondestructive inspection
procedures. In early 1989, a research program
plan was drafted to accommodate further rec-
ommendations onlargeaircarrieraircraft (pre-
sented onbehalfofthe ATA/AIA researchtask
unit group,) and on smaller commuter aircraft
(presented by the Regional Airline Association
and General Aviation Manufacturers Associa-
tion (RAA/GAMA) at the April International
Aging Commuter Aircraft Conference). In May
1989, a final FAA Aging Aircraft Research
Program Plan was published and the program
became fully operational.

Issues

Figure 2 shows the six major issues that are
addressed under the plan, and again were
highlighted as a result of industry recommen-
dationsinvolving primarily large, pressurized,
aircraft structures. As affecting both large and
small airplanes, I would like to add that at this
time the program emphasis and included tasks
have been placed primarily upon the larger
pressurized transport airframe, and engine static
structures, because of a significant number of
reported fatigue-related occurrences and also,
in part, because of the higher averageage of the
transport air carrier fleet (12.1 years) as com-
pared to a younger commuter fleet (5 years or
less).

Objective/Approach

As previously discussed, the program’s
primary objective will be the introduction of
those technologies into the maintenance de-
sign and manufacturing process that will en-
sure the structural integrity of high-time, highly
cycled airframe and engine structures. Specifi-
cally, we are interested in developing existing
and new technologies that will provide us with
the ability to predict, detect, prevent or control
fatigue and corrosion in civil airframe and
engine static structures. The approach consists
of short- (2 years), intermediate, and long-term
(3-5 years and beyond) research study tasks.
The major emphasis at this time is the comple-
tion of those near-term tasks that will provide
a benefit or improvement to current in-service
airplanes, such as improved crack growth control
disbond inspection procedures, or improved
corrosion inspection and control techniques.

¢ Fatigue/Fracture

* Flight Loads

e Corrosion

¢ Nondestructive Inspection
* Repairs

Figure 2 — Issues
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Obviously, following our long-term tasks are
those that concern newer inspection concepts,
and design or material properties that have
greater applicability to existing but primarily
to future aircraft configurations.

Research Program Plan

Figure 3 describes the basic elements of
FAA'’s Aging Aircraft Research Program Plan,
whichinitially provides for theidentification of
issues and the selection of recommended re-
search tasks that have a direct bearing on cur-
rent maintenance, and structural design and
manufacturing procedures. As shown, emerg-
ing and advanced technologies will, and are
being, transferred from ongoing basic research
activitiesat NASA, the Department of Defense,
industry institutions and universities. We pres-
ently have agreements and contracts in place
with these organizations. The results of this
research effort are essentially a series of data
bases that will provide for the establishment of

new and updated advisory, training and regu-
latory material. At present, the plan provides
for a multiyear short- and long-term research
effort. We envision the plan to also represent a
living document that can be updated periodi-
cally. It presently includes 27 identified re-
search tasks we anticipate completing during
the 2-5 year period. In the short-term segment,
we will attempt to introduce existing and
emerging laboratory technology onto the manu-
facturers and airlines for the benefit of the
current and in-service fleet. In the long-term,
we will concentrate on thedevelopment of new
and advanced concepts that will have a major
effect on the performance and maintenance of
new and future aircraft designs.

Research Activities

Some of the major short- and long-term
research tasks that are now underway are re-
flected in Figure 4. During the research sessions
beginning later this afternoon, many of these

IDENTIFY ISSUES

* Fatigue/Fracture
* Flight Loads
 Corrosion

« NDI

* Human Factors

Maintenance/
Inspection/Repair

TRANSEER TECHNOLOGY

* NASA

« DOD/DOT
* Industry

¢ Academia

SELECT R&D TASKS

Structural
Design/Integrity

- »

DEVELOP DATA BASE

+ Handbooks
¢ Advisories
* Standards
* Training

|

Figure 3 — Research Program Plan
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ISSUES SHORT TERM LONG TERM
(FY 89-90) (FY 91-Beyond)
Fatigue/Fracture e Develop Damage Tolerance e Review Analysis/Test
Handbook Methodologies
e Assess Proof Pressure Test ¢ Assess MSC/Damage
Viability Tolerance Handbook
e Document DOD Tr. A/C ¢ Evaluate Engine Life Cycle
Life Assessment Limits
¢ Evaluate Commuter Fleet ¢ Review Analysis/Test
Structures Methodologies
Flight Loads e Publish V-G-H Data Reports ¢ Install Onboard Smart
e Design Prototype Smart Recorders
Recorder ¢ Conduct Flight Load Data
Collection
Corrosion ¢ Assess Corrosion Control ¢ Develop Corrosion Protection
AC43-4 Handbook
e Review Manufacturer’s ¢ Conduct Corrosion Crack
Corrosion Manuals Growth Control
¢ Develop Corrosion Protection
Training Material
Nondestructive e Survey NDI Equipment/ ¢ Develop NDI System
Inspection Techniques Handbook
o Assess NDI AC 43-3/43-7 ¢ Update NDI Training Manual
¢ Evaluate Emerging NDI » Evaluate Advanced NDI
Systems Systems
¢ Assess Engine NDI/

Microsensor Usage

Human Factors

Perform Task Analysis

e Study Equipment Design/

Environment
Assess Simulation Oriented
CBI

Study Job Performance Aids
Assess Job Selection/
Placement Procedure

Develop Human Factors
Handbook

Repair/MSIP

Survey Engine Repair
Practices

Review Airframe Repair
Practices

Document Engine Component
Condition

Establish Maintenance/
Structural Design Integrity Plan

Figure 4 — Research
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tasks will be discussed in more detail. As shown
in the Figures, we are defining the short-term
activities as those that will be completed within
the first two years of the program, while long-
term efforts will be completed during a next 3—
5 year intermediate period and beyond.

Fatigue/Fracture

Under the identified fatigue/fracture area
which is being supported, in part, by NASA,
DOD, and DOT Transportation System Center,
we have focused attention upon bringing up
the level of awareness of our own technical
personnel with the development of a fracture
mechanics handbook or damage tolerance
design practices that willlater, during thelong-
term activity, be updated to include added
details on multisite cracking and a further review
of existing test and analysis methodologies.
One of the major efforts being taken presently
is an assessment on the viability of proof pres-
sure testing as a means to ensure integrity of a
given fuselage structure. Other actions include
a review of DOD transport life assessment
procedures and evaluation of smaller com-
muter aircraft structure for the establishment
of appropriate supplemental inspection proce-
dures.

Flight Loads

Inthe flightload area, amajor effort is being
directed at the updating of an existing flight
load data base. To this extent, we are working
jointly with NASA-Langley in the develop-
ment and implementation of an on board flight
load data collection program. During the 1970s,
NASA collected a significantamount of V-G-H
data on current widebody airplanes. A joint
program with NASA is now under way to
publish this information and to further de-
velop a new smart data recorder system for the
purpose of obtaining additional in-flight gust
and maneuvering load data on current genera-
tion airplanes. The results of this effort should
assistboth theairplanedesignerand userinthe
establishment of safe and precise operating
usage envelopes.

Corrosion

Current research in the corrosion protec-
tion area consists of tasks being directed pri-
marily at corrosion control, in which case re-
sults can be readily obtained for application to
the existing in-service fleet. Again, we are as-
sisting our flight standards people in the up-
dating of Advisory Circular 43-4. Hopefully,
this update will identify new and more effec-
tive coatings and inhibitors that have been pre-
viously researched by the military. This leads
us to a review of current manufacturer pro-
posed manuals and into the development of
new corrosion protection training material, all
of which will be completed this fiscal year.
Long-term efforts include the development of
a comprehensive corrosion control handbook
forboth engineers and maintenance personnel.
Also, as another long-term effort relating pri-
marily to thestructural fatigue area, weand the
CAA will be jointly involved in a study to
determine the effects of corrosion on crack
growth.

Nondestructive Inspection

The approach taken to ensure the develop-
ment and introduction of new technologies
into the nondestructive inspection area was to
survey what equipment and techniques are
presently being used, review their overall ef-
fectiveness, and then, simultaneously, provide
for a near-term evaluation of new emerging
systems. This effort will be followed by a long-
term assessment of new advanced concepts
such as large scan holographic or neutron radi-
ography systems, or concepts which reduce or
eliminate personnel workloads through use of
robotics or automotive scanning systems. At
this time we are in process of reviewing a draft
survey report which addresses current and
existing NDI equipment used inairline service;
assisting our Flight Standards maintenance
organization in the assessment of current NDI
advisory material (43-3/43-7); and initiating
evaluation of other emerging NDI systems,
using the FAA Technical Center's B-727-100
[N-40]. These systems include new acoustic
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emissions and large area scan thermal systems
using new image enhancement methods to re-
duce inspector workload. Long-term goals for
FY-91 and beyond will include the develop-
ment of a long overdue FAA NDI handbook
and training material for FAA engineering and
maintenance personnel. Inaddition, weintend
to look into new concepts of on-ramp engine
inspection including use of microsensors and
newly advanced automatic systems for airframe
inspection.

Human Factors

Short- and long-term research studies cov-
ering the effects of human performance, on the
overall engineering, manufacturing and main-
tenance process, first will involve areview and
assessment of personnel work tasks and envi-
ronmental effects, followed Ly the identifica-
tion of areas that could be improved —such as
improvements in equipment, equipment us-
age and training. The goal under the human
factor study program will be the establishment
of a human factors handbook that will include
equipment needs, job training, personnel per-
formance aids and updated job selection and
placement procedures. At this time the major
emphasis of the program is aimed at the in-
spection area. Civil Aviation Medical Institute
personnelareactually participantsin the Flight
Standard airline fleet evaluation program. With
respect to current funding involving this effort,
our flight standards people indicate that there
is a wide variance of equipment and mainte-
nance manual instruction, including on-the-

job training procedures; therefore the need
exists to establish minimum guidelines.

Repair/MSIP

In view of recent industry and FAA fleet
surveys of older aircraft maintenance inspec-
tion and repair practices, there has been con-
cern about the adequacy of some structural
repairs and their effect on the life of surround-
ing structures and supporting damage toler-
ance design analysis. In many cases, repairs,
such as structural patches and replacement of
frame sections, may appear to be minor and
satisfactorily meet local static loading require-
ments. However, the same repairs, without
engineering or manufacturer review, could easily
result in increased crack growth and failure of
the surrounding structure. Other concerns
involving both airframe and engine repair
practices are variances that may exist between
airlines and contractor repair facilities, and the
effect these variances may have on fleet safety.
At present, one of the near- and long-term
actionsincludes a review of these practices and
otherrepairsand maintenancefactors affecting
engineand airframe life. One of the major tasks
that we see developing from this effort is the
establishment of an overall maintenance and
structural design integrity plan (MSIP). The
plan will provide for the identification and
close integration of critical design issues and
maintenance action affecting the life of a given
airplane. Specifically, it will provide the FAA
with the maintenance of documentation to
include minimum retention of permanent rec-
ords involving maintenance and repair.
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ATA/AIA Airworthiness Assurance
Task Force

CrypE R. Kizer

Vice President, Engineering & Maintenance, Air Transport Association

Several of the previous speakers have men-
tioned the activities of the Airworthiness As-
surance Task Force, led by Robert Doll, Vice
President of Technical Services at United Airlines.

I think that the effectiveness of that group
is unique in the history of the industry. It's
unique from several aspects: one, because of
theactivity that they have undertaken over this
last year-and-a-half, but also more importantly,
it’s unique because over 200 people have par-
ticipated in this activity and have been able to
break down barriers that existed in the past to
open honest communications.

And I think that we truly have a forum for
open and honest discourse. That to me is the
key. If you dov't have that honesty and that
openness, there’s no way that you can under-
stand and address the issues.

The activities, of course, have been very
productive. The activity has been intensive, as
related by Leroy Keith and some of the other
task force members. It has also been very crea-
tive. Often, if you assign insoluble problems to

people who don’t know that the problems are
insoluble or unsolvable, they get resolved.

I'm going to borrow a comment made by
Jim Marr of the Massachusetts Institute of
Technology. He was visiting Taiwan and met
withagentleman whoisascientistand anartist
of that country. Jim marveled at the artistry of
this gentleman.

Jim asked the man if he thought that Jim, at
his age, could undertake this type of art activ-
ity, and the gentleman said to him, “‘Old men
ask a lot of questions but don’t make much
progress. Young men don’t ask any questions
and frequently make a lot of progress.”

And that’s truly been the case in many of
the things that we’ve done. We've tumed re-
ally difficult problems over to young engi-
neers, and have been amazed at the creativity
that they bring to the problems. So it’s been an
intensive, creative and productive undertaking.

Many in this audience are participants in
what we have done over the last year-and- a-
half, and I sometimes feel that we’re onaclosed
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loop system where we gather together, we
work, we solve some problems, and then we
gather together to tell everybody what we’ve
done. And it’s almost like preaching to the
choir because everybody out there has been
involved in one way, shape or form with this
whole activity.

One of the things that I'd like to stress is the
international scope of the activity. Several of
the previous speakers indicated that aging
aircraft is truly an international problem and it
is being attacked on an international plane.

Considerable publicity has been accorded
for the Boeing working group and the Douglas
working group, and those working groups of
course not only represent the manufacturer but
are manned and staffed by all of the operators,
plus the regulatory agencies. We have over 94
separate and independent agencies involved
in this activity, again involving over 200 people.

To get 94 separate agencies to agree to a
course of action is not easy, and it is not easy to
communicate with 94 separate agencies and
organizations. But because of the quality of the
people who have participated, we have been
able to do so, and do so effectively.

In the past, the press, and perhaps our-
selves, have overlooked the fact that the inter-
national working groups are working as effec-
tively as the Boeing and Douglas working groups
and in many cases are further ahead in their
efforts. They haven’t produced their results for
publication yet because of differences in the
way we are going to have to promulgate that
information and ensure consistency between
the task units.

We can’t overlook the activities of Lock-
heed, Airbus, British Aerospace and Fokker in
this undertaking, because certainly it has been
asintense for the manufacturers and the opera-
tors of those task units as it has for the Boeing
and Douglas working groups.

I received some information recently that
the Aeronautical and Astronautical Associa-
tionofFrance (AAF), whichis equivalent to our
American Institute of Aeronautics and Astro-
nautics (AIAA), is going to conduct a confer-
ence on aging aircraft in Bordeaux, France on
March 28th and 29th, 1990. The members of the

Aging Aircraft Task Force have been asked to
participate in that meeting. So that again re-
flects the true international recognition of the
problem of continuing airworthiness and the
intensity with which peoplearetrying to attack
the problem and resolve it.

Numerous summaries of our activities have
been presented in various forums. What I would
like to do today is present a summary of what
we recently gave to the ICAO Assembly. This
was an effort on the part of the FAA to inform
that international body about our activities.
ICAO represents 170 different nations. What
I'd like to do today is run through that sum-
mary with you. This represents the latest
summary update, as given to ICAO.

This presentation is meant to convey the
historical background concerning the continu-
ing airworthiness of the air transport fleet. It
includes the extraordinary activities intended
to address the aircraft structural issues arising
from the fact that many aircraft in the world’s
commercial fleet are being operated beyond
their original economic design goals.

We shall start with a discussion of the back-
ground, which has led us to our current fleet
status, followed by a brief summary of that
status and a discussion of the events leading to
the establishment of the ATA/AIA Air-
worthiness Assurance Task Force, including
its objectives and progress to date.

Safety is the paramount issue relating to an
effective air transport system, and of primary
importance to the issue of safety is the air-
worthiness of the fleet of aircraft serving that
system. From the time an aircraft is conceived
onthedrawingboard untilitisretired fromuse
in the commercial system, its airworthiness is
based on mutually dependent principles and
responsibilities.

Airworthiness begins when the aircraft
manufacturer incorporates damage tolerant
design criteriaaccording to regulatory require-
ments. That airworthiness is assured by the
airlines who must operate the aircraft in accor-
dance witha progressive program of preventa-
tive maintenance.

The regulatory agency must provide a
system of surveillance to ensure that thedesign

37

B T




Second Annual International Conference on Aging Aircraft

criteria are correct, that the manufacturer and
airlines operate in accordance with their de-
fined procedures and that any threat to air-
worthiness is detected, reported, analyzed and
acted upon in a timely and effective manner.

Theairlines, manufacturers and regulatory
agencies represent a triad of check and balance
responsibilities meant to ensure the viability of
the basic and crucial element of safety in air-
worthiness. The system has proven its effec-
tiveness throughout the dynamic and successful
years of development of our world air trans-
port system. It has been so successful, that over
the years, aircraft have been retired from major
commercial use almost exclusively for economic
reasons when they could no longer compete
effectively in the marketplace.

In many instances, those aircraft did not
actually retire, but were shifted to another op-
eration in which they could still perform a pro-
ductive function for society.

With few exceptions, theability to maintain
airworthiness has not entered the decision con-
cerning retirement for our commercial fleet. In
fact, the industry has long believed that there
are no structural considerations which define
life limits for aircraft fleets.

Aircraft are designed to meet many per-
formance, tactical and economic goals. The
economic goals are generally meant to convey,
to prospective buyers, planning considerations
for strategic and marketing issues. They do not
reflect the manufacturer’s assessment of struc-
tural limitations. Economic design goals are
defined in terms of years of service, numbers of
flight cycles and flight hours.

The fast-paced aircraft industry has devel-
oped ata phenomenal rate. Theleading edge of
technology moved us from wooden airplanes
powered by newly-developed internal com-
bustion engines of sufficient performance and
weight to allow the briefest of flights, to our
current inventory of metallic ships of the air
whose speed, range and comfort have allowed
major portions of the world’s population to
benefit from the advantages of air travel.

That technology was a driving force to the
economic obsolescence of our aircraft fleets.
Bigger, faster, higher were always the precur-
sors to competitive success.

With the advent of pressurization, the jet
engine, the swept wing, and the jumbo jet, we
have reached a point where major technologi-
cal breakthroughs will be required to relegate
anaircraft to a position of noncompetitiveness.
Until and unless noise constraints or fuel costs
become prohibitive, the first and second gen-
eration jet aircraft can continue to be produc-
tive in competition with their glass cockpit
counterparts of the current generation.

These conditions have resulted in our cur-
rent environment where a significant number
of aircraftin our commercial fleetare operating
beyond their original economic design goals.
We are facing a new era in our need to assure
the continuing airworthiness of our transport
fleet.

New challenges often mean that new phi-
iosophies must be developed to meet those
challenges. We have faced similar challenges,
to our collective responsibilities for air-
worthiness in the past, and are required to do
so again.

When the first pressurized aircraft came
into use, we found that we had to pool our
resources so as to study this new technical
development and determine appropriate revi-
sions to design, test and maintenance proce-
dures in order to accommodate it.

In 1968, an industry panel of manufactur-
ers, airlines and the FAA was established to
address those issues. The success of that en-
deavor has led to a similar organizational
approach to widespread industry issues, in-
cluding the development of a new damage
tolerance criteria in 1978.

The industry was able to initiate revolu-
tionary action in 1981 when it developed the
Supplemental Structural Inspection Program
(SSIP). This process allowed a proactive ap-
proach to maintenance problems through early
detection stemming from lead aircraft inspec-
tions. The industry was thus capable of plan-
ning to accommodate expected maintenance
difficulties, rather than having to react to them
as they occurred.

The manufacturer was able to predict pro-
ductionrequirements. Theairlines wereable to
plan for appropriate resources, and the FAA
had better guidanceas to where problems were

38




R-"‘—'_:\

likely to occur so that they could initiate appro-
priate regulatory requirements to ensure air-
worthiness.

The process worked smoothly and effec-
tively until several aircraft structural failures
required that we reassess our process and our
philosophy. The seriousness and significance
of those failures required that the industry
review the effectiveness of the well-established
principle of check and balance with respect to
our shared responsibilities.

These incidents demanded that we thor-
oughly question our concepts concerning the
means to continuing airworthiness.

Let us review the status of the fleet (see
Figure 1) that contributed to our need for reas-
sessment. The average age of the U.S. commer-
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cial fleet is almost 13 years. The figure indicates
that better than 46 percent of that fleet is older
than 15 years of age.

Figure 2 shows that eight common trans-
port category aircraft have exceeded their eco-
nomic design goals. Many of these aircraft are
in common use throughout the world. Despite
these age-related concerns and despite the struc-
tural failures, which required that we question
our current practices, the exceptional safety
record compiled by the air transport system
and the continued safe and productive use of
those aircraft after they have left the major
airlines proves beyond question that airplanes
are capable of operating safely beyond their
economic design goals.

Aircraftarelike people; some show signs of

Under § years
707 aircraft

U.S. COMMERCIAL AIRLINE FLEET
Average Age:

5-10 years
747 aircraft

10-15 years
515 aircraft

12.7 Years

20 years or older
960 aircraft

15-20 years
742 aircraft

TOTAL AIRCRAFT: 3,671

Figure 1
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¢ Airplanes fromeightdifferentmodels
(B-707,720,727,737,747,DC-8,DC-9,
BAC 1-11) have exceeded the economic
design goal

e Airplanes are capable of operating
safely beyond their economic design
goal

Figure 2 — Service History

age earlier than others and for reasons not at-
tendant to chronology.

The major effects of aircraftageare brought
aboutby flight cycles due to the skin-stretching
process involved in pressurization. Other ef-
fects result from hours of operation, years of
operation and operating conditions.

The major factor concerning continuing air-
worthiness for the operating fleetisdiligent ap-
plication of an effective maintenance program.
Despite recent events, structural failures ac-
count for a very small percentage of aircraft
accidents.

Figures 3, 4, 5, and 6 reflect the economic
design goals and currentstatus of the major air-
craft models proditred in the United States.
Most aircraft have a 20-year economical goal,
while the flight hour and cycle goals reflect the
intended use of the aircraft in terms of stage
length and flight frequency.

The Boeing aircraft fleet status figure is
typical of the expected growth in our aging
fleet resulting from the combined effects of
high consumer demand, limited existing ca-
pacity and extended lead time requirements
for fleet replacement.

The two major threats to the continuing air-
worthiness for aircraft are fatigue and corro-
sion. The mechanics for fatigue are generally
well-understood and our continuing mainte-
nance programs are based on these concepts.

Corrosion is not confined to age, for it can
begin the moment two dissimilar metals are
brought in contact on the assembly line. As
aircraft age, the incidence of fatigue increases
and corrosion can become more widespread.

The major concern rests with the interaction of
these two processes, for our understanding of
fatigue principles is invalidated by the pres-
ence of corrosion.

Airworthiness is not strictly a mechanical
process responding to known principles of
structures and materials. Human involvement
is crucial to the process of continued air-
worthiness. Because this will always be true,
we must develop, understand and apply knowl-
edge of human interaction with the mainte-
nance process. This must include concepts
regarding training and qualification as well as
the development of an effective man/machine
interface in the inspection process.

The FA A brought focus to all of these con-
cerns when they sponsored the Conference on
Aging Aircraftin June of 1988. That conference
brought together over 400 world representa-
tives to review the impact of aging on aircraft
and engines and the need for improved inspec-
tion techniques and technologies to detect and
counter the aging effects.

It was obvious to most of us who were
present at that conference that the technical
topics raised, airframes, engines, nondestructive
testing and human factors, could not be re-
solved in the three days allotted for the confer-
ence. Consequently, representatives of the Air
Transport Association and the Aerospace In-
dustry Association submitted a list of eight
recommendations for consideration by those
attending the conference. The final point shown
inFigure7, recommended the establishment of
an industry task force to resolve the technical
issues raised at the conference.

The formula that had proven successful in
the past was recommended once again, this
time with a scope and scale that is unprece-
dented in the world of aviation. Once again, the
triad of manufacturer, regulator and operator
were called upon to contribute their expertise
and experience in response to a common threat.

Since the issues were not confined to inde-
pendent state borders, the resolution of those
issues had to be international in scope. Thus,
the parallel participation of an international
triad was organized and enacted.

Figure 8 depicts the pyramid organiza-
tional approach adopted to include a steering
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Estimated number of 727, 737, and 747 airplanes exceeding economic design

(20 Year Life)
1,500 1,365*
1,232*
1,146*
1,010*
1,000 860°
645
S00
1988 1989 1990 1991 1992 1993
*Cumulative
Figure 5 — Fleet Status
Estimated number of 727, 737, and 747 airplanes exceeding economic design
(Number of Cycles)
®
200 AIC  # ol Cycles 184
727 60,000
737 75,000
150 747 20,000 142*
100 93*
68.
50 44
22
1968 1989 1990 1991 1992 i993
*Cumulative

Figure 6 — Fleet Status
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¢ Continue to use present system of maintenance and inspection with diligence and
thoroughness. Find out why a single airplane suffered major structural failure and
adjust systems as necessary.

¢ Initiateresearch to find better ways toassess structural conditionand detectstructural
problems.

¢ Continue to pursue concept of tear-down of oldest airline aircraft to determine
structural condition and conduct fatigue tests on older airplanes.

e Pursuetransfer of availablebody of knowledge of NDT and its application toairplane
inspection.
Put research and development money into improving NDT techniques and methods.
Examine all aspects of human factors involved including training and qualification of
airline inspectors.

¢ Ensure that the communications systems among airlines, the manufacturers and the
regulatory authorities are adequate.

o Establish task forces from the airlines, manufacturing industry, FAA and NASA to
continue the work begun at this conference.

Figure 7 — Aging Aircraft Conference in Washington, D.C., June 1-3, 1988
Airline/Manufacturer Recommendations

ATA/Manufacturer
Steering Committee

\Il Worklnﬁups

United/Boeling/FAA l American/Douglas/FAA

Delta/Lockheed-/FAA
Alrbus-Convalr-Fokker-
British Alrcraft Corporation

Task Groups Task Groups Task Groups
707 DC-3/6/7 — BAC 1-11/U.S. AIR
727 DC-8 — AIRBUS/PAN AM
737 DC-9 — FOKKER/PIEDMONY
747 DC-10 — L-1011/EASTERN
— CV-580

Figure 8 — ATA/AIA Airwothiness Assurance Task Force
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committee representing all agency and organ-
izational factions of the task force and three
working groups which encompass all aircraft
models employed by most major world air
carriers.

Figure 9 lists the 32 U.S. carriers and two
military participants and the 42 international
carriers who have contributed so effectively to
the success of the task force. In addition to the
operators, seven airframe manufacturers and
five regulatory agencies are a part of the effort.

Finally, NASA and the Professional Avia-
tion Maintenance Association (PAMA), are rep-
resented on the steering committee.

The problem was large, with significant
ramifications and the size and scope of the task
force reflects the sense of urgency needed to
address the concern. The goal was to bring
together themost comprehensivebody of tech-
nical experience and expertise possible so as to
accurately definethe problemsand providethe
best collective judgment to the resolution of
those problems.

Weidentified the world users of theaircraft
fleets from the aircraft manufacturers’ listings
and invited operators of those fleets to partici-
pate on the basis of their fleet size.

Generally, 60 to 70 percent of the popula-
tion of the world’s fleet for the aircraft models
of concern is covered. Working groups are

organized along manufacturer product lines
forBoeingand Douglasaircraft. Theremaining
manufacturers are represented in the Interna-
tional working group, comprised of Airbus,
Lockheed, British Aerospace, Fokker, and
Convair.

These working groups are composed of the
front line engineering and technical personnel
who have the daily responsibility for the air-
worthiness of their respective fleets. There are
over 200 individuals involved in this task force.
All activities are conducted during monthly
meetings, many of which require two to three
weeks of preparation in order to adequately
address the issues at hand. Leroy Keith indi-
cated earlier that there have been 113 such
meetings since this task force was formed.

The working group objectives are depicted
in Figure 10 and have been reviewed by previ-
ous speakers. They are short-term in nature
and reflect the priorities of establishing im-
proved safety margins for structural integrity,
and developing an effective corrosion preven-
tionand control program to assure the viability
of the maintenance process.

The first objective required a review of all
structural problems that have affected the fleet
since the specific aircraft model was introduced.
This was accomplished during a review of
existing service bulletins, which are manufac-

Airlines — USA

Airlines — International

United Evergreen Air France Scandinavian Dan Air
American Hawaiian SWISSAIR Air Canada Ansett
Delta Midwest Express British Air German Cargo Service  TAT

Federal Express Orion Air Alitalia Iceland Air Lingeflug
Aloha Emery KLM Nationair Minerve
Piedmont United Parcel Service Lufthansa Trinidad Aero Lloyd
Northwest Braniff Britannia Saudia Oman Royal
USAir Batch Air Canadian UTA Transfrick
Trans World Dalfort Japan Airlines Vaig World Ways Canada
Eastern Emerald Air Qantas Gulf Air Austral

Pan Am International Air Korean Thai Airways BWIA
Continental Polaris Aircraft Alisarda Air Inter Finnair
American West Trans Continental Avensa Aer Lingus Garuda
Alaska Sunworld

Southwest Midway

Flying Tigers USN

Airborne Express USAF

Figure 9 — Airworthiness Assurance Task Force Working Group Participants
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e Service bulletin review
Corrosion directed inspection program

e Review maintenance program for
guidelines/recommendations

e Review SSIP/SSID for effectiveness/
recommendations

e Develop guidelines for structural
repairs in relations to long term op-
erations

Figure 10 — Working Group Objectives/
Activities

turer-initiated action documents to address
reported fleet problems.

The collective experience of the working
group elements was then brought to bear on
the issue to determine if mandatory action
should be initiated for some of those service
bulletins based on their possiblesafety implica-
tions and their difficulty in detection. Several
thousand such service bulletins have been
reviewed and two of the working groups have
made recommendations concerning manda-
tory action.

The Boeing working group recommended
that 161 service bulletins become mandatory,
while the Douglas working group recommended
that 159 service bulletins become mandatory.
The FAA, as indicated earlier, is taking the
necessary action to promulgate these recom-
mendations in the form of rulemaking. Other
regulatory agencies will act as determined by
their review of the proposals and the actions
taken.

All of the working groups have essentially
completed their efforts regarding the develop-
ment of recommendations for an effective cor-
rosion prevention and control program for their
specific aircraft models. Once compiled, this
program will be submitted to the FAA and
other regulatory agencies for consideration and
action in the form of regulatory requirements.

Imight mention that since this text was pre-
pared, we have presented the Boeing working
group program, which has been reviewed and
added to by other working groups, in a sub-
committee action. This will form the basis of a

generic corrosion prevention and control
program.

Other working group objectives include a
review of existing maintenance programs to
determine if recommendations should be made
concerning limitations of such programs, a
review of the SSIP to determine if that program
has been effective with respect to its original
intent, and a review of existing structural re-
pairs to determine the need for additional action.

The composition of the steering committee
headed by Bob Doll (refer to Figure 8) reflects
the parallel international scope of that body.
The function of the steering committee is to
define the objectives of the task force, provide
guidelines for the consistent accomplishment
of those objectives, ensure that time lines are
kept, and to provide coordination and resources
for longer range objectives.

These objectives are delineated in Figure 11
and include coordination with the FAA human
factors efforts led by Dr. Shepherd of FAA
Headquarters, establishment of a committee to
develop improved methods for technical data
collection, analysis and distribution on an inter-
national basis, development of research and
development efforts with respect to non-
destructive testing technology and fatigue test-
ing and development of recommendations for
standardized training and qualification require-
ments for inspectors and mechanics. All of
these projects are well underway.

The Airworthiness Assurance Task Force
was originally intended to complete all of the
objectives under its charge by the end of 1989

Human factors

Maintenance communications
Non-destructive testing technology
Fatigue testing
Inspector/mechanic
qualifications
Industry commitment to fix the tech-
nical problems before political solu-
tions are forced upon us

training and

Figure 11 — Long Term Objectives
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and then its activities were to be dissolved. The
unparalleled success of the individuals partici-
pating in the task force in achieving open,
honest and effective communications and ac-
tion plans indicates that this effort and its
effects are too valuable to allow complete dis-
solution.

The intent at this time is to continue the
activities of the steering committee and work-
ing groups, perhaps on a quarterly schedule

for the steering committee, and an annual basis
for the working groups, so as not to lose the
valuable synergism that this group has devel-
oped.

The task force was formed to address tech-.
nical issues in a responsible and responsive
manner. [ believe we havedonethat and I think
the testimony and the activities to date indicate
the success of the organization is unparalleled
in the history of the air transport system.
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It's a pleasure to be here and have an op-
portunity todiscuss the activities that NASA is
undertaking in support of the aging aircraft
issue. We see the FAA as the lead agency
within the government to undertake these
activities, and ourrole is to work with the FAA
and to develop technology that would support
their actions.

What I will do toda; is provide a back-
ground in terms of our past activity and the
specific issues that we are focusing on at the
present time and what we see as the opportu-
nities for the future.

NASA has historically been involved inde-
veloping materials and structures technology
to support aircraft applications. Most of you
are quite familiar with the work that we’ve
doneatthe NASA Lang.ey and Lewis Research
Centers. Although we did not have an Aging
Aircraft Program a year ago, we did have a
number of research and technology programs
that focused on materials and structures activi-
ties of nondestructive inspection, fatigue and
fracture, structural life prediction methodolo-
gies, and a host of other activities related to
aircraft structures.

Within the past year, NASA has developed
a focused program in coordination with the
FAA to address specific issues that are related
directly to the issue of aging aircraft. We have
signed a memorandum of agreement with the
FAA, whichis focused in the areas identified in
Figure 1; nondestructive inspection and
nondestructive evaluation, fracture fatigue tech-
nology, and structural integrity prediction
methods.

The NASA program has been coordinated
with Dick Johnson and Nelson Miller at the
FAA'’s Technical Center and we intend to have
further discussions in terms of opportunities
for us to cooperate and support their efforts.

We also had a number of discussions with
industry to find opportunities for us to transfer
NASA technology toindustry and to find ways
for us to work together with industry so that
the technology we develop might beused inan
effective manner in addressing aging aircraft.

AsClyde Kizer mentioned earlier, the ATA
conducted an assessment of aging aircraft in
which NASA participated. Mr. Sam Venneri
from NASA'’s Office of Aeronautics and Space
Technology is the chairman of the materials
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o NASA research programs have his-
torically focused on airframe materi-
als and structures technology

o NASA initiated a focused airframe
structural integrity program to sup-
port FAA as lead agency for aging
aircraft research

e NASA/FAA memorandum of agree-
ment on aging aircraft initiated with
focus on:

—~ Nondestructive inspection/non-
destructive evaluation (NDI/NDE)

— Fracture and fatigue technology

— Structural integrity prediction
methods

NASA participation in ATA aging
aircraft technology assessment

Figure 1 — Airframe Structural Integrity
Program — Background

and structures activities that addressed research
and technology needs.

Let me get into the discussion of the goals
of our program, which are to develop and
verify technology in the areas of nondestructive
inspection and fracture mechanics, and to
develop structural life prediction methodol-
ogy that ensures the safety of airplane structures.

The specific objectives in that program are
shown in Figure 2. In the NASA program, we
will develop analytical methods that enable us
to predict crack initiation and growth from
multisitedamage in fuselage structures as well
as other elements of the airframe; we will de-
velop analytical models that permit global and
local analysis of airframe structure to incorpo-
rate the fracture and fatigue prediction meth-
odology; we will also develop NDE devices
and procedures within the laboratory and
demonstrate those on aircraft elements; and
then we will provide techniques whereby they
could be economically applied to aging air-
craft. That requires a cooperative effort be-

o Verify stress intensity factor solutions
and fatigue crack growth methodol-
ogy applicable to multiple-site dam-
age at riveted joints.

e Verify nonlinear global/local struc-
tural analysis methodology for pre-
dicting crack growth in pressurized
stiffened shell structures.

e Develop and demonstrate NDE de-
vices to characterize the development
of damage in materials undergoing
laboratory simulated life testing.

e Demonstrate NDE technologies to
economically and quantitatively evalu-
ate aging aircraft.

Figure 2 — Airframe Structural Integrity
Program — Objectives

tween ourselves, the airframe industry and the
aircraft users in order to transition this technol-
ogy to the users.

Figure 3 is a schematic that shows the vari-
ous elements in our program. QNDE is Quan-
titative Nondestructive Evaluation technology.
The NASA program includes the elements of
fracture analysis, as I mentioned, analytical
modeling and nondestructive inspection that
focuses on a verified predicted methodology to
enable us to enhance the life of airframe
structures.

Before I describe the elements of those pro-
grams indetail, [ will review the organizational
structure within NASA so you will have an
idea of who the participants are in the NASA
Aging Aircraft program. (See Figure 4)

At NASA Headquarters, Mr. Sam Venneri
is the director of the Materials and Structures
Division, which is the focal point for aging
aircraft research and technology in the agency.
Atthe Langley Research Center, which has the
primary responsibility for airframe structures,
Dr. JimStarnes is responsible for the structural
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mechanics research and computational struc-
tural mechanics issues. Dr. Charlie Harris, is
responsible for the fracture and fatigue meth-
odology. Dr. Joe Heyman, who is developing
nondestructive measurement science methods
is responsible for NDE research. At the Lewis
Research Center, Dr. Chris Chamis is respon-
sible for developing the stochastic models for
life prediction of airframe structures. I'll dis-
cuss these technology areas later.

The fatigue crack growth prediction meth-
odology program is one of three program
elements I'll be describing. The scope of this
program is broken down into two specific tasks.
The first is an evaluation of proof test concepts
for fuselage structures. The second task fo-
cuses on a broader, long-term goal to develop
fatigue and fracture methodologies necessary
to address crack initiation and crack growth
from multisite damage in fuselage structure.
This includes not only the analysis models but
also experimental studies to verify those models.

Figure 5 shows a composite of the various
elements in the life prediction methodology. It
illustrates the basis for the durability and damage
tolerance concepts that have been successfully
applied to airframe structural design. The NASA
program focuses on crack initiation, fatigue
crack growth models, to relate crack growth to
the applied loads, and some of the nonlinear
issues such as crack closure which causes a
retardation of crack growthdue to overloadsin
the spectrum, as well as the significance of
small cracks and the influence of small crack
growth versus large crack growth.

Those are some of the basic elements and
issues that will be addressed in the fracture
mechanics program. We willdevelop thestress
intensity factor solutions which will allow the
prediction of crack growth in metallic airfra-
mes for a variety of configurations, including
multisite damage.

We will conduct elastic and elastic-plastic
nonlinear analysis of some of the critical ele-
ments within the airframe, the splice joints as
well as the loaded rivet holes. We will analyze
short cracks emanating from rivet holes under
spectrum loading, and then we will develop
the analysis methodology to incorporate these
fracture mechanics concepts into large-scale

global analysis. The formulation and verifica-
tion of the fracture mechanics models is one of
thedevelopments that we seeas a key to enable
us to make predictions for these complex struc-
tures which involve multisite damage.

Another of the issues as I mentioned in the
scope of our activity was an assessment of
proof testing concepts. Figure 6 shows some of
the benefits and concerns that we have con-
cerning proof testing as it applies to large fuse-
lage structures.

The potential benefits of proof testing is
that it can be considered as a global non-
destructive inspection method. Proof testing
provides a rapid way of assessing the integrity
of a structure, and it has been demonstrated
very successfully in a number of specific dppli-
cations, including the F-111 and B-2 wing struc-
tures. But it also has been used on a number of
pressure vessels by the Department of De-
fense. For example, solid rocket motor cases
are proof pressure tested as part of the accep-
tance procedure.

If the proof of a metallic structure is com-
bined witha fracture mechanics methodology,
then it can be shown that a specific level of
proof test will assure a finite number of cycles
at a specific load. A proof test approach for
assessing structrual integrity applies very well
to materials that have low ductility, essentially
those materials in which linear elastic fracture
mechanics concepts are applicable.

One of the concerns that we are addressing
in our assessment is that there is very limited
experience on proof-testing of complex built-
up fuselage structures. The issue of proof-
testing structures made from a ductile alloy, a
2024 fuselage-type metallic system, raises some
concerns about the application of the fracture
mechanics approach in ductile materials, as
well as whether some damage may occur dur-
ing the proof test.

There is another concern about the com-
plexity of corrosion and how corrosion influ-
ences any kind of a proof-tested structure,
because crack growth in corrosive environ-
ments is not addressed very well in a fracture
mechanics methodology.

AsImentioned, theissue of a very complex
structure, which would have built-up elements,
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Figure 5 — Prediction Methodology for Total Fatigue Life

penetrations, bolted and bonded configura-
tions is something that has really not been
addressed completely in assessing rhe proof
test methodology.

And, finally, if you can only assure a lim-
ited life after a proof test, then repeated proof
tests will be required and these proof loads
become part of the overall spectrum and must
be considered as part of the design spectrum.

So we’re not saying that these are show
stoppers, but we are saying that before we
commit ourselves to a proof test methodology
to assure a specific life for a particular struc-
ture, these are the elements that should be
addressed and resolved to ensure that we are

getting what we intend to get out of the proof
test. And that would be a specific life extension
for a fixed period of time.

I'll discuss briefly the elements that we are
addressing in our evaluation of the proof test
concept. We are essentially looking at it froma
fracture mechanics viewpoint, considering the
various crack growth and retardation aspects
for 2024 aluminum alloys. We want to analyti-
cally establish the required proof test factors
that could be used, using various parameters
such as the crack size, the crack location, con-
figuration and the operating stress levels, and
we have a program to experimentally conduct
some limited testing that would load panels to
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BENEFITS

~ F-111 wing box and B-52 wings
~ Fracture mechanics methodology

CONCERNS

* Can provide simple, rapid, effective demonstration of structural integrity
¢ Proven successful for military airframes

~ All metallic (low ductility) structures
~ Coordinated with stress analysis and NDE

Often discussed and seldom applied — actual experience limited
Proof testing of ductile alloys (2024 Al) raises ambiguities
~ What is exact measure of fracture toughness?
~ Can ductile subcritical crack extension be damaging?
Effects of proof testing corrosion-damaged material unknown
Response of complex riveted joints, cold-bonded joints, windows, doors, bulk-
heads unknown — only proven for detecting cracks in metallic structures
All structural details not equally critical — “’safe life”” varies with location
Repetitive proof test loading can cause significant fatigue damage

Figure 6 — Proof Testing Issues

133 percent of design limit load, (subsequently
fatigue design operating load) to determinethe
actual life of the elements.

Figure 7 shows some of the configurations
weare testing and I must admit these are very
simple when you consider the complexities of
a fuselage structure: single cracked panels,
panels with multiple penetrations and mechani-
cally attached panels that are part of the test
program. These test panels will be proof loaded
to design limit load and then subsequently
loaded to design operating load which would
be three-fourths of the proof load. In other
words, if you proof load to a level of 1.33, the
subsequent fatigue loading would be to a level
of 1.0.

This is part of the test program that we are
pursuing at the present time to develop a data
base by which an informed decision can be
made concerning the benefits of proof testing.
Weare having continuing discussions with the
various airframe industry participants, as well
as the FAA participants, about the benefits of

that program and intend to coordinate our
activities with those that are being pursued by
the FAA.

The fatigue crack growth prediction meth-
odology program schedule in Figure 8 shows a
number of the issues that are being addressed
and the time interval over which this activity
willbe pursued. The proof test issue s the topic
weareaddressing at the present time, but there
are a number of other activities in the fracture
mechanics analysis; experimental verification
on panels and scaled-up elements, as well as
the integration of the fracture mechanics meth-
odology into a large-scale structural analysis
program.

I will mention some additional aspects of
the fracture and fatigue program later when [
discuss the structural mechanics program and
the computational structural issues, because
these two program elements are integrated
together, along with the NDE, in the total
program.

The scope of the second element of the
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Aging Aircraft Program, structural life predic-
tion and analysis verification, focuses ondevel-
opment of the analytical models to predict the
overall structural response of large pressur-
ized airframes. As part of this effort, we intend
to conduct some tests on prototype structural
elements and subcomponents. We have also
initiated discussions with industry wheieby
NASA would make predictions of structural
performance of large-scale fuselage tests which
would be conducted by industry to verify these
analytical predictions. This activity provides
NASA with an opportunity for us to work with
industry in a cooperative manner whereby our
technology in the fatigue and fracture and
computational and structural mechanics would
be verified through large-scale testing by the
airframe industry.

One approach we use is the local-global
analysis where you go from analysis of an
entireaircraft down to panels with discontinui-
ties, penetrations, elements and attachments in
a logical manner that enables you to transition
the loads from the large-scale structure down
into the loads on the panel element.

The specific issue that we intend to address
in our structural analysis methodology is to
develop stiffened shell models which would be
representative of airframe structures. These
models would include the complexities of the

rames, stringers, intersections and shear clips
and attachments, and would include linear as
well as nonlinear analysis, including geometri-
cal material nonlinearity. Our research will
also identify critical elements which will re-
quirethree-dimensional structural analysis,and
develop analytical models by which we canin-
corporate the fracture mechanics concepts
through adaptive methods so that as a crack
propagates through the structure, the mesh is
adapted to the new geometry.

Figure9illustrates an example of one of the
pressurized fuselage issues, in which there is
an exaggerated view of the radial expansion, il-
lustrating deformations in the frame elements
and perhaps some nonlinear responses in the
thin skin sections.

Figure 10 illustrates the idea of embedding
a mesh surrounding the tip of a crack in the
fuselage skin, so that as a crack propagates, the

meshis reconfigured to make predictionsabout
crack growth and to conduct a fracture and
fatigue analysis on a large-scale structure.

This summarizes the scope of the structural
mechanics program in terms of the fracture
and fatigue analysis and planned testing pro-
gram within NASA. Our program will include
testing of small scale coupons up through biax-
ial testing to some panel testing and perhaps
some small elements in a shell structure test.

NASA does not have the resources or the
facilities to conduct large-scale tests on fuse-
lage structures, and theoptimum way for NASA
to work with industry is to have industry fab-
ricate the test panels and to conduct some of the
panel tests and large scale fuselage element
tests and for NASA to participate in a coopera-
tive manner. Although we have had initial
discussions with some of the airframers, we
certainly would welcome opportunities to dis-
cuss interactions with others withintheairframe
industry.

Anotheraspect of the structural mechanics
program conducted by the Lewis Research
Center is focused on probabilistic structural
analysis methods. In a probabilistic scheme,
you don’t assume that there is a specific pres-
sure level or a specific geometry or perhaps a
specific environment, but that there is a sto-
chastic variability associated with these para-
meters, and their variability is included in the
analysis. And so the stochastics associated with
a pressure level, the defect size and location,
components, the material properties including
not only the metallic, but also the integrity of
bonded configurations and the fastener load-
ing conditions, are parameters that would be
incorporated into the stochastic model. The
approach that we propose is to use the proba-
bilistic model to predict structural response
and verify the model on small-scale test ele-
ments and then apply these results to large-
scale tests.

Anexample of how probabalistic structural
analysis has been used in the past is on the
space shuttle main engine blades. The blades
operateina very complex environmentin which
they experience thermal as well as mechanical
loading, and there are a number of variables in
terms of material properties and blade geome-
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Figure 9 — Pressurized Fuselage

try. Variations in geometry and material prop-
erties are incorporated into the model and a
prediction in terms of the vibration frequency
response, as well asstress levels are computed,
not as single parameters, but as stochastic
variables. This analysis provides an ability to
assess the probability for a given variability of
input parameters of failure.

As [ have mentioned, the fatigue and frac-
ture analysis and structural life prediction ele-
ments have a common focus and the stiffened
shell crack growth analysis is one of the tasks
that would be pursued as cooperative activities
inthesetwo elements. Theassociated testing of
biaxial elements and subcomponent panel
verification using stochastic probabilistic life
prediction models all lead up to large-scale
structural test and verification.

The third element of the NASA program is
the Quantitative Nondestructive Examination
(QNDE) program. A number of NDE activities
are being pursued at the NASA research centers
and include thermal nondestructive examina-
tion, remote sensing, materials characteriza-
tion, as well as assessment of damage and
residual stresses within structures. These are
NDE esearch areas that we have been working
on for some time, and we intend to focus these
capabilities on some elements of the aging
aircraft problem.

The scope of this activity in the near term
will be to transfer to the FAA and industry
some of the activities that we have been pursu-
inginthethermalimagingarea. Wealso intend
to develop a number of laboratory devices
which will enable us to work with the fracture
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Nonlinear Local/Global Modeling Strategy
Local Refined Mesh Propagates With Crack
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® Geometrically Nonlinear Shell Analysis
® Material Nonlinearities At Crack Tip

® Detailed 3-D Stress Analysis For
Fracture Mechanics Applications

Figure 10

and fatigue analysis program to adequately
characterize crack initiation and growth in
complex built-up fuselage structures, and tobe
able to transfer to the field or to industry ways
of economically assessing or characterizing aging
aircraft.

Our program is focused on developing new
capabilities that go beyond the current state-of-
the-art systems available today. NASA’s goal
is to provide a new NDE technology that would
be more economic, havea higher efficiency and
a higher assurance of being able to find defects
within airframe structures.

An example of this research was published
recently in Aviation Week and Space Technology.
The article on aging aircraft showed a panel,
which was supplied to NASA by an airframe
manufacturer, that represented a bonded and

mechanically attached fuselage panel. One ele-
ment of the panel was unbonded and the other
panel was bonded. Because there’s a difference
in the thermal images from bonded and dis-
bonded material, it was possible to detect dis-
bonds in supposedly bonded fuselage structures.

In addition to measuring thermal images,
we are using analytical methods to extract
features from these thermal images to enhance
our detection capabilities. Another example of
thermal imaging research is the ability to take
thermal images of samples under test to make
observations about the damage site initiation
and crack growth and to be able to analyze the
thermal image in order to characterize the
structure.

Figure 11 is a matrix that shows, across the
top, rious elements and structures in an
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Figure 11 — QNDE Technology Matrix

airframe, and along the left-hand side, various
nondestructive examination techniques that
are being explored. The chart indicates a number
of NDE techniques we see as potential applica-
tions for aging aircraft. We are pursuing a
number of these technologies at the present
time.

Anexample of one of the NDEtechnologies
we are developing is a phased array, ora large-
scale ultrasonic scheme, by which it is possible
to examine larger elements of the airframe and
be able to detect crack sites as well as corrosion,
and that provides high resolution and oppor-
tunities for a quantitative measurement through
some signal processing schemes that are cur-
rently being examined. There are a number of
large scale NDE methods such as NDE blan-
kets and concepts that have been applied to
various airframe configurations. We are cur-
rently exploring some of those for application
to aging aircraft.

How the technology that NASA develops
would eventually impact the operational sys-

tems, is presented in Figure 12. We intend to
develop prototype quantitative NDE instru-
ments for aging aircraft, to evaluate proof of
concepts in the laboratory with small scale
airframe components, develop prototype field
instruments and use baseline samples to make
those inspections.

NASA Langley has a Boeing 737 aircraft
that gives us an opportunity to conduct these
inspections on an operational aircraft and then
to move into field test and ultimately transfer
the technology out to the airframers and to the
manufacturers.

Finally, I'll give a synopsis on the NDE in
terms of what our near-term activities are. We
are working o a coordinated program with
the FAA and participating on the FAA NDE
Committee. The three bullets in the lower part
of Figure 12 indicate the specific issues that we
are addressing in the area of thermal NDE.
That includes thermal modeling of lap joints
and techniques to analytically extract features
from the thermal image in order to measure
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and characterize properties of specific samples.
The results of these studies wil permit us to
provide suggestions to the FAA for their ther-
mal NDE testing, and to develop a thermal
imaging technology and transfer capability to
the FAA and industry.

Weare working jointly with theindustry in
this area as well, and Figure 13 indicates our
activities for the FAA.

In the total scope of the NDE program,
there are a number of activities indicated, in-
cludinglap jointinspection methods, detection
of cracks at fastener holes, inspection and ther-
mal modeling analytical methods, as well as
some small scale laboratory experimental
techniques. Thermal imaging and optical dis-
placements are being examined as large field
measurement systems. The residual preload
measurement and load distribution systems
are focused on mechanical attachments and
fasteners that can be instrumented.

And at the lower end of Figure 13 are some
of the longer-term concepts including smart
material sensors in which we would envision

instrumenting elements to provide real-time
feedback from NDE sensors.

Insummary, NASA has initiated aresearch
program in cooperation with the FAA to de-
velop technology for enhanced airframe struc-
tural integrity. I mentioned initially that we
have a memorandum of agreement to address
the three technical areas that I discussed earlier
in the presentation. We also have a memoran-
dum of agreement to work elements associated
with loads and loads measurements. Mr. Terry
Barnes of the FAA will be discussing that as-
pect in some detail.

We have a NASA /industry cooperative
analysis and test program proposed for large-
scale verification test. As I mentioned, we’ve
had discussions with industry to identify
opportunities for us to verify fracture and fa-
tigue analysis as well as NDE methods on
large-scale structures.

The technology transfer methods identi-
fied for NDE, fracture and fatigue analysis, and
structural life prediction are through our inter-
actions withthe ATA, through our discussions
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Figure 13 — NDE Program

with industry and in cooperation with the FAA.  dustry and to identify opportunities for us to
W view this conferenceasa good opportunity ~ work together and transfer the technology being

for us to provide further interaction with in-

developed in the NASA program.
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Session I: Structural Fatigue

CHAIRMAN THOMAS SWIFT

FAA National Resource Specialist

The first session this afternoon is the first
session of the research and development series
of panel discussions and presentations. Ses-
sion I is related to structural fatigue.

With us today are Dr. Ulf Goranson from
Boeing Commercial Airplane Company, Dr.
Pin Tong from DOT Transportation Systems
Center, and Ben de Jonge from the National
Aerospace Laboratory in the Netherlands.

There has been a lot of discussion in this
meeting about the aging airplane program
having beeninitiated by the Aloha accident but
the message I have is that the aging aircraft
program didn’t really start with the Aloha
accident; it started many years ago. I thought
I'd remind you about that fact before we continue.

60




Continuing Airworthiness
of Aging Jet Transports

ULr G. GoraNsoN, PH.D.

Manager, Damage Tolerance Technology
Boeing Commercial Airplane Company

Economic and market conditions have re-
sulted in the use of commercial jet airplanes
beyond their original economic design life
objectives. The average age of the world airline
jet transport fleet has increased from 8 to 12
years since 1980. Standard Boeing practices to
support continuing airplane structural integrity
includeinspectionand overhaul recommenda-
tions contained in maintenance manuals and
service bulletins. As airplanes exceed their eco-
nomic design life objectives, the incidence of
fatigue increases and corrosion may become
more widespread. This presentation is focused
on recent special activities to assess the condi-
tion of the aging airplane fleet and other joint
Boeing, airline and airworthiness authority
reviews of service bulletins, corrosion control
programs, basic maintenance and supplemental
structural inspection programs and structural
repair quality. These initiatives will provide
tirnely preventive maintenance recommenda-

tions that will support continued safe operation
of aging jet transports until their retirement
from service.

Introduction

Boeing continually reviews reported serv-
ice data and other firsthand information from
customer airlines in order to promote safe and
economic operation of the worldwide fleet. The
active service life of commercial airplanes has
increased in recent years as a result of low fuel
costs, and increasing costs and delivery times
for fleet replacements, (Figure 1). Air transport
industry consensus is that older jet transports
will continue in service despite anticipated
substantial increases in required maintenance.
This paper is focused on recent initiatives to
enhance aging airplane safety in addition to
standard Boeing practices to support continuing
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Figure 1 — World Jet Fleet Age

structural integrity by inspection and overhaul
recommendations contained in maintenance
manuals and service bulletins. These actions
include fatigue testing and teardown inspections
of high-time airframes retired from service;
timely development of Supplemental Struc-
tural Inspection Documents applicable to
selected older airplanes; and a 2-year surveil-
lance of 76 airplanes distributed throughout
the world to gain an engineering assessment of
the condition of older Boeing airplanes. Con-
cerns have resulted in Boeing initiatives and
joint manufacturer, airline and airworthiness
authority actions. These actions are focused on
mandatory modificationrather than continued
inspection defined in service bulletins for air-
planes exceeding design life objectives; devel-
opment of improved mandatory corrosion
control programs; reviews of basic maintenance
programs and supplemental structural inspec-
tion programs; and development of guidelines
to determine the adequacy of structural repairs
in relation to damage tolerance and long-term
operation.

Structural Safety

Criteria and procedures used in commer-
cial airplane design over the last three decades
have produced long-life damage-tolerant struc-
tures with an excellent safety record (Figure 2).
This has been achieved through diligent atten-
tion to detail design, manufacturing, mainte-
nance, and inspection procedures. Structural
safety has been an evolutionary accomplish-
ment, and attention to detail design the key to
this achievement. These design concepts, sup-
ported by testing, have worked well due to the
system that is used to ensure that the fleet of
commercial jet transports are kept flying safely
through their servicelife. This system has three
major participants: the manufacturers who
design, build, and supportairplanesinservice;
theairlines who operate, inspect, and maintain
the airplanes; and the airworthiness authori-
ties who establish rules and regulations, approve
the design and promote airline maintenance
performance, (Figure 3). Airplane structural
safety depends on diligent performance of all
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Figure 2 — Commercial Aviation Safety Record

participants in this system and the responsibil-
ity for safety cannot be delegated to a single
participant.

All Boeing jet transports are designed to be
damage tolerant, a principle that has evolved
from the earlier fail-safe principle. On the whole,
service experience with fail-safe designs has
worked very well with thousands of cases where
fatigue and other types of damage have been
detected and repaired. The question being
debated between experts in the industry, is
whether or not the fail-safe design practices
used in the 1950s and 1960s are adequate as
these airplanes approach or exceed their origi-
nal economic life objectives, (Figure 4). Boeing
jet transports are designed for a minimum 20
years of economic operational service. It should
be noted that there is no limit to the service life
of damage-tolerant designed airplane struc-
tures, provided the necessary inspections are
carried outalong with timely repair or replace-
ment of damaged structure or preventive modi-
fications for airplanes exceeding economic design
life objectives. Operational efficiency is im-

pacted by the cost and frequency of repair;
durability may, therefore, limit the productive
life of the structure.

Test Verification

Itisimpractical to conduct verification test-
ing of all critical conditions and portions of the
airplane structure. Analysis methods and al-
lowables are therefore verified by test and the
airworthiness certification substantiated by
analyses. Development and verification tests
comprise small laboratory test specimens, large
panels and major components representing
wing, empennage, and fuselage structure, and
full-scale airframes.

Full-scale static testing of new models is
conducted to verify limitload carrying capabil-
ity and to satisfy certification requirements. In
addition, full-scale fatigue tests are conducted.
The primary objective of these major cyclic
tests is to locate areas that may exhibit early
fatigue problems. The testing is accelerated
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relative to fleet usage with more than 10 years
of repeated load experience completed before
the first revenue flight. This provides timely
opportunities to develop necessary modifica-
tion of details that might exhibit early cracking
and to demonstrate compliance with economic
fatigue design life goals. Additional objectives
of the full-scale fatigue test are to help develop
and verify inspection and maintenance proce-
dures. Full-scale fatigue tests are not intended
to demonstrate “’safe-life”” limits of structures
certified as damage tolerant, nor are they an
alternative to the inspections required for con-
tinued safe operation of aging airplanes. Test-

ing of new airplane structures does not incor-
porate corrosion or accidental damage that can
accelerate fatigue cracking. In addition to new
model fatigue tests conducted prior to service
introduction, similar tests are conducted on
older airframes to gain insight into the prob-
lems that might be experienced on high-time
airplanes with repairs and service-caused de-
fects. These tests provide valuable information
but do not account for typical airplane-to-air-
plane variability.

Atestwascompleted in 1987 onan 18-year-
old 737 with 59,000 service flights, (Figure 5).
The aftbody section was used as a test fixture
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June 1989
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Figure 4 — June 1989 Fleet Status

for damage tolerance tests of the aft pressure
dome and fatigue testing of typical fuselage
pressure structure. Cracking in a longitudinal
body lap splice expanded the focus of the test to
include close monitoring of these monocoque
details. At 79,000 total cycles, corresponding to
24 years of service, multiplesitedamage (MSD)
of approximately 0.09-inch length beyond the
fastener head was visually detected in the skin
at seven upper row countersunk fasteners along
stringer 4R. This equates to a 0.43-inch tip-to-
tip crack, (Figure 6). The cracking pattern after
linkup is depicted in Figure 7 in two similarly
stressed adjacent tear strap bays, either side of
a frame. Approximately one-third of the fas-
teners in the critical row developed cracks. Test
data comparison with crack growth analysis
prediction, assuming a short linkup period
from crack lengths 1 inch to 5 inch, is shown in
Figure 8. The damage detectio period prior to
linkup (*uring which safety inspections are
carried \ at) ranges from 10,000 to 40,000 flight

cycles, depending on lapjoint condition (corro-
sion, disbond), (Figure 9). Following crack
linkup, insulation blankets were installed to
simulate service conditions and prevent obvi-
ous pressure loss. These cracks (and others
developing later) were allowed to grow unre-
paired. The major crack reached a longitudinal
length of 32 inches with three tear straps failed
before achange in crack direction caused ““skin
flapping” and safe decompression at 100,600
total cycles equivalent to about 30 years of
typical service usage, (Figure 10) (7 years with-
out repairs since initial crack detection).
Repairs were made to permit continued
testing of the aft pressure dome to an equiva-
lent of 40 years of typical operator service
usage or 130,000 total pressure cycles. The
crack growth testing of the elliptical aft pres-
sure dome structure followed 90,000 fatigue
pressure cycles including the cycles experi-
enced by theairplane during fleet service. Since
no naturally occurring fatigue cracks were
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Figure 5§ — Retired 737 Aft Fuselage Fatigue Test Article
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Figure 10 — Controlled Decompression of 737 Fuselage Test Article
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detected in the pressure dome by this time, saw
cuts were introduced to simulate large detect-
able cracks in the dome skin lap splices. Five
tests were completed that included four tests of
bay centered radial saw cuts simulating cracks
along the radial lap splices and one test with
two radial saw cuts centered in adjacent bays
along another lap splice. A view of the dome,
pretest stress survey strain gages and saw cut
testing locations can be seen in Figure 11. Most
of the testing was performed in the middle bay
and one in the inner bay of the dome, as these
are the highest stressed regions and the most
likely place for cracking to occur during the life
of the structure. A summary of the tests per-
formed is listed in Figure 12. Tests 4and 5 had
shorter initial crack lengths, but were tested
under the same conditions as tests 1 and 2
respectively. These tests were done to deter-
mine crack growth rates for shorter cracks. The
difference between visible and hidden fastener

rows ina splice is related to the accessibility for
inspection of the structural detail. Figure 13
shows the visible interior aft side of the pres-
sure dome. Hidden fastener row cracks are
buried between the exterior skin in the splice
and the internal radial stiffener. Before testing,
commercial insulation blankets, as used in pro-
duction airplanes, were installed to provide a
realistic air seal. Pressure cycling was stopped
at scheduled intervals to facilitate detailed
inspections and measurement of crack length.
Portable eddy current inspection equipment
wasused todetectand locate the crack tips,and
crack length measurements were made visu-
ally using a steel scale. These pressure dome
tests confirmed analysis procedures used to
determine supplemental structural inspection
recommendations.

The model 747 has now been in service for
over 20 years and a high-time airplane retired
from service was acquired by Boeing in 1988

Pretest
stress survey

Radial
stiffeners

Pressure Dome Structure,
Strain Gage and Test Locations

0.032-in
2024-T42
clad sheet

Crack number
and location

Radial
lap splice
and stiffener

Figure 11 — Pressure Dome Structure, Strain Gage and Test Locations
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737 Elliptical Pressure Dome
Test Summary

Test Test Splice Initial Final Crack growih
number bay row Iensg;vr‘ll,crntch Ieng:ﬁ,c?nch tes! Cr\};des

1 Middle Visible 9.3 19.4 11,800
2 Middle Hidden 9.4 18.1 4,800
A Inner Visible 53 12.6 26,100
’ B Middle Visible 5.3 15.5 19,200
4 Middle Visible 4.3 5.95 29,100
5 Middle Hidden 4.3 4.6 24,300

*80,000 fatigue pressure cycles applied prior to crack growth testing

Figure 12 — 737 Elliptical Pressure Dome Test Summary
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Figure 13 — Radial Stiffener and Crack Locations
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after accumulation of 25,000 short-range serv-
ice flights during 15 years. The fuselage struc-
ture is currently being subjected to pressure
cycling to explore extended fleet usage beyond
the original economic design life objectives of
20,000 flight cycles and 60,000 hours. These
activities are progressing and are scheduled for
completion in 1989 (Figure 14). Upon comple-
tion of fatigue testing, several damage toler-
ance tests are planned and the fuselage will
then be disassembled and inspected by mid-
1990.

Teardown Inspections

Since the introduction of the 707, Boeing
has conducted several teardown inspections
and evaluations of high-time airplanes as a

part of a continuing assessment of airplane
structure. These inspections permit a detailed
examination of structural performance, and
provide much useful information for forecast-
ing future structural maintenance requirements.
Sophisticated inspection techniques, capable
of finding smaller cracks than typically found
during routine airline inspections, are used on
the disassembled structure. Teardowns also
provide an excellent database for calibrating
analysis tools, and for developing structural
modifications on future production airplanes,
if required. Major teardown inspections sup-
plementing normal fleet surveillance activities
have been conducted on several Boeing models:

e 707: wings including center sections, 1965
and 1968
e 707: wing, center section, and fuselage, 1973

Figure 14 — Retired 747 Fuselage Fatigue Test Article
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707: empennage, 1978

o 727 forward fuselage (after fatigue test-
ing), 1978

e 737: forward fuselage, wing, and empen-
nage, 1987

e 737: rear fuselage (after fatigue testing),
1988

e 747: wing and empennage, and fuselage
(after fatigue testing), 1988 through 1990

Recent concerns related to an increased
number of airplanes being used beyond their
original design life objectives have spurred
further activities to obtain airframes, retired
fromservice, for teardown inspections. As was
mentioned previously, a 737 was damaged
beyond economic repair in late 1986 and pur-
chased by Boeing for pressure cycling of theaft
fuselage sectionand teardown, Figure 15. Most

of the structure inspected was found in good
condition with little corrosion. Most findings
on this 737 airframe, with 59,000 flights and
42,000 hours accumulated during 18 years of
service, were in previously known problem
areas. While of no immediate safety concern,
some new findings emerged that have been
corrected in subsequent derivatives and retro-
fit kits made available to operators. The tear-
down activities spanned a 2-year period. A 747
retired from service in 1988 is currently being
disassembled for detailed wing and empen-
nageinspection, Figure 16. The fuselage will be
inspected after completion of cyclic pressure
testing now in progress.

Boeing will continue to monitor the aging
fleet to verify the effectiveness of preventive
modifications incorporated as retrofit on older
models or new model production improve-

Figure 15 — 737 Teardown Site, Before Disassembly
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Figure 15 (Continued) — 737 Teardown Site, After Disassembly

ments. Findings will be disseminated to opera-
tors by service bulletins as required and incor-
porated in maintenance recommendations
issued by Boeing.

Supplemental Structural
Inspection Programs

The continued structural airworthiness of
aging transport airplanes has been the subject
of considerable discussion among experts in
the industry and airworthiness authorities.
Attention has been focused on the adequacy of
inspection programs for timely damage detec-
tion in support of fail-safe design practices
used during the last three decades. CAA Air-
worthiness Notice 89 and FAA Advisory Cir-
cular 91-56 allow structural reassessments,

including recommendations for any necessary
supplemental structural inspections, as an al-
ternative to imposing service life, operational
or inspection limitations. The resulting struc-
tural inspection program supplements existing
operator maintenance programs that generally
have been very effective in maintaining the
inherent damage tolerance of Boeing jet trans-
port structures. Model specific documents
provide inspection options for selected struc-
turally significant items (SSI) that will ensure
timely detection of fatigue damage in older
airplanes. This is achieved, where required, by
use of more refined inspection techniques within
the operator’s existing scheduled maintenance
program, or by supplemental inspections. These
inspection requirements are apglicable to those
high flight cycle airplanes termed candidates
since these are the most likely to experience the
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Figure 16 — 747 Test/Teardown Airplane Disassembly

earliest fatigue cracking in the fleet, Figure 17.
Whencrackingis detected and reported, neces-
sary action is taken to safeguard the total fleet.

The supplemental structural inspection
documents (SSID) for models 727, 737, and 747
werereleased in 1983 and contain usage proce-
dures, lists of candidate airplanes, structurally
significant item (SSI) information with example
maintenance program requirements, and a
discrepancy reporting procedure. The SSID for
model 707 was first released in 1979 but is less
sophisticated in terms of the inspection options
that are provided. The basic information and
approach is, however, similar and several up-
dates have been issued to reflect fleet composition
changes. SSID inspections have been mandated
on selected 727, 737, and 747 airplanes since
1984 and on selected 707 airplanes since 1985.

When a discrepancy is detected in an SSI, it

is essential that timely action be taken to safe-
guard the total fleet. Reported information is
used to establish a threshold and a method and
repeat interval for inspections to find all dis-
crepancies in the fleet. Several structural item
interim advisories (SIIA) and service bulletins
have been issued to ensure proper attention in
the total fleet based on discrepancies that have
been found, Figure 18. The 707, 727, 737, and
747 supplemental structural inspections aug-
ment existing inspection programs and provide
a valuable contribution towards maintaining
fleet safety.

Aging Fleet Survey

Boeing continually reviews reported serv-
ice data and other firsthand information from
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Figure 18 — Significant Supplemental Structural Inspection Findings (1988)
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customer airlines in order to promote safe and
economic operation of the worldwide fleet. As
a result of current fuel costs, and increasing
costs for equipment replacements, the active
service life for commercial airplanes is gradu-
ally being extended. The average age of the
world airline jet transport fleet has increased
from 8 years in 1980 to 12 years in 1989 and,
based on projections from the Boeing fleet
summary shown in Figure 4, this upward trend
in airplane operating age is likely to continue.
In order to further expand existing Boeing
knowledge of aging airplanesand those factors
influencing maintainability of structures and
systems, a 2-year Aging Fleet Evaluation Pro-
gram was itnplemented in June 1986. The spe-
cific objectives of this program were

¢ To gain an engineering as>essment of the
condition of older airplanes with emphasis
on structures and systems.

* To observe the effectiveness of Boeing cor-
rosion prevention features and other corro-
sion control actions taken by the operators.

e Toacquire additional fleet data that will be
used to improve maintenance recommen-
dations and promote improved design of
new airplanes.

Program Participation

A representative cross section of operators
with airplanes approaching the economic de-
sign life obiectives participated in the program.
By September 1989, 80 airplanes from models
707,727,737, and 747 had been observed, Fig-
ure 19. Although a small percent of the active
Boeing fleet, the airplanes inspected represent
about 15 percent of those airplanes exceeding
75 percent of the economic design life objec-
tives in flight cycles. The surveys covered a
wide variety of operating environments and
conditions, and involved 50 operators in 27
countries, Figure 20.

Survey Procedure
Survey teams were dispatched to observe

airplanes during scheduled heavy maintenance
checks. Six experienced structures, systems,

and maintenance engineers recorded their ob-
servations in survey documents unique to each
airplane model and covering up to 350 struc-
ture and 150 system items. Typically, 60 per-
cent to 80 percent of the items were surveyed
since access was not available to all areas dur-
ing the period that the team was on site. The
survey included areview of airline practicesre-
garding airplane usage, r.aintenance program,
and dispatch reliability. The operators were
briefed by the teams on their findings upon
completion of each survey.

All significant findings pertaining to a
specific visit were reported upon return to
Boeing and assigned to appropriate organiza-
tions for necessary action. The collected data
havebeen pooled for fleet evaluations to deter-
mine if there are trends requiring additional
actions by Boeing or the operators. A number
of detailed action items have resulted from the
surveys and their applicability has been re-
viewed across all Boeing models. To ensure
anonymity, all identifiable operator/airplane
data are treated as confidential.

Survey Results

Operatorresponse to the program has been
favorable, with full participation and excellent
cooperation. The survey teams paid special
attention to the condition of structurally sig-
nificant items such as wing and empennage
box structures, major bulkheads, fuselage
monocoque structure and primary systems such
as landing gear, flight controls and avionics.

There have been a number of significant
findings and this presentation will focus on
some of those that relate to airplane structures
and systems. Considerable variation has becn
observed inbothairplane condition and airline
maintenance procedures, such as inspection
intervals and corrosion prevention measures.
The condition of the structure was good in
many cases but considerably below expecta-
tion in a few. As a result of the observed
variation, the following findings are worthy of
note:

* The most significant finding has been the
relatively poor condition of a limited number
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September 1989:
® 80 airplanes surveyed
® 50 operators visited in 27 countries
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Figure 19 — Boeing Aging Fleet Survey Status

Figure 20 — Boeing Aning Fleet Survey Participants
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of the airplanes. The teams observed that
the incidence and extent of discrepancies,
particularly corrosion, was more than would
be expected cn a well maintained airplane.
Thereis evidence that, in these cases, repair
action was not taken in a timely manner.

Figure 21 shows corrosion in a fuselage
stringer on a 707 airplane belonging to a small
charter airline. It can be observed that much of
the cross section has disappeared. Similar
problems were observed at other locations on
the same airplane. The maintenance program
on this airplane was based on flight hours.
Because the annual utilization of the airplane
wasrelatively low,almost 10 years had elapsed
since the previous internal inspection of the
fuselage. Special maintenance programs have
been developed for low-utilization operators
that define appropriate calendar-based inspec-
tion intervals, helping to ensure that corrosion
is kept under control.

Significant corrosion of system items was
limited to control system cables, and usually
only those passing under or near the lavatories.
Minor corrosion, which had no effect on com-
ponent performance, was found on the accu-
mulator cylinders and on some landing gear
hydraulic components. These corrosion prob-
lems are being reviewed to determine if addi-
tional maintenance recommendations are
needed.

Figure 22 shows corrosion in a lower fuselage
cargodoor frameona?727 airplanebelonging to
a major airline with an excellent maintenance
program. The reasons for the extent of the
damage on this airplane cannot be ascertained.
It is, however, apparent that corrosion can
affect all operators, large or small, and that
none are immune. Lower fuselage areas are
particularly vulnerable to corrosion attack since
condensation and spillages naturally tend to
flow to the lowest point on the structure.

Corrosion prevention and control meas-

Figure 21 — Fuselage Stringer Corrosion

78



Uit G. Goranson

Figure 22 — Cargo Door Frame Corrosion

ures must be aggressively pursued to reduce
the need for extensive repair, and to promote
continued airworthiness.

e Most fatigue cracking observed during the
surveys was previously known and action
identified to the operators by means of
service bulletins. While a few new fatigue
problems were identified, none were
immediate safety of flight concerns. Figure
23 shows an example of a fatigue crack on
a fuselage frame of a 737 airplane. This
problem had first been observed on an
aging fleet survey and on the 737 rear fuse-
lage fatigue test within the space of a few
weeks. The same problem has since been
observed by two additional survey teams.
Fatigue cracking has been attributed to the
effects of a stress concentration at a fuse-
lage frame splice. Service actions in the
form of a service bulletin have been devel-

oped and changes to the production line
have been made to eliminate the problem
from new deliveries of the 737 airplane.
The accomplishment of service bulletin
action varies with airline and ranges from
as low as 20 percent to 80 percent. Service
bulletins often give alternative complianc=
procedures in the form of repair or addi-
tional inspections. It was observed that
airlines frequently chose the option to con-
tinue inspection rather than perform the
specified repair action that would permita
return to normal maintenance inspection
procedures and intervals.

Thereis concern over the number of repairs
found in close proximity to each other on
some airplanes. The damage tolerance of
the structure may be impaired in such cir-
cumstances even though each repair may
besatisfactory inisolation. Figure 24 shows
sections from a lap joint on a 727 airplane.
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Figure 23 — Fuselage Frame Crack

This joint has two previous repairs. Further
cracking has occurred in close proximity to
these repairs, leading to additional repair
activity at the same location. Incomplete
removal of corrosion damageduring repair
is also frequently encountered. Unless ex-
treme care is taken during corrosion re-

moval, it is inevitable that the problem will
recur.

In addition, a number of airplanes were
found with improper modifications or re-
pairs. Examples include excessive use of
blind rivets and improper rivet patterns in
primary structure, improper use of screws
to attach repairs in primary structure,
applying sealant or paint over existing
corrosion, and creating knife edges at fas-
tener holes by using countersunk rivets in
thin skins.

Some airplanes subject to short-ter.n ciianges
of owner or operator did not appear to re-
ceive adequate maintenance. Figure 25
shows an example from the fuselage of a
737 airplane that had changed hands sev-
eral times during the last 10 years. It is
apparent from the corrosion and tear strap
disbonding that was observed that little
attempt had been made to maintain the
airplane. Lack of continuity in maintenance
seems particularly prevalent when it comes
to leased airplanes. With the steady in-
crease in leased airplanes in worldwide
service, the average condition of the fleet
could worsen unless steps are taken to

Figure 24 — Multiple Repairs to Fuselage Skin Joint
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ensure that these airplanes receive the re-
quired levels of maintenance. Adoption of
the previous operator's maintenance pro-
gram, which is often the case, may not
always be appropriate, particularly if there
are significant differences in the type of
operation. For example, a maintenance pro-
gramdeveloped fora major carrier with ex-
tensive capabilities may not be suited to a
small, low-utilization operator who lacks
sophisticated inspection equipment.

A few airplanes were found to be out of
compliance with current airworthiness
directives. As an example, H-11 steel bolts
were installed as original equipment on
some Boeing models but were found to be
susceptible to stress corrosion cracking in
service. Appropriate service bulletin and
airworthiness directive actions required that
thesebolts be removed from the fleet. It has
become apparent, however, that stocks of
spare parts are not always purged from

inventory. As a consequence, the H-11 bolts
were found to have been reinstalled on a
few airplanes. The need to remove these
bolts from inventory has been re-empha-
sized. A similar system example is the use
of certain three-phasecircuitbreakersin re-
stricted high-amperage applications. On
several aircraft these breakers have been
observed in one or two positions where
they should have been replaced. Addition-
ally, some system revisions were observed
tobeonly partially installed. These installa-
tions are thought to occur due to line-type
maintenance after original installation. An
example is the 727 ground spoiler hydrau-
lic line installation that was required to be
suitably marked or the fittings revised to
prevent cross-connection of the up and down
ports. Subsequent replacement of one or
more of these tubes, using different criteria,
can negate the required change.

The airplane systems observed are consid-

Figure 25 — Fuselage Corrosion and Tear Strap Disbonding in Leased Airplane
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ered to be generally in good to serviceable
condition. However, portions of some sys-
tems, especially those where performance
of functionis not dispatch-critical, were ob-
served to be in unsatisfactory condition.
Similar discrepancies were reported on a
number of surveys and it was obvious that
these discrepancies existed for a long pe-
riod of time.
Some of these areas are:
—Placards: Placards for flight deck, pay-
loads and service areas were missing,
damaged or faded to the point that ne-
gated the installation. Sometimes, sev-
eral placards in one area were illegible.
—Air-Conditioning Ducts: In several
cases, air-conditioning system distribu-
tion ducts, especially the 727 sidewall
“Y"” ducts, were in poor condition. The
extent of these discrepancies will have a
significant impact on the air-condition-
ing system.
—Cargo Areas: On a large number of
surveys, the cargo door seals were found
to be damaged or deteriorated to a point
that would significantly affect their abil-
ity to limit air exchange to acceptable
rates. Also, the cargo bay floorand liners
had unacceptable penetrations due to
damage.

Although these discrepancies were cor-
rected during the heavy maintenance
check, it is obvious that their condition
had existed for a long time. Maintenance
of these type items should be accom-
plished at intermediate maintenance
points and not allowed to accumulate to
the extent observed.

Design details may restrict accessibility to
certain structures and systems limiting the
frequency of inspection and increasing the
cost to the airlines. Improved access is a
design requirement in later Boeing models
and is being re-emphasized as a significant
issue in future design reviews. For those
areas where easy access cannot be pro-
vided, further improvements in corrosion
prevention measures and fatigue margins
will be made. Other, specific findings are

also under review for necessary action. These
findings address service bulletin and serv-
ice letter recommendations, production line
changes, spares support, customer and
design manual revisions and specific cus-
tomer concerns. To obtain maximum bene-
fit from the program, actions have been
distributed to ensure consistency between
airplane models.

Boeing has committed to a continuation of
the Aging Fleet Evaluation Program with the
objective of expanding knowledge of the ef-
fects of age on jet transports.

Maintenance Actions For Aging
Fleet

Recent aging fleet concerns have resulted
in both specific Boeing initiatives and joint
industry, airline, and airworthiness authority
actions. Boeing formed a special Corrosion
Task Force. In addition, meetings were held
with airline maintenance executives as a result
of the aging fleet survey findings. The confer-
ence on aging airplanes, held in Washington,
D.C.,in June 1988, resulted in the following rec-
ommendations by the airlines and manufac-
turers:

» Continue to use present system of mainte-
nance and inspection with diligence and
thoroughness. Find out why a single air-
plane suffered major structural failure and
adjust system as necessary.

» Initiate research to find better ways to as-
sess structural condition and detect struc-
tural problems.

» Continue to pursue concept of teardown of
oldest airline cirplane to determine struc-
turalconditionand conduct fatigue tests on
older airplanes.

» Pursuetransfer of available body of knowl-
edge of NDTand its application toairplane
inspection.

» Putresearchand development money into
improving NDT techniques and methods.

* Examine all aspects of human factors in-
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volved including training and qualification
of airline inspectors.

¢ Ensure that the communications systems
among airlines, the manufacturers and the
regulatory authorities are adequate.

s Establish task forces from the airlines, manu-
facturing industry, FAA, and NASA to
continuethe work begunat this conference.

Working groups were formed in August
1988 with the charter to foster a consistent
approach to the aging fleet concerns for each
major manufacturer of commercial airplanes,
Figure 26. The task groups for each Boeing
model comprise about 15 airline representa-
tives and Boeing structural specialists. The air-
line members were selected to provide a good
representation of fleet experience with a par-
ticular model. These groups have been meet-
ing monthly in Seattle to:

* Select service bulletins for high-time air-
plane modification based on potential safety
problems, probability of occurrence, and
inspectability.

e Develop directed corrosion inspection and
prevention programs based on fleet data.

¢ Review adequacy of SSID programs in terms
of candidate fleet coverageand inclusionor
deletion of significant structural items.

e Develop comprehensive maintenance rec-
ommendations for older airplanes in the
fleet.

s Assess structural repair quality relative to
long-term operation.

Service Bulletin Reviews

As airplanes age, the incidence of fatigue
increases and corrosion becomes more wide-
spread. Problems are often addressed in isola-
tion during the early service use of airplanes.
Withage, two or more problemsinanareamay
degradeairplanestructural fail-safe capability.
This increases the need to incorporate preven-
tive modifications in areas with known problems.

The criteria for selection of service bulletins
for high-timeairplanemodification were based
on considerations such as:

Industry Aging Fleet Task Groups

FAA/ATA/Manufacturer
Steering Commitlee

: I L
l Working groups @

FAA Umited’'Boeing

FAA/American. Douglas

FAA/Delta/Lockheed-
Airbus-Convair-Fokker-
British Aircraft Corporation

Task groups Task groups Task groups
707 DC-8 — BAC 1-11:USAr
707 DC Y —— Awbus/Pan Am
737 DC-10 —— Fokker/Piedmont
;a7 L 1011, Eastern

L CV-580 'Notthwesl

Figure 26 — Industry Aging Fleet Task Groups
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o Safety problem potential.
High probability of occurrence.
¢ Difficulty of inspection.

A candidate list of service bulletins was es-
tablished by Boeing as a baseline after a thor-
ough review of service bulletins for long-term
operation applicability, Figure 27. These serv-
ice bulletins were reviewed by the respective
working groups for selection of those recom-
mended for terminating actions. The thresh-
olds forthese mandated repairs/modifications
were typically selected as the life goal objec-
tives in flight cycles for fatigue related prob-
lems. Earlier thresholds may be necessary for
items driven by corrosion or stress corrosion
considerations. The resulting service bulletins
for which mandatory modifications are recom-

mended are shown in Figure 28. These selec-
tions were guided by a rating system devel-
oped by working group members to reflect
their own experience. Summary documents of
affected service bulletins have been issued for
each Boeing model. These serve as a reference
for airworthiness directive action by air-
worthiness authorities.

Corrosion Prevention and Control
Requirements

Boeing aging fleet evaluations have shown
that some operators do not utilize a proven
corrosion prevention and control program. If
allowed to continue, this can lead to unac-
ceptable degradation of structural integrity and,
in an extreme instance, result in loss of an

Candidate Service Bulletins
For Mandatory Modifications

Model

BuUeUns
reviewed

Initial
candidates

707"
727
737
747

327
286
189
228

192
81
66
83

Figure 27 — Initial Selection of Service Bulletin Candidates for Mandatory Modifications
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Structures Working Groups

Service Bulletin Review Actions

woso | e | motlea | Qter
707 197 133 [2> 31
727 113 74 15
737 80 56 19
747 83 31 27
> Change inspection interval or method
> Address 80 specific structural problems

Figure 28 — Service Bulletins Recommended for High-Time Airplanes

airplane. The Boeing aging fleet working group
charter therefore included the development of
a mandatory corrosion-directed inspection and
prevention program for each airplane model.

Boeing established a special team of engi-
neers to identify all known corrosion problems
that could affect continuing airworthiness of
the aging fleet and to summarize existing
maintenance recommendations. The following
tasks were accomplished in preparation for
working group reviews:

* Interrogate Boeing data on repeated corro-
sion problems.

» Compile list of known corrosion problems
grouped in general areas for each model,
Figure 29.

* Combine general areas into suitable major
airplane zones based on similarities be-
tween corrosion prevention and control or
inspection access requirements.

¢ Prepare a summary of each major airplane
zone for task group reviews.

Following review, an industrv approach
has been developed. This consists of a mini-
mum baseline program including an implem-
entation plan, thresholds and repeat inspection
intervals for basic corrosion control/preven-
tion tasks. Full details of the tasks will include
inspection, repair, application of prevention
standards and reporting. The thresholds and
repeat intervals are defined in calendar peri-
ods, i.e., independent of flight cycles or flight
hours. Operators who continue to experience
significant corrosion must make appropriate
adjustments to their program to prevent or
control the problem. The priority for imple-
menting the program and alternative means of
compliance will be subject to negotiation be-
tween operators and appropriate airworthiness
authorities.
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Figure 29 — Structural Breakdown for Corrosion Exposure and/or Access Assessment

Although this corrosion control and pre-
vention program addresses the aging fleet, it is
imperative that it is implemented early due to
the insidious nature of corrosion. This means
thresholds of 5 to 6 years for some structures,
Figure 30. These programs define minimum
requirements for continuing airworthiness.
However, additional and more frequent tasks
may be required for an economically balanced
program. Less stringent requirements may apply
to operators with established corrosion pre-
vention and centrol programs that have proven
to be successful.

Supplemental Structural Inspection
Program (SSIP) Reviews

The major issues of the SSIP reviews planned
are:

¢ Adequacy of the present candidate fleet for
fleet leader sampling.

e Inclusion or deletion of significant struc-
tural items.

The candidate fleet formodels 727,737, and
747 were those airplanes that were fleet leaders
at the time of initial Supplemental Structural
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Corrosion Inspection Thresholds
and Inspection Interval, Years
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Figure 30 — Corrosion Inspection Thresholds and Inspection Intervals (Years)

Inspection Document (SSID) releases in 1983.
Boeing periodically reviews the candidate air-
plane list for any significant changes in fleet
distribution, composition, or utilization. To date,
only minor changes have occurred intheactive
candidate airplanes subject to SSID compli-
ance. Although some noncandidate airplanes
haveovertaken candidate airplanes in terms of
flight cycles, less than 10 percent would be
affected in a simple replacement of candidate
airplanes with noncandidate airplanes having
higher flight cycles.

Some Structurally Significant Items {(SSIs)
were not incorporated in the SSIDs based on
obvious damage containment capability pro-
viding damage detection without directed in-
spections. Recent concerns on the extent of
corrosion that has been observed and the prob-
ableinteraction with fatigue damage warranta
detailed review to determine if any additional
SSIs should be included in SSID updates. Thin

gauge fuselage lap splices are an example of
this category of structure.

Another class of SSl is selected on the basis
that the primary crack origin is in the most
difficult area of structure to inspect, for ex-
ample, internal structure. Cracking is assumed
to spread into adjacent, external structural
elements that are more readily inspectable.
Detection of a crack in the adjacent element
should lead to a thorough investigation of the
extent of damage, and as a result, the primary
crack origin should be detected. One such
exampleis fuselage frame cracking with secon-
dary skin cracking. However, experience has
shown that multiple frame cracking can occur
prior to any significant external secondary skin
cracking.

Inspection for Multiple Site Damage (MSD)
is a key consideration to ensure structural in-
tegrity of areas with numerousidentical details
operating at similar stress levels. Full-scale
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fatigue testing of aging airplane structures has
demonstrated that rapid linkup in local areas
may occur (test verification) and analysis crite-
ria based on this behavior, developed since
original SSID releases, will be used as part of a
review of SSI coverage.

Old Airplane Maintenance Programs

Comprehensive maintenance program
guidelines acceptable to the airlines, air-
worthiness authorities and Boeing do not exist
that properly address older airplanes in the
fleet. The Supplemental Structural Inspection
Program, for example, addresses one issue,
namely fatigue cracking, in isolation. It is also
perceived that maintenance intervals on older
airplanes should be reduced as a function of
age. Some sampling inspection programs should
be revised or there should be a reversion to full
fleet inspections. An activity is in progress to
review existing recommendations with a view
to resolving these deficiencies.

Structural Repair Quality

Major repairs are performed and validated
based on existing FAA approved data such as
service bulletins (SB) and structural repair
manuals (SRM) or require new substantiating
data approval by Designated Engineering
Representatives (DER), repair approval author-
ity (SFAR36) or other means. Aging fleet con-
cerns have been raised about the quality of
repairs with regard to damage tolerance rela-
tiveto long-term operation. Repair evaluations
will be focused on damage tolerance analyses
of typical major repairs of significant structure,
particularly involving patches orsplices. These
evaluations will provide recommended man-
datory inspection requirements in terms of
methods, thresholds, and repeat intervals. The
airplane operators will complement this activ-
ity by documenting major repairs, based on
visual inspections and airplane records, within
a specified time period for external repairs and
when areas are accessible for any reason for
internal repairs. These repairs will also be veri-
fied to be in compliance with FAA approved

data, or have DER or SFAR36 approval on an
individual basis.

A parallel activity to provide guidance
material to classify major repairs has been
addressed by a joint industry/operator task
force. Guidelines in the form of a logic system
will be provided in Air Transport Association
report (51-10-01). Application of the guidelines
will exempt air carriers from the criteria for
major repairs (FAR Part 43 Appendix A).

Summary

The Boeing Company is dedicated to design
and manufacture safe commercial jet trans-
ports. The successful discharge of this respon-
sibility over the last three decades, Figure 31,
has contributed significantly to a position of
industry leadership and reflects the top prior-
ity given to safety. This paper illustrates that
assurance of the structural integrity of com-
mercial airplane structures is a very serious
and disciplined process. High standards must
be maintained to ensure the safety of aging
airplanes until ecoromics dictate their retire-
ment. Standard Boeing practices to oversee the
continuing structural integrity of the commer-
cial fleet include:

e Structural maintenance programs that
recommend airline inspection and over-
haul requirements.

e Ongoing communication between field
service representatives and the customer
support organizations.

» Formal notification to airlines of additional
recommended actions through service let-
ters, structural item interim advisories and
service bulletins.

To help identify potential problems asscci-
ated with the aging jet transport fleet, Boeing
has four other special activities:

e Supplemental structural inspection pro-
grams that require airlines regularly to
inspect structurally significant items on
selected older airplanes and report defects
to Boeing for prompt fleet action.
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Boeing Fleet Support Actions
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Figure 31 — Boeing Fleet Support Actions

Teardown of older airframes to help iden-
tify corrosion and other structural service
defects.

Fatigue testing of older airframes to deter-
mine structural behavior in the presence of
service-induced problems such as corro-
sion, repairsand loose or missing fasteners.
An engineering assessment of the condi-
tion of a representative sample of older
Boeing airplanes in the fleet to observe
effectiveness of corrosion prevention fea-
tures and to acquire additional data that
mightimprove maintenance recommenda-
tions to the operators.

Recent aging fleet concerns have also re-

sulted in joint industry airlines and airworthiness
authority actions. Special task forces consisting
of representatives of airlines, Boeing and the
FAA have been assigned the following tasks:

The selection of service bulletins for which

suggested modifications should be made
mandatory at some threshold.

e The development of mandatory corrosion
inspection, prevention, and repair programs.

¢ Reviews of the supplemental structural in-
spection programs for completeness and
clarity.

¢ Thedevelopment of comprehensive main-
tenance guidelines for older airplanes in
the fleet.

e The development of guidelines to deter-
mine the adequacy of structural repairs in
relation to damage tolerance and longterm
operation.

Theseinitiatives, guided by ajointindustry
steering committee, will provide timely pre-
ventive structural maintenance recommenda-
tions. These will permit continued safe operation
of aging jet transports until their retirement
from service.
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Sixteen months ago at the first aging air-
plane conference, the Federal Aviation Ad-
ministration and the aeronautics industry made
acommitment to carry out research and devel-
opment necessary to maintain the structural
integrity of the older transport category airfra-
mes which continue in service. (“Proceedings
of the International Conference of Aging Air-
planes”, DOT-TSC-FA890-88-26, June 1--3, 1988).
The private sector and the public sector both
went quickly into action, in response at least in
part to the recent in-flight structure failure in
the N73711. The plane in Figure 1 is a Boeing
737, owned and operated by Aloha Airlines.

My prepared remarks today will address a
major element of the FAA programs: research
to understand the behavior of multiple site
damage, in short MSD, how to find MSD dur-
ing airframe inspection and how to avoid MSD
in future designs. Under each of these head-
ings, I will try to summarize what has been
done and what is planned.

IdefineMSDas a group of small cracks that
appear in the airframeabout the same timeand

that originate from similar structure details
near one another. After some period of stable
crack growth, the MSD still consists of small
cracks similar in size or may consist of a large
crack growing toward a group of small cracks.
Neither situation is specifically addressed in
the current damage tolerance requirements for
transport category airplanes. (FAR 25.571 and
FAA AC 25.571.1, Military specification, ““Air-
plane Damage Tolerance Requiemenrs,” MIL-
A-83444 (USAF), 1974.) Those requirements
consider only the isolated cracks which consti-
tuted the airframe service fatigue experience
base up to the mid "70s.

Post-accident photographs of the N-73711
fuselageshow the presence of MSDinlocations
adjacent to or similar to the location where the
in-flight failure originated. Special inspections
following the N-73711 accident have revealed
MBSD in other airframes, including models other
than the Boeing 737. Also, retrospective con-

sideration of the 1983 failure of the special

repairintheJAL-747 aft pressure bulkhead and
earlier Air Force assessment of the widespread
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Figure 1 — Aloha Airlines N73711

cracking limits of the original KC-135and C-5A
suggest that MSD can occur in highly stressed
airframe components other than the fuselage.
Thus, we must assume that MSD may not be
isolated to one model or one manufacturer, but
has the potential to appear anywhere in the
nation’s older fleet. (See Figure 2.)

Understanding MSD Behavior

To meet damage tolerance requirements
requires an understanding of the behavior of
any crack or group of cracks such as the detect-
able and critical sizes. Detectable size, defined
as the largest crack size likely to escape detec-
tion, depends on the inspection method, proce-
dure, inspector skill level and other human
factors. The critical size is defined as the small-
estcracksize(s) that would precipitate unstable
fracture when subjected to expected flight load
stresses and the number of flights and flight
hours of slow crack growth between these
limits.

On the practical side, there is also a need to
identify those aircraft and structural details
which have significant potential for MSD. Several
research efforts on these topics are in progress.

Fleet Data Bases

One of the activities is to establish a data
base containing the information for character-

Figure 2 — Multiple Site Damage in N73711
Photographs of several rivet details in two areas
of the N73711 fuselage adjacent to the in-flight
failure area. Several MSD cracks are visible.
(Photographs courtesy of T. Swift, FAA))

izing the aging fleet. The potential for MSD in
existing aircraft is evaluated by means of airframe
inspection. To be practical, however, such in-
spections should fit into the airlines’ estab-
lished schedule for D-check. A fleet data base
will help the FAA to prioritize the special in-
spection efforts and integrate them with the
airlines’ schedules.

To date, research has concentrated on ap-
proximately 5,000 transport category airplanes
currently operated by the nation’s major air
carriers. A current inventory has been pro-
duced by airplane type, serial number, flights,
flight hours and so on. These are the basic
elements of information required to group the
aircraft in age categories. (See Figure 3.)

Additional information will be needed to
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Figure 3 — DC-9 Fleet Age Status
The data reflect the fleet as of October 31, 1988. The DC-9 design goal was 45,000 landings, each
assumed to represent a maximum service pressure cycle on the fuselage.

further group these aircraft in subcategories
relating to MSD potential. The additional ele-
ments include model and sub-model (down to
the level of significant differences in the pri-
mary structure) and, for each individual air-
plane, a history of its major repairs and the
implementation of major structural AD and
service bulletin actions. (See Table 1.)

Other existing data bases such as the Serv-
ice Difficulty Report (SDR) and aviation safety
analysis system (ASAS) are being searched for
these kinds of information. Currently, the ATA
has an Airworthiness Assurance Task Force
which has formed various committees to look
into data analysis problems. The Transporta-
tion Systems Center (TSC) is a participant on
the subcommiittee to define thedata formatand
what data is required for analysis.

In the coming years, the data base develop-
ment will also be extended to the commuter

aircraft. Preparation is underway for a prelimi-
nary survey of the commuter fleet by a team of
independent experts. The objective of the sur-
vey is to identify those models that may have
sufficient potential for cracking to warrant
implementation of a SID program. Over the
next six to nine months, the expert team will be
visiting about 17 manufacturers to review about
59 aircraft models for this purpose.

Tear £t p Effectiveness

Anot>-  area of research is to examine the
effectiveness of tear straps. The ability of tear
straps to contain fuselage fracture precipitated
by MSD linkup is of great concern. The trans-
port fuselages in service today are damage
tolerant in the meaning of the term as estab-
lished by two decades of design practice.
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Table 1 — Aging Airplane Fleet Data Base

(Thomas Swift, “Damage Tolerancein Pressur-
ized Fuselages,” 11th Planterna Memorial
Lecture, 14thsymposium of the ICAO, Ottawa,
Canada, June 1987). Specifically, these structures
are able to contain up to a two-bay fracture at
110 percent of design maximum pressure. In
other words, the damage tolerance require-
ment really is focused on protection against
isolated damage. (See Figure 4.)

The objective of the present research is to
determine how effectively tear straps can con-
tain a fracture in the presence of MSD. The
general scenario assumes a fracture resulting
from a linkup of a group of MSD cracks. The
fracture in this case lies along a skin splice,
rather than in the middle of the bay, as is
usually assumed in present design practices.
Inthe MSD scenario, the fracture is assumed to
be advancing toward adjacent bays which
contain additional MSD cracks. (In broad out-
line, the scenario resembles the adjacent panel
cracking considerations raised during Air Force
structural integrity assessments of the C-5A
and C/KC-135 wings.)

The subject of tear strap effectiveness will
be investigated by means of full-scale compo-

nent tests. A special fixture presently under
construction (Figure 4), will accommodate
curved panels which are 66 inchesin circumfer-
ence by 120 inches axially. The fixture will be
able to subject the panels to pressure loading,
plus small amounts of shear and/or bending.
Over the next few months, several simulated
MSD fracture tests will be performed on this
fixture. (See Figure 5.)

Improved Analysis Methods

Another area of research is to improve
analysis methods. Fracture analyses of stiff-
ened panels have been used io correlate test
data and predict design performance over two
decades. The models most widely used for
these analyses are based on the so-called dis-
placement compatible method (Thomas Swift,
“Damage Tolerance in Pressurized Fuselages,”
11th Planterna Memorial Lecture, 14th sympo-
sium of the ICAO, Ottawa, Canada, June 1987)
by our chairman, Tom Swift, and others.

But recent work has shown that advanced
finite element methods (P. Tong, “A Hybrid
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Finite Element Method for Damage Tolerance
Analysis,” Computers and Structures, Vol 19,
No 1-2, pp. 263-269, 1984) can provide equal or
better results more efficiently. Both the panel
displacement method and the finite element
methods are able to model realistically the con-
struction details such as stringers and frame
offsets, load transfer throughrivets, load trans-
fer through bond and fastener or bond flexibili-
ties. The ability to do so is the result of years of
research effort. This model’s ability carries over
to the MSD situation because the basic struc-
tural details do not change. (See Figure 6.)
Conversely, the ability to model the curva-
ture of the fuselage panel requires further re-
search to make the extension to MSD, because

the curvature interacts with cracks to affect
properties such as fracture resistance. Flat panel
models must, therefore, be empirically cali-
brated by comparison with curved panel tests
in order to predict fracture resistance and cor-
rection factors. The correction factors previ-
ously developed are valid for single bay cracks.
To establish similar factors for MSD would
require equally extensive testing.

The research objective in this case is to
develop better analysis methods to account for
curvature effects based on established prin-
ciples of mechanics. The field of computation
mechanics has advanced considerably since
the flat panel models weredeveloped. Itis now
possible to apply these advances to develop a
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curved panel model. The type of behavior which
can now be incorporated in the model includes
bulging near the cracks and plastic collapse.

The development of curved panel models
was started recently, and preliminary results
should be available in one year. Curved panel
fracture resisiance analysis will still require
checking against test results. However, model
validation should proceed rapidly because of
reduced dependence upon the empirical corre-
lation.

Basic Fracture Resistance

Another element of research is to define the
fracture resistance characteristic. A better un-
derstanding of the basic fracture resistant
property is required in order to predict the re-
sistance of a panel to MSD linkup. Panel frac-
ture predictions are currently made by means
of R-curve methods, which account for the fact
that a crack in the thin ductile skin can extend
at stress levels below the fracture stress. The
data from which the R-curvesarederived come
from tests of wide panels containing large ini-
tial cracks. These results are applicable to con-
ventional damage tolerance assessments, but
recent calculations based on the N-73711 acci-
dent suggest that MSD fracture resistance
estimates based on the conventional R-curve
are not conservative.

Therefore, laboratory test programs have
been started to investigate the possibility of
deriving the special R-curve for MSD situ-
ations. The objective of a better understanding
for the MSD situation should be obtained in
about one year. (See Figure 7.)

How to Inspect for MSD

Just as Ulf Goranson showed in one of his
figures, there is no reason why a modem airframe
should not continue to be flown indefinitely,
provided that it is properly maintained and
inspected. I think the last part of the statement
is the key phrase, when we come to consider
the implication for aging airframes with MSD
potential.

Preliminary tests and the calculations based
on the N-73711 experience show that MSD
must be detected at very small crack lengths
and in much shorter time than an isolated long
crack,if MSD /s to be found and repaired before
linkup and fracture occurs.

The detection requirements for MSD basi-
cally precludereliance on the visual inspection.
The only alternative which has been reduced to
practice in the airlines’ maintenance shop and
repair stations involves use of hand-held eddy
current probes. The eddy current method, as
weall know, is tedious to apply and can lead to
human factors problems.

Nondestructive Inspection

Better nondestructive inspection (NDI)
methods must be sought to arm the airlines
with procedures that are both proper and eco-
nomical for MSD. The FAA and NASA have
been pursuing complementary programs in
the NDI area. The details of this program will
bediscussed inasession specifically devoted to
NDIL

ButI want to discuss an alternative to NDI,
the so-called pressure proof test. Proof testing
was recently proposed as an interim means to
protect the safety of certain older airframes
which are deemed to have high MSD potential,
until terminating actions specified by air-
worthiness directives have been taken on those
airframes. The proposal calls fora one-time test
in which a fuselage would be pressurized to
1.33times its maximum design pressure differ-
ential.

Proof testing is designed to eliminate the
uncertainty of NDI. If the structure does not
fail, when loaded to the proof test level on the
ground, then fracture mechanics canbe used to
evaluate a safe interval for further flying be-
cause passing the test establishes a precise
upper limit on thesize ofany cracks which may
be present.

The concept iscertainly valid at large ratios
of proof load to maximum service load, but
froma practical point of view, theratio has tobe
limited by the need to avoid the damage to
adjacent structures during the test. Also, stable
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crack extension or even MSD linkup without a
large fracture during the test may not give any
obvious signs that something has happened.

The FAA is evaluating the fuselage pres-
sure proof testing proposal. An analytic damage
tolerance assessment was recently completed
and is being reviewed by the oversight group
on aging aircraft.

Curved panels will also be fabricated for
experimentation on other aspects of the ques-
tions raised about proof testing structures with
MSD. The proof test evaluation work is ex-
pected to be complete in four months.

How to Design for MSD
Resistance

Besides responding to the problems associ-
ated with MSD potential in the existing fleet,
the FAA research program also has the objec-
tive of fostering improvement of design and
fabrication practices to avoid MSD in the fu-
ture. The goals apply to repairs as well as to
new design.

A conceptual model has been developed to
provide a quantitative ranking of the MSD po-
tential of competing design and details. The
research will be continued in the direction of
experiments in which MSD is induced in simu-
lated design details. The development is ex-
pected to take 18 to 24 months.

Repair Practices

Another aspect of the research concerns
repair. Many major repairs to airframes are
designed to be installed by the airline mainte-
nance repair station personnel. The repair
designs generally have static strength equiva-
lent to the original airframe’s static strength.
Such repairs can induce subsequent fatigue
damage in adjacent areas unless they are de-
signed for damage tolerance as well as static
strength. However, the maintenance organiza-
tions are not equipped to conduct elaborate
damage tolerance assessments. The research
objective in this area is to provide a handbook-
type of guideline for damage tolerance repair
design. Fracture mechanics analyses of typical

Figure 7 — Simulated MSD Coupon Specimen

repairs will be used to identify critical design
variables and their damage sensitivities. The
analyses will be validated by means of flat and
curved panel tests. The validated models will
then be used to produce design charts for the
handbook. The target date for completing this
handbook is October 1992.

A part of the activity will also examine the
question of whether terminating actions such
as specified in the 737 fuselage splice AD are
fully terminating. It has been suggested that
fatigue cracking might reappear in a repair
splice (perhaps at the fastener row not in-
volved in the original MSD).

The question is open, of whether reappear-
ance of MSD should be expected in the remain-
ing service life of the airplane. Tests of flat
panels simulating pre-AD service, the repair,
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and post-AD service will be conducted to an-
swer this question. Results are expected in
about 18 months.

Concluding Remarks

The present research effort is directed by
the FAA Technical Center and the key staff of
the research team at TSC, including Dr. Orrin-
gar, Dr. Sampath, and Mr. Bobo. The work is
also supported by many independent experts
including the Technical Oversight Group on
Aging Airplanes (TOGAA) and other research
organizations such as FractuREsearch, Foster
Miller, ADL, Battelle, SRI, and several
universities.

The FAA research on aging airplanes, par-
ticularly MSD, is fast-paced and realistic. It

addresses a major issue which was raised by
the N-73711 accident. We hope that industry
will study the program results, as they are
developed, and take the final step to reduce
thoseresults to practice for specificdesignsand
maintenance actions.

We invite you to hear the first detailed
report on results at a symposium on structural
integrity of aging airplanes, sponsored by the
FAA Technical Center, and which will be hosted
by Georgia Tech in Atlanta, Georgia, on March
2022, 1990. The symposium will cover the
topics of mechanics of MSD, damage tolerance
of structures with MSD, structural integrity of
commuter airplanes, effects of corrosion on
structural integrity, repair, maintenance, life
enhancement schemes and life prediction meth-
odologies.




Proof Testing of Pressure Cabins

J. BEN DE JONGE

Netherlands National Aerospace Laboratory (NLR)

I would like to give you a brief review of
research on the topic of proof testing that is
currently carried out at our laboratory under
contract with the Civil Aviation Department in
the Netherlands. Iwould alsoliketo giveabrief
statement of the reasons why one might con-
sider proof testing of pressured cabins. I will
discuss briefly some of the associated prob-
lems, potential problems, and the open ques-
tions there are, followed by a review of NLR’s
test program that we have carried out in the
beginning of the year.

Why consider proof testing? As has been
brought up on several occasions today, the
aging aircraft cabin structure is prone to mul-
tiple site damage because of the repetitive nature
of the structure itself, the uniform loading of
that structure, and also the relatively low number
of load cycles for which the structure is actually
designed to, 100,000 cycles, make it a kind of
low-cycle fatigue that is associated with rela-
tively little scatter. For that reason, you may
expect multiple site damage.

It is clear that the inspection for multiple
site damage becomes increasingly difficult,
complicated and expensive and these are rea-

sons why one might consider the usefulness of
proof testing as an alternative inspection method.

Proof testing cannot be called a non-
destructive testing method, but it is not a purely
destructive testing method either. It is a very
peculiar type of testing. It saves good struc-
tures and it destroys the bad ones. But, fortu-
nately, it does that on the ground and notin the
air, and that is an essential point.

Actually, the cabin is well-suited for proof
testing in the first place. The proof loading and
its normal maximum is well defined. Loading
is relatively easy. You only need a pump and
perhaps a piece of rope to bind the valves.

Andasanadditionaladvantage, proofload
may considerably retard or even stop the growth
of existing cracks. We will come back to that
later.

However, there are a number of associated
problems and questions, (see Figure 1). In the
first place, one might consider the possibility
that rather than retarding the crack, you may
also have a crack jumping, a static crack exten-
sionduring your proof loading so that after the
proof loading you have actually a more dam-
aged structure than before the proof loading.

99




Second Annual International Conference on Aging Aircraft

Problems and Questions

s Static crack extension
Introduction of new damage or new
damage initiation points

— Original structure

- Repairs and modifications

¢ Effect on cold worked holes?

= Damage to corrosion protection?

Cracking of anodizing layer

Determination of proof test level and proof
test frequencey

Figure 1 — Problems and Questions

One might questicn whether the proof load-
ing itself might introduce new damage or new
damage initiation points, and I think there we
have to make a distinction between original
structure and repairs and modifications. I make
this distinction because the original structureis
proofloaded. Every aircraft cabin structure has
been proof loaded after its production, before
delivery. So every structure has seen 1.33P and
it is not dangerous to repeat that condition
somewhere intheairplane’s life if the structure
has seen already that amount of loading.

Thereisadifference perhapsinrepairs,and
by that I mean bad repairs or poor modifica-
tions that might be damaged by proofloading,
but one might ask whether it’s not an interest-
ing observation then to do such a test and find
that the modification was a poor one. If it was
poor, you might expect fatigue trouble in that
area in the near future anyway.

There are a number of other questions you
might put forward. What would be the effect of
the proof load on cold worked holes? Might it
reduce its enhancing effect? What damage could
be done to the corrosion protection system?
And, associated with that, could it cause crack-
ing ot the anodizing layer for corrosion protec-
tion? The cracking of the anodizing layer might
cause fatigue initiation in itself. These things
havetobeconsidered, and are worthwhile con-
sidering in more depth.

Another aspect is the effect of the proof test
level and the proof test frequency on subse-
quent crack growth, specifically if there is the
potential for retardation of the crack growth.

Figure 2 schematically illustrates the prin-
ciple of prooftesting. Here you have the correct
growthcurveand theuppercurveindicatesthe
decrease in strength with growing crack size.
Suppose that the failure occurs at this crack
length (Point A). The strength would have
dropped to the proof pressure level, whereas
you would need a crack of that length (Point B)
to fail the structure under normal pressure.

But that is only one aspect. Because of the
proof load, you might have a considerable
retardation. The crack grows slower and you
have much more time available before you
have to repeat your proof loading.

In order to get some indications and quan-
tification of the potential retardation, and to get
an idea about the potential hazard of the crack
jumping, the NLR started a pilot test program.
I will give you some information about that
program now. (See Figure 3). We carried out a
simple pilot test program on a specimen con-
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Specimen
Row of open holes in 1mm sheet
Central hole with saw cuts
Loading
- C.A.loading, R=0.1
— Apply first overload when half crack
length = 10 mm
— Repeat overload after number of
cycles
Variables
— Stress level at P: 100 MPA and 120
MPA
Overload level: 1.33 Pand 1.50 P
Overload frequency: once per 10,000,
5,000, 2,000 cycles

Figure 3 — Pilot Test Program

sisting of asheet, showninFigure4.Itisa 2024-
T3 sheet, 1 millimeter thick, with five open
holes, a pitch of 20 millimeters, and you can see
the central hole was provided with little saw
cuts as crack starters.

That is the specimen, and on that specimen
we did a number of tests. Constant amplitude
loading and then the application of an overload
when the half crack length had reached a length
of 10 millimeters, and then we repeated that
overload after a number of cycles.

We had a number of variables. In the first
place weapplied twodifferentstresslevels. We
investigated two overload levels, the 1.33P that
has been mentioned before and a higher one,
the 1.5P level. And we varied the overload
frequency. We considered 10,000, 5,000, and
2,000 cycles followed by a repetition of the
overload.

Figure 5 shows some results of the 1.33P
condition. Weapplied the first overloads when
the crack length was 20 millimeters, the half
crack lengths of 10 millimeters. The result for
theoverloadafter 10,000cyclesand 5,000 cycles
and 2,000 cycles is shown. And you will notice,
specifically in the case of repetition of the over-
load every 2,000 cycles, there is a tremendous
retardation of the crack growth.

SAW CUTS
| AN
? o © Q e}
'L‘axzo MY & = 4 MM

i

16 MM

ALCLAD 2024-T3, 1 MM d

Figure 4

To be specific, in the no overload condition
the crack ran into the outer holes after about
18,000 cycles, whereas with an overload every
2,000 cycles, youhad to go inthe order of 64,000
cycles.

The same type of result is shown in Figure
6 in the case of the overload of 1.5P, and there
the retarding effect is considerably stronger.
The life goes up to 180,000 cycles at the over-
load of 1.5P at a frequency of 5,000 cycles. And
we didn’t try here to do it every 2,000 cycles.

Figure 7 shows the highest stress level,
120,000 cycles, and you see the comparison
between no overloads, the 1.33P and the 1.5P
cases, and again you see that you have more
retardation if you have a higher overload. In
the case of the 1.33P you have considerable
retardation in the order of a factor of 2 com-
pared to the no overload case.

Figure 8 is a summary of the results. In the
caseof nooverload, you had crack growth from
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Figure 8 — Overview of Main Test Results
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10 millimeters to 42 millimeters, in the order of
19,000 cycles, and that increased with over-
load. And the more often you apply the over-
load, the more retardation you have. If you
apply an overload every 2,000 cycles it results
in a considerable increase in retardation.

I have to stress, of course, that these are
very preliminary results. This was a very unre-
alistic configuration, just open holes, but I wanted
to give you some feeling about the amount of
retardation that can be expected. And with
regard to the crack jumping, we did not ob-
serve any at all. You might have seen that also
from the figures. The way the crack ran into the
next hole was not influenced by the proof
loading at all.

Theresults of this elementary series of tests
showed important retardation due to over-
loads and no static crack extension was ob-
served. We feel that these test results justify
furtherresearch in the viability of prooftesting.

At NLR we have plans to continue this test
program in the near futureand we intend to do
tests on more representative configurations
such as riveted lap joints of larger-scale with
natural crack initiation to include real multiple
sites damage situations, and in those condi-
tions we would again investigate the effect of
proof loading on the retardation effect.

The next step will then be to investigate,
and to do the same type of tests by actual
loading to see whether that has any influence
which could be the case. Then there is the
possibility to extend that testing to the condi-
tion of curved panels under biaxial loading,
with pressurization.

That’s enough about the test program. I
would like to say a few things about the proof

test level. Our design limit load is 1.33P, and
the design ultimate load is 2.00P. With regard
to the fail-safe load, there is little difference
between the FAR requirements and the JAR
requirements. And every new cabin is proof
tested up to 1.33P. I understand that that’s
standard practice, although it’s not actually in
the requirements.

We have to keep in mind that we expect
every undamaged structure to be able to with-
stand the ultimate load or to withstand 2.00P.
We also say, and it came up also in Ulf Goran-
son’s presentation, whenever damageis found
in a structure that might reduce the strength
below ultimateload, orin this case below 2.00P,
we must effect repairs. And in any case, it’s
normal practice that we expect every structure
to be, in all conditions, able to withstand the
limitload, and, in this case that would be 1.33P.

If you consider these things, you would say
there is no reason to be afraid of applying, now
and then, that 1.33P load to your structure just
to show that it is able to withstand what you
expect from the structure.

Proof testing may offer an interesting alter-
native to other inspection methods. We feel
that our pilot test results support its potential
usefulness, and we feel that further investiga-
tions are required to get the answer to the
potential problems that we defined.

My recommendation is to try and coordi-
nate the worldwide Ré&D efforts on this subject
so that we do not repeat or carry out the same
tests. Let’s try to find some coordination in this
area. [ think the results should become avail-
able as soon as possible as we might need that
type of alternative test procedure.
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CHAIRMAN TERENCE J. BARNES

FAA National Resource Specialist

Iamhonored to bechairing thissessionand
am pleased to present three very qualified
speakers for you today. Tom DeFiore of the
FAA Technical Center will be followed by
NASA’s Norm Crabill. The third presentation
willbe by Bende Jonge whospokeyesterday in
Tom Swift’s session.

Since this year the specialist sessions are
running sequentially, so all the conference at-
tendeesarcabletobe presentatall thesessions.
Forthisreason,and because thisis the first time
that we have had this subject, “Loads,” I've
elected to take just a few minutes to explain
exactly what we are doing in this session.

As you will hear from Norm Crabill later,
we had a NASA program which was abruptly
stopped in 1982. (This is probably a good point
to tell you that in this program we’re not actu-
ally going to measure loads. We're actually
going to measure more measurable items such
as altitude, speed, CG acceleration, et cetera.)

What we are planning to do now is to build

onto the early data base that we had, which was
pre-1982. The data base was mostly pre-jet and
mostly pre-deregulation.

We have the potential, after collecting the
data, to improve our design criteria.

It's possible that we may be able to deter-
mine more precise inspection requirements.
We can validate our test spectra and some
other items which are fallouts of this type of
program, and we can avoid operating airplanes
in particularly severe environments, if this is
possible. Furthermore, we have the opportu-
nity to investigate flight incidents that may be
abnormal.

Figure 1 is included so that everyone can
understand how we plan to get reliable loads
data from relatively simple measured parame-
ters. I'd like to point out that the key to this
whole process is actually in the hands of the
manufacturer.

When we look at design loads, we first get
design flight load condition data. Airplane speed,
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LOADS DEVELOPMENT
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Figure 1 — Loads Development

altitude, weight, fuel, et cetera. These parame-
ters are fed into the loads program. In addition
to the program, there are detailed data that the
airplane manufacturer has.

With that, we get design loads. It is there-
fore possible to take any flight condition data
— the same parameters such as speed, altitude
and weight — run those parameters through
that same program, and get flight condition
loads. This is why we will be monitoring data
and then handing the operation of actually
calculating theloads to the manufacturer using
this critical group of loads programs and indi-
vidual airplane data.

Aslpointed out, the key to this whole proc-
ess is the validated loads program that the
manufacturer has.

To validate theloads program westart with
the ground calibration of the airplane and with
strain gauges on the airplane, (see Figure 2).
You can actually measure flight test stresses,
run those through the equations that were de-

veloped based on the ground load calibration
and come up with so-called measured loads.

If at the same time you get the flight condi-
tion parameters — the accelerations, speeds,
altitude, et cetera— and feed those through the
loads program that the manufacturer has, you
can then develop calculated loads. Since you
have taken the stresses at the same time as you
have identified the flight condition data, you
can then come through this process and at the
end you can compare the measured loads
developed using the strain gauges with those
loads that were calculated. By this means you
are actually caliorating the loads program.

So now we've determined what we're going
todo with the data after we get it. Let’s actually
see where we go with the collected data.

AsFigure3shows, I've partitioned thisinto
three areas. The independent group, the air-
line, manufacturer and FAA group, and the
airlines and the FAA group.

The airlines and the FAA will be respon-
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TYPICAL LOADS PROGRAM VALIDATION
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— RELATIONSHIPS || LOADS
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GROUND LOADING
CALIBRATION
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LOADS
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———Pp PLUS ——p  LOADS
DATA

Figure 2 — Typical Loads Program Validation

COLLECTED DATA FLOW - STEP 1

INDEPENDENT GROUP
MEASURED
ACCELERATIONS P> ———»|  REMOVE
ETC. REVIEW SPECIFIC
DATA FLIGHT
IDENTIFICATION
AIRPLANE ﬂ
PARAMETERS ———P >
SPEED,
WEIGHT, e
ALTITUDE, v
ETC.
REVIEW
SPECIAL
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AIRLINES AIRLINE
FAA MANUFACTURER
FAA

Figure 3 — Collected Data Flow — Step 1
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sible for collecting the data. All the data then
will go to this independent group which will
review the data. If there are any special events
that are of interest, they will be fed back to a
group comprised of airline, manufacturer and
FAA representatives to review the special events.

Once these have been satisfactorily reviewed,
the data will go back into the package. The
independent group will remove specific flight
identification and then we can start work.

Figure 4 shows the independent group with
all the data. The measured accelerations will be
filtered to separate gust and maneuvers. The
maneuvers can then go back to the manufac-
turer to be used in developing the component
loads using the validated loads program.

Filtering out the gusts, we will have gusts
defined as actual accelerations. Then, through
the use of the airplane aerodynamic parame-
ters, wecandevelop gust velocity, derived gust
velocities, and these will also be fed to the
manufacturer.

At each one of these stages the data that we
get will be fed back to the FAA in order to
produce the statistics.

The manufacturer with the data produces
componentloads,and with the validated stress
analysis program and detailed design data, the
manufacturer can now develop thecomponent
stresses. (See Figure 5)

At this point I would like to tell you that
from the start of monitoring data we won’t
expect instant results. Rather than a couple of
months we're looking at maybe a couple of
years before we get some good data.

Another point is that we did put out a
survey through ATA to the airlines and as of
last week we had two airlines that had re-
sponded favorably. One agreed to help us
develop the brass board data recorder and
another airline is willing to participate in the
monitoring program.

COLLECTED DATA FLOW - STEP 2

MEASURED MANEUVERS 7
ACCELERATIONS VALIDATED
ETC. | FILTER LOADS

PROGRAM
GUSTS AND
< DETAIL
. » AIRPLANE
AIRPLANE AIRPLANE 4 DATA
PARAMETERS AERO
SPEED, PARAMETERS
WEIGHT, ETC. |
ALTITUDE, )
FTe T3y
STATISTICS COMPONENT
LOADS |——>
INDEPENDENT FAA MANUFACTURER
GROUP

Figure 4 — Collected Data Flow — Step 2
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COLLECTED DATA FLOW - STEP 3

COMPONENT
LOADS

PROGRAM
| mocram |

VALIDATED
STRESS
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COMPONENT
STRESSES

DESIGN
DATA
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Figure 5 — Collected Data Flow — Step 3
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Flight Load Data Collection

THoMAas DeEFIORE

Flight Loads Program Manager, FAA Technical Center

Good morning. It’s a pleasure to be here to
speak with you to describe our plans for rees-
tablishing the flight loads data collection
program.

My briefing today will cover some of the
chronology and activities that we’ve been in-
volved in in reestablishing our program. I am
going to providea functional description of our
planned new flight data recorder, and con-
clude with some comments and concerns re-
garding the program integration.

The purpose of the programiis to reactivate
the flight loads data collection effort by devel-
oping and installing a state-of-the-art flight
datarecorderin transportaircraft: the objective
of which is to collect and analyze commercial
aircraft in-service flight data and to provide
survey data on a continuous basis for airframe
manufacturers to review and assess whether
typical operating load spectra used in design
are representative for the jet transport fleet,
and, to develop structural design criteria for
future generations of aircraft. In order.to ac-
complish these objectives we've established
some working groups. (See Figure 1) Theinitial
working group consisted of Terry Barnes, the

FAA National Resource Specialist on flight
loads and aeroelasticity, FAA Headquarters
(AIR-107) which provides the support, the FAA
Technical Center, engineers who are the pro-
gram manager for the effort, and NASA who
conducted the prior U.S. flight data collection
efforts.

We've added the membership of the ATA
and the Flight Safety Foundation in August of
this year. Mr. Dick Tobiason has agreed to be
the ATA focal point with the airlines for the
development of this program.

Some of the future membership in our
working group will consist of loads engineers
from the aircraft manufacturers, the airlines,
and AIA/ARINC responsible for the data busses
on the aircraft, and the National Transporta-
tion Safety Board who have a lot of experience
in analyzing and handling flight data.

The contractual support summary for our
program appears in Figure 2. Our initial plan
was to draw on all the prior experience in U.S.
transport flight loads data collection, most of
which resides at NASA Langley. We negoti-
ated an interagency agreement with NASA in
the spring of 1989. This actually involved the
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Initial

FAA NRS
FAA HQTS
FAA Tech Center
NASA

Added

ATA
FSF

Future

Aircraft Manufacturers
Airlines
AIA/ARINC
NTSB

Support

¢ Interagency agreement (NASA)
— Eagle Engineering
» Flight test and aviation enterprises
e Competitive procurement for 24
flight recorders
¢ Data reduction and analysis

Figure 1 — FAA New Flight Loads Data
Collection Program — Working Groups

transference of funds for these specific tasks.
This agreement is independent of the memo-
randum of agreement for joint research be-
tween NASA and the FAA for theagingaircraft
signed just one week prior to this conference.

Eagle Engineering, staffed with a number
of former NASA personnel involved in the
prior flight load data collection programs, is
providing some of the direct support.

Our own local contractor, Flight Test and
Aviation Enterprises, are our consultants for
instrumentation.

We plantwo additional procurements over
the next year or two. The first one will be a
competitive procurement for the 24 flight load
data recorders which we expect to install in the
transport aircraft along with a ground station
for data transcription. The second procure-
ment is planned to be a data reduction and
analysis contract to analyze the recorded fleet
data.

At the FAA Technical Center we have in-
stalled a new IBM 4381 computer mainframe
which has more than enough processing capa-

Figure 2 — FAA New Flight Loads Data
Collection Program

bility to handle the volume of data we expect
from the 24 recorders.

This reactivation of the flight loads pro-
gramhasbeena part ofthe FAA’sagingaircraft
program plan from the initial draft back in
November 1988. Industry supports this effort.
At the March 20-21, 1989 R&D task unit meet-
ing, flight loads was identified as one of the
R&D items for aging aircraft.

The R&D task unit recommended a five-
year data collection program, the purpose of
which is to update the data base from the early
1960s. This scope of effort corresponds with
what we have planned at this time.

Some of the chronology of our activities
since the March 20-21 R&D summary are
summarized in Figure 3. A program initiation
and development session was conducted at
NASA in March 1989. In April, we conducted a
workshop at the FA A Technical Center involv-
ing, again, all prior flight loads data collection
engineers.

We had anaircraft manufacturer briefing at
Boeing to explain our proposed program. We
received meaningful feedback indicating the
kind of program that would be most beneficial
for the industry.

We recently conducted the ATA and Flight
Safety Foundation briefing where we found
more ATA support for the program than we
had originally expected.

Currently, wearein the process of aninten-
sive effort in the systems design. The next
speaker, Norm Crabill, and I will be the co-
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Location/Sponsor Purpose Date

ATA Industry R&D 21 March 1989
NASA HQTS Program Initiation 31 March 1989
NASA Langley Program Development Meeting 17—-18 April 1989
FAA Tech Center Workshop 3 May 1989
Boeing AC Manufacturer Briefing 13 June 1989
FAA HQTS ATA, FSF Briefing 22 August 1989
FAA/FSF Aging Aircraft Conference 3-5 October 1989
FAA Tech Center/NASA System Design Oct./Nov./Dec. 1989
ATA or FAA Working Group/ Airline Introduction November 1989
McDonnell Douglas AC Manufacturer Briefing November 1989

Figure 3 — Program Activities

designers of the new data collection system,
and we’ll likely present this design at a future
conference in the spring or summer of 1990.

We are also planning to have another
working group meeting when we brief our
program to the airlines.

The scheduleand program tasks and deliv-
erables are listed in Figure 4. NASA refers to
tasks within the scope of the Interagency Agree-
ment. The initial task is to publish the reports
for the prior NASA collected data on the four
aircraft listed on the figure. While the aircraft
manufacturers have the reports for their par-
ticular aircraft, the data have not been pub-
lished in a formal report.

The second task will be to publish a meth-
ods report. The intent is to document as much
of the criteria and analysis, and assumptions
that have been a part of both the U.S. and
foreign prior data collection programs.

Wehavedraftcopies ofall four data reports
and the methods reports. These are in a final
review process at this time and are due out
soon.

The other short-term task is to acquire and
publish all available flight loads data from
foreign carriers. This is part of the FAA Techni-
cal Center’s effort to become the data archive,

or data repository, of flight loads data and
ultimately become the center of information for
the international flight loads data collection.

The longer term program efforts are for
NASA todevelopand install a prototype smart
data recorder in one revenue aircraft, to pur-
chase and install the 24 smart recorders over
the next four years, (six recorders in each year
1991 through 1994) and to begin the task of
collecting and analyzing data.

As Terry Barnes mentioned, we're not going
to have any data immediately available for
analysis. January 1992 is the earliest likely date
to get fleet data. Thus, flight loads data collec-
tion is a long term aging aircraft effort.

Before I describe the proposed recorder
and what we expectit to do, [ do want to define
the term ““smart” recorder. A smart recorder is
an on-board microprocessor-based system with
the capability of analyzing and making deci-
sions on what data is meaningful to store for
postflight evaluation.

The idea of using the smart recorder is
based on the availability and expanded capa-
bilities of off-the-shelf hardware. Some of the
characteristics of new recorders are listed in
Figure 5. We expect that they will have the
ability to recognize the specific aircraft situ-
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NEAR TERM

e Publish report for NASA collected
data L-1011, B-727, B-747, and DC-
10 (1978~1980)
10/89 (NASA)

¢ Publish Methods Report
12/89 (NASA)

¢ Acquire and publish flight loads data
from foreign carriers
12/90

LONG TERM

e Develop prototype ‘smart’ data re-
corder
9/90 (NASA)

o Purchase and install 24 ‘smart’
recorders
12/91
Six in each year (91, 92, 93, 94)
12/94

e Collect and analyze flight data
1/92

¢ Recognize aircraft situation (climb,

cruise, etc.)

e Select appropriate data reduction al-
gorithms

e Process data in real time (micro-
processor)

Reprogrammable & Upgradable
No interference with flight operations
Applicable for transport and com-
muter aircraft

o Process/store large amounts of flight
data

Figure 4 — Program Schedule

ation, i.e.,climb, cruise, taxi, landing, etc. Then,
based on this situation, select the appropriate
data reduction algorithms. These can include
modifying the data sampling rate, changing
input parameters into the processing software
and modifying the processing algorithms which
provide the information that we need for flight
path analysis.

All the data is expected to be processed in
real time. The recorders are going to be repro-
grammable and upgradable, and there will be
no crash recorder requirement for the data
storage unit. There will be no interference with
the flight operations. All the data we need for
the flight recall will be self-contained on the
memory storage unit which will be off-loaded
periodically.

Figure 5 — ‘Smart’ Recorder Characteristics

Therecorders will beuseable on both trans-
port and commuter aircraft, though it will be
more difficult to instrument commuters be-
cause they typically are not equipped with
sophisticated data bases.

We also expect to have the ability to trans-
fer data recorders from one airline to another,
one plane to another and from one aircraft
category to another. The major benefit of this
new program is that we are going to be able to
process huge amounts of data in short periods
of time, especially when viewed in comparison
to some of the prior VGH data processing
efforts.

The proposed aircraft interface for trans-
port aircraft is displayed in Figure 6. Before
describing plans for the smart recorder data
acquisition, I want to describe how data was
acquired during NASA’s recent DVGH survey.

Thecrashrecorder, named thedigital flight
data recorder (DFDR), receives its data from
three on-board sources: the flight data entry
panels; the ARINC 429 data bus which pro-
vides most of the flight and control surface
information; and the three-axis accelerometer.

These three are fed into the digital flight
data analyzer unit (DFDAU). This unit decides
which parameters are to be stored on the crash
recorder and inputs that inforiration into the
crash recorder for storage. Prior survey data
was acquired by copying the 30 hours of data
onto its own storage unit and then offloading
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Figure 6 — Aircraft Interface

these every three or four days whenever the
storage unit was filled.

We are planning to acquire our smart re-
corder data in one of two ways: by picking up
our data immediately prior to it entering the
DFDR or immediately prior to entering the
digital flight data analyzer unit. Part of our
study is to determine which of these two meth-
ods is more cost effective. Choosing the former
method will require less hardware but it may
require costly additional software, while FAR
Part 121 calls foraspecific minimumnumber of
parameters for the crash recorder, a number of
the airlines have chosen to exceed that mini-
mum. It may turn out that we may need
numerous different software sets to accomo-
date the various airlines and this may not be
cost effective.

Choosing the second method involves ac-
quiring data prior to entering the FDAU. Since
the ARINC 429 data for all airlines is similar,
we’ll just need one set of software, though we
will need additional hardware. We hope to
have a decision on our system design shortly.

Another design feature is that the smart re-
corder willhave to be offloaded only during the
“B’* level maintenance check, which occurs
every 10 or 12 weeks. We plan to size our
recorder to store data from up to 500 points. If
the 500 seems a little bit small, then we'd
appreciate the feedback so we can know what
the proper sizing should be.

The data which we plan to collect are sum-
marized on Figure 7. Some of the individual
parameters were available on prior surveys,
but never collectively as a group. These in-
clude: typical flight path parameters, control
surfaces, and individual flight data summaries.

The output expected from the program as
presented in Figure 8, and to restate it: the
entire process will be fully automated with
minimal airplane interface. All thedata needed
will be on our data storage unit which will be
offloaded at the “/B” level maintenance check.

Some of the aircraft usage characteristics
that we will provide are listed on Figure 8.
These include: typical flight profile statistics
such as frequency distributions, tables of flight
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FLIGHT PARAMETERS

Fuel remaining

Absolute cabin pressure
Longitudinal C.G. position
Pressure altitude
Calibrated airspeed
Vertical acceleration
Lateral acceleration
Longitudinal acceleration
Gear squat position
Autopilot status

CONTROL SURFACES

Flap position
Spoiler positions
Rudder positions
Aileron positions
Stabilizer positions
Elevator positions

FLIGHT SPECIFIC DATA

Flight origination code

Flight destination code
Date/time (takeoff and landing)
Gross weight at takeoff

Fuel load (takeoff, landing)

e Accomplished by fully automated
data acquisition and ground com-
puter processing

¢ Aircraft usage characteristics (sum-
maries)
— Flight profile data
— Acceleration statistics
— Takeoff and landing parameters
— Special events

e Aircraft in program
— Initially: B-737 (3), MD-80 (3)
— Future candidates: B-747, B-757,
B-767, MD-11, A-320

Figure 7 — Measured Data

duration, control surface usages, air speed,
altitudes; acceleration statistics for calculating
and measuring the maneuver loads and deriv-
ing the gust velocities; takeoff and landing
parameters, such as distributions of takeoff
distance, takeoff velocity, and landing velocity;
and, if there is space available on our recorder,
special or unusual events. The United King-
dom Civil Aviation Authority (CAA) has a
massive program called CAADRP with which
they measure at least 25 structural related special
events. We plan to look at their program to see
what parts of it might be applicable for U.S.
commercial aviation.

Figure 8 — Program Ouput

The aircraft which we plan to incorporate
initially into our program, will be three B-737s
and three MD-80s. Some of the future candi-
dates include: B-747, B-757, B-767, MD-11, and
A-320, but we haven't firmed up our aircraft
selections beyond the original six recorders.

The largest single benefit of using subject-
smart recorders is the volume of data which
can be collected. A comparison of the data
volume from the most recent NASA DVGH
survey to what we expect from our new pro-
gram is presented on Figure 9. NASA’s was a
two-and-a-half year program, and while  don’t
know specifically how many manhours or
manyears were spent, they collected only a
little over 5,000 flight hours during their entire
program. Oursurvey program with the new 24
recorders will be expected to provide 30,000
flight hours in just six months. As one can see,
when we implement our five-year data collec-
tion effort, the volume of data hours collected
will leave no doubt as to what is the proper
characterization of commercial aircraft fleet or
service usage.

I want to summarize with just a number of
comments. Our program’s primary goal is to
collect and characterize typical fleet service
usage information and perform some investi-
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NASA DVGH survey (1978-1980):
Collected and processed 5112 flight
hours for L-1011, B-747, DC-10, and B-
727 aircraft.

New flight loads survey:

New ‘smart’ flight data recorders are
expected to provide 30,000 flight hours
in six months.

Figure 9 — Data Volume Comparison

gation on the frequency of special or unusual
events. We plan to eliminate specific flight
information. We don’t want to know what day
or which pilot, we're interested in understand-
ing only typical flight characteristics. We plan
to ask an independent party, such as NASA,
the Flight Safety Foundation, or perhaps the
ATA, to review the data and remove specific
flight identification data so thatall we get is the
structural usage information. The resultant sta-
tistical flight information and analysis will be
published periodically.

We are looking for airline volunteers. The
ATA'’s Dick Tobiason, has had some positive
feedback from a couple of airlines willing to
work with our NASA prototype installation
and one or two others interested in hosting the
initial six recorders. We're planning a meeting
next month with the volunteer airlines and
others that are interested and we will provide
a more detailed briefing of our program and
requirements at that time.

The airline support that we need is listed in
Figure 10. We'll provide a kit for installation
and it’s likely to be simple, involving just one
self-contained box no larger than two feet by
one half foot square. We'll provide installation
instructions and ask the airline personnel to
remove the data cartridges periodically, and
forward them to the FAA Technical Center. No
flight log information will be needed whatso-
ever. Airlines won’t be asked to do anything

e Specific flight identification removed

e Statistical flight data will be pub-
lished

¢ Airline volunteers (ATA Focal Point)
— NASA prototype
~ First six “smart” recorders (B-737,
MD-80)

Airline support
— Initial installation (kit)
— Removal/replace data cartridge
(memory)
- No flight log information required
— Inform FAA if system not
operating

NOT a fatigue life assessment
program

Figure 10 — Concerns/Comments

beyond removing and replacing cartridgesand
simply informing the FAA if the system isn’t
working, i.e., a look every now and then to
check if the right combination of green, red and
amber lights are blinking. If the system is
malfunctioning, the FAA will make the neces-
sary repairs.

The support for the NASA prototype sys-
tem will probably involve more than what's
listed on Figure 10, in that during the develop-
ment process, we're going to need to see the
data more frequently than the “B” level 10-
week interval.

I want to close with one final comment.
This new program is not a fatigue life or struc-
tural life assessment program and we have no
plans on expanding it into one. Our primary
purposes, as I stated in the beginning, are to
provide data for the aircraft manufacturer to
assess how well the designand the fleet service
usage correlate and to develop future design
criteria.
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NorRMAN L. CrABILL

Aerospace Technologist, Eagle Engineering

I’'m going to do a little bit of a retrospective.
It is sometimes good to look back and consider
what we did before, and how it relates to what
we are going to do in the future. So I'm going
to talk about the NACA/NASA Air Worthi-
ness Programs, including the loads program
and the digital VGH program.

Figure 1 is an overview of NASA in the
NACA/NASA Operational Loads Program.
As you can see, there has been a long involve-
ment in airplane motions and loads, starting
back in NACA Technical Report Number 1, by
Hunsacker and Wilson, which looked at the
aircraft motions and their response to gusts.
This was followed later by the Sharp Edge Gust
Response Analysis, the Gradient Gust Analy-
sis and the cosine formulation. These were all
for discrete gusts.

The generalized harmonic analysis tech-
nique was then applied to estimate the re-
sponses of airplanes in continuous turbulence
and it was a fortunate thing because about that
time airplanes started getting big and flexible.

Changes in measurement techniques fol-
lowed. Weused the state-of-the-art equipment
every time. We started out with the basic accel-

erometer, then, the VG recorder, which traced
velocity and accelerations directly on the de-
signer’s V-N diagram. That’s the way you did
it in those days. You sketched out a V-N dia-
gram and built the airplane to it. Then you
proofed the airplane against the V-N diagram.
So, the VGH time history approach was de-
veloped. It went on for quite a few years but
was stopped in the late 1970s. The application
of the digital VGH, or application of digital
techniques to the VGH time history started in
the late 1970s, then was terminated abruptly in
1982 just when we were really getting going.
NASA has long been interested in gust
loads, maneuver loads and ground loads. I'm
not going to detail all the authors and their
reports since they are listed on the figure.
The digital VGH program started in 1977
and we decided to use the digital flight data
typed from the crash recorder 25-hour loop
tape. (See Figure 2) It was readily available if
you were out there every two or three days to
copy the tape before it got wiped out. But it had
a lot of data, more than we could handle at the
time.
We started in 1977 with 15 tapes, pur-
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chased from an airline, of flights that were
made in 1973, with about 200 hours of data to
develop the data acquisition techniques — such
as the operational techniques of getting the
data from the airlines and all the flight log data
that had to go with it because weights and so
, forth were not on the digital flight data re-
corder tape.

We developed a lot of analysis techniques,
and that meant editing every minute of it be-
cause the transcription process of copying the
data from the flight recorder onto a copy tape
was fraught with all kinds of errors or prob-
lems, many of which we solved with a lot of
manpower.

We went ahead with Phase I in 1978, buy-

Figure 1 — Surveys on Civil Aircraft

ing new data from several airlines covering the
four airplane types. We got about 5,000 hours
of data and we worked our way through that
and then Phase 1-1/2, which included the ground
operation parameters. We got data off ten flights
on an L-1011 on Phase 1-1/2.

Wedetermined that we could getrid of alot
of manual labor if we did the processing on-
board before the data went to the crash re-
corder. Welooked in real time at the bit stream,
and found that it was high quality data. It did
not have all of the gaps and the duplications
that we got from the copy recorder. Neitherdid
it have the wild point spikes. Most of it was
good clean data.

This meant the smart recorder approach
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Initiated 1977

Used DFDR data types (25 hour
tape from ‘“Crash Recorder”)
- “Readily” available
— More data types [used 6 or 7 out
of available 19]

Pilot Programs 1977-1978 ~ 200
hours
- L-1011 — 15 tapes of various air-
craft flights in 1973
— Developed techniques
e Data acquisition
¢ Analysis

Phase 1.0 1978-1981: Flight Para-
meters ~ 5000 hours

- L-1011

- B-727,747

- DC-10

Phase 1.5 1980-1982: GroundPar-
ameters ~ 10 flights
- L-1011

Phase 2.0 1982-1985: SMART RE-
CORDER ~ 200 hours
- King Air

Figure 2 — NASA Digital VGH Program
1977-1985

was feasible, where you take the data in real
time, then reduce it down into the statistical
data-types and accumulate those as long as it’s
convenient.

Figure 3 are the parameters we took off the
digital flight data recorders in Phase 1. Phase 1
was just the flight parameters, while Phase 1-
1/2 included ground operation parameters.
We added some data types over here that are
not normally carried on the DFDR. We found,
for instance, that the nose wheel steering angle
was a real convenient indicator of when he got
off the runway. We looked at brake pressures
and temperatures to help decide when the

landing roll was completed. This was a lot of
fun but a lot of work, too.

Figure 4is an outline of the results from the
Phase 1 report. Thesedataarebeing reported in
NASA CR-18-1909 which will be available
shortly. We broke the data down into flight
profiles statistics and acceleration derived sta-
tistics.

These are generally broken down into per-
cent of time or counts per hour — that is, on a
time basis — or percent of flights. We looked at
entire flights; that is, where the flaps wereup or
down, and we looked at flaps down only, and
we looked at spoiler deflections. This break-
down can give you two things, the percent of
time at these gross weight and flight altitudes
for climb, level and descent, and percent of
time at various air speeds and pressure alti-
tudes for climb, level and decent.

We looked at the weight at takeoff and
landing as a percent of flights, and also maxi-
mum pressure altitudes as a function of the
percent of flights.

The other categories include flap-detents
usage in takeoff and landing per time. Gross
weight, altitude above ground level, and air
speed versus flap-detents in takeoff and land-
ing, spoiler deflections versus calibrated air
speed and spoiler deflections greater than ten
degrees with a function of altitude were statis-
tically analyzed.

Acceleration derived statistics is another
category thatis very importantand isrelated to
loads. We looked at total normal acceleration,
lateral acceleration, and from the normal we
got UDE counts.

Then, finally, with flaps down, we looked
at normal acceleration versus detent usage for
takeoff and landing.

That is a considerable body of data, and the
data reports, of up to 170 pages, are pretty
thick.

Figure 5 is a simple sample of percent of
flights to maximum pressure altitude foran L-
1011. As you would expect, most of the time
was spent between 35,000 and 40,000 feet.

Figure 6 shows a portion of the flap study.
This shows percent of time in the flap detent in
percent of total flight time.

In the upper plot, we had about 14.2 hours
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DVGH PHASE | PARAMETERS

Phasc 1.0

1978 1982
(light Paraneters

i.on B.747
Pressure Altitude X X
Alrspeed X X
Flap position X X
Spoiler posiuon X X
Ventical acceleration X X
1.ateral accelesation X X
Autopilot an-of X X
Cabin pressure X

opeed brake

L.ongiudinal acceleration
Rudder position

Aileron pusition
Siabilizer position

Radar altitude

Syuat switch

Main wheel speed

Nose wheel steenng angle
Biake pressure

Biake temperatire

w727 DC O

X X

X X

X X
X

X X

X X

X

X

X

Pliase 15
1980 1982
Ground Patuyelees

1okl

XX o XM K>

D0 M2 I MM XK X

Figure 3 — DVGH Phase 1.0 Parameters

DVGHEPHASE 1O RESULTS: FLIGHT PARAMETERS
NASA CR 181904
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Figure 4 — DVGH Phase 1.0 Results: Flight Parameters
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Figure 5 — Phase 1.0 Results: Flight Profile Statistics

of time when the flaps were extended in take-
off, and you can see the distribution. Most of
the time flaps started at ten degrees and then
milked up to four degrees and then the pilot
cleaned up the airplane. A couple of flights
took off with higher flap settings.

In the lower plot, the flap settings in land-
ing, you can see the most popular ones. The 18
degree and 27 degree flap detents were tran-
sited rather rapidly. As the pilot moved from
10 to 22, he went right through 18. So you can
get some idea of how long the flaps are used
and under what conditions.

Figure7 shows that normal acceleration ex-
ceedences are given on thelevel crossing count
technique and we’re showing data for total
normal acceleration, maneuver and gusts. The
separation was done basically in the frequency
plane. We looked at a lot of power spectra of
these acceleration data types and found what
you would expect, that maneuvers are gener-
ally atalower frequency than the gusts. On this
particular airplane about a tenth of a hertz
seemed to be the demarcation line.

We then devised two numerical filters, a
low pass and aband pass filter, and derived the
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X 100

Time in Flap Detent

Percent Time
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Take Off 14.2 hours
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Figure 8 — DVGH Phase 1.0 Results: Flight Profile Statistics
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Figure 7 — DVGH Phase 1.0 Results: Acceleration Statistics
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manuever and gust data. The data shown in
this plot are the summary from 500 feet to
45,000 feet — 500 feet negative, 45,000 feet
pressure altitude. The data for each 5,000 foot
altitude band is given in the report.

In looking at miles of paper-time histories
(we had special tables that were 60 feet long
and we could look at records all day long), we
saw, a lot of things. We got so that we could
walk out to the record room and tell whether it
was a revenue flight or a non-revenue flight
just by the character of the acceleration time
history. We did, by the way, tabulate those
non-revenue flights separately from the reve-
nue flights.

Wefound that on all four types of airplanes
there was an occasional limit cycle that showed
up in normal acceleration. It appears in Figure
10. The peak amplitudes, are about .1G and
about .07 hertz.

We found out that it was correlated with
the autopilot being in the “on” mode. In the

N R

1978 data we were checking autopilot data and
found the autopilot was on about 75 percent of
the time. Fifteen percent of the time the autopi-
lot was on, we would get this low amplitude
oscillation. (Figure 8)

The frequency corresponds with the fre-
quency that you get when you analyze the
autopilot loops. The short period mode splits
into two modes, one lower than the short pe-
riod and one higher than the normal, fixed
short period.

Figure 9 is a copy of a record that shows an
autopilot divergence. It's correlated with the
autopilot usage. The airplane climbed to about
35,000 feet and leveled off, and the autopilot
was engaged. There were several oscillation
episodes where there was some activity. It got
rather abrupt and the autopilot was shut off,
which damped the motion. When the autopilot
wasreengaged, it seemed to behave fairly well.

Figure 10 showsaroughrideall thewayup
to cruising altitude. Some maneuver loads are

Ry m—
Eln ; —_
-/ -
+ APON - 75%
Sy Yy OF TIME
R T f o0 F -
o < LIMIT CYCLE
PERCEAT ANMPLLTTDE PERCENT OCCURS ~ 15 ™
ATTACH AT EACH OF TIME AP ON
AMPLITUDE FREQUENCY
n - 10 b
20 20
L IR AT ”J"L_LJLLJLJ
00d 08 12 16 I8 20 0 0 e 08 0
PEAK 10 PEAK AMP I REQUINCY. HYZ
g. VERG | 0
AETITUDE HOUD LIMUT CYCLT DATA FROM 373HOURS 1 1041 1078

Figure 8 — DVGH Phase 1.0: Other Results
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DVGH PHASE 1.0: UNUSUAL EVENTS
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Figure 9 — DVGH Phase 1.0: Unusual Events

125

S R s e



Second Annual International Conference on Aging Aircraft

Time, minuies

390 391 332 333 334 395 336 337 338 339 YOO NOI 402 403 NOY 405 06 MOT 4GB Y03 yig ¥l 412 13 yIn

IWH]YTT‘ITTIYY]""ITYITPHTTTTTTTTTU,WFT[HTTP TTTITITT[TTEI]IH[TI IIII'I I“[]ﬁ”""j"il’il I‘,T,” IIﬁTl’_‘IIITTTfPVI-YVFIVHTrI ”,'”

.—;,Zfle, ’091/ *’77@%,3/ K

FT

Kts

g's

1ol —

Large Accelerations Example

Altitude

Awspeed

i

f
| hAT‘“‘J(W‘*v‘-**wm&'«;fs\‘*

due to the turbulence, and then we see a pretty
hefty negative G load at time 407. A coffee
slosher.

In Phase 1-1/2 we took data on ten flights.
(See Figure 11) We looked at takeoff parame-
ters versus distance. We did histograms of
ground speeds at liftoff and at takeoff, takeoff
distance durations and accelerations. We did
the similar things for landings. The data were
not published. It was only ten flights. In Figure
12 (page 128) you’ll see that there is a lot of
granularity in the data because of the small
number of samples.

In Phase 2, we investigated the smart re-

Figure 10 — DVGH Phase 1.0: Other Results

corder concept that Tom DiFiore discussed
earlier.

Wehad a great thing going, but it took alot
of manpower. In fact, that was one of the
reasons the program was cancelled. (See Fig-
ure 13) The idea was to develop an automated
system and demonstrate an automated data
acquisition and analysis system. To do that,
you obtain, analyze and store the data in the
memory on board theaircraft with a minimum
of ground processing.

In 1982, we had the design review. The
program was implemented through NASA
Wallops, which had a contract with the Re-
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Analyzed 10 trips — unpublished

Takeoff ground speed versus distance
histories

e Histograms of
- Ground speeds at liftoff
— Gross weight at takeoff
— Takeoff distance
— Takeoff durations
— Longitudinal accelerations at lift-
off

Landing ground speeds, brake pedal
pressures, heading vs. distance

* Histograms of
— Touchdown CAS
— Gross weight at touchdown
— Landing distances
- Landing times
— Maximum longitudinal accelera-
tions

¢ Correlations of

~ Takeoff speed vs. distance

— Takeoff distance vs. gross weight

— Takeoff distance vs. takeoff time

— Touchdown velocity vs. gross
weight at touchdown

~ Touchdown velocity vs. landing
roll out distance

— Maximum decelerations vs. land-
ing roll-out distances

Figure 11 — DVGH Phase 1.5 Ground
Parameters: Results

search Triangle Institute in North Carolina.
They built a brass board version. We received
200 hours of data in the King Air in 1984 and
1985 and the data are reported in NASA CR
168353, in March 1988.

The conclusion was that this methodology
was a practical way to go.

Figure 14 is a schematic of the system. We
took data on the King Air from cockpit aircraft
sensors with tees into the existing signal lines.
Sensors like accelerometers were added to the
aircraft. King Airs don’t normally come with
accelerometers.

The data goes into a signal conditioner unit
like a flight data acquisition unit and into the
smart recorderand oninto the bubble memory.
At that time bubble memories wereall the rage
and we thought “this is going to be great, we’ll
use bubble memories.” Well, that’s not the way
you want to go today. But in 1982 it was. We
called it the plug-a-bubble because we could
remove the bubble without tying up the air-
plane, put another in, and bring the removed
unit to a ground processor and print out the
statistical data types.

Figure 15 shows smart recorder results. It's
reported in the NASA CR 168353. This particu-
lar data setis the percent of time at indicated air
speed versus altitude bins.

Figure 16 is acceleration exceedances. This
was done on the level crossing counts per hour
basis. The datalooked good. We monitored the
data screen to make sure that there were no
spikes. You don’t want spikes showing up on
this. It will skew the data. It was good clean
data.

NASA has had a long involvement in air-
worthiness programs both in the analysis and
the measurement techniques. (See Figure 17)
At one time VG was the state-of-the-art. I still
think it wasa good invention. But we ended up
with the smart recorder, and I think that is a
good invention too. NASA is looking forward
to this cooperative program with the FAA to
continue to provide airworthiness data. The
first part of this program is the production of
the digital VGH results. The second part of it,
the long-term part, is the support of the meas-
urements program involving the smart recorder
concept.
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Figure 12 — DVGH Phase 1.5 Ground Parameter Results
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e Objective e Development
— To demonstrate automated data — Contracted to RTI through NASA
acquisition and reduction systems Wallops
- Completed brass board
e Approach — Obtained 200 hours in king Air,
- Process data in near real time on 1984-1985
board aircraft and store desired — Reported in CR 168353, March 1988
statistical types
— Minimum ground processing e Conclusion — Practical way to go

Figure 13 — DVGH Phase 2.0 Smart Recorder

DVGH PHASE 2.0 SMART RECORDER SYSTEM CONCEPT
NASA Wallons Flight Center Contract with RT1
TSTINTO

FXISTING
SIGNAL T INES
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SENSORS

ON
RO ALY
SIGNAL CONDEL»g

. N ACE BONY Wiy b UMY N

IN

FAnnRATORY

SENSORS .
ADDED Ty ———— ( )
ATRCEAFT I . )

SMARTREFCORDER

FABUEATIONS
~

{ R 1 DATA I'1OTS AND

REMOVARBLL
RUIRBRT T MENMORY
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Figure 14 — DVGH Phase 2.0 Smart Recorder System Concept
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Percent time of indicated airspeed versus altitude bins for all
tiight conditions derived from onboard processing

Altitude Bins (ft)
-500 4,500 9,500 14,500 19,500 -500
IAS (Kts) to to to to to to

4,500 9,500 14,500 19,500 24,500 24,500)
100 to 120 1091 38 11 91 1.53 2.92
120 to 140 23.51 11.66 8.89 13.68 25.46 15.06
140 to 160 26.47 21.37 14.00 62.64 71.85 34.48
160 to 180 18.51 18.51 41.83 20.34 1.16 23.36
180 to 200 16.31 35.73 3227 2.40 .00 19.77
200 10 220 425 12.29 2.87 .03 00 4.37
220 to 240 .04 .06 .02 .00 W 03
240 to 260 .00 .01 .00 .00 .00 00
260 to 280 00 .00 .00 .00 00 00
280 to 300 00 00 .00 00 .00 02
Percent all 22.80 22.23 23.20 25.81 5.95 100.00
modes vs.
Altitude
Flight Time 41.90 40.83 42.63 47.42 10.93 183.72
in All Modes
(hours)
Total Flight 41.90 40.83 42.63 4742 10.93 183.72
Time per Bin
(hours)
Percent Time in 100.00 100.00 100.00  100.00 100.00 100.00
Altitude Bin

Number of flights 252

Average flying time

0.82

Figure 15 — DVGH Phase 2.0 Smart Recorder Results
(from NASA CR 168353)
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Level crossing counts per hour versus
altitude bins for vertical acceleration (gravity removed)

Aldtudes Bins (ft)
Vertical On -500 4,500 9,500 14,500 19,500 -500
Acceleration the to to to to to to
(&)] ground 4,500 9,500 14,500 19,500 24,500 24,500
0.7510 1.00 .0 0 .0 .0 0 .0 .0
0.50t0 0.75 ! 1.4 4 2 1 .0 5
0.40t10 0.50 9 5.0 1.2 N 3 0 1.6
0.30t0 0.40 3.7 21.9 4.1 1.9 1.0 . 6.6
0.25t10 0.30 8.3 45.2 83 3.4 1.8 4 134
0.20t0 0.25 23.1 100.8 17.9 6.8 4.0 1.6 29.7
0.15t0 0.20 69.9 225.9 42.1 16.2 10.8 7.6 67.9
0.10t0 0.15 232.2 489.3 108.9 53.4 34.2 34.6 159.1
0.05t0 0.10 970.6 11142 438.2 336.8 241.0 316.8 510.7
0.00t0 0.05 3951.0 2244, 2655.2 2871.7 3346.3 3298.7 2828.5
-0.05t0 0.00 3955.5 22454 2655.4 2871.2  3346.1 3299.0 2828.6
-0.10t0 -0.05 590.5 811.5 358.9 272.4 165.8 162.7 380.5
-0.15t0 -0.10 141.2 312.7 83.1 4438 26.4 25.7 108.5
-0.20t0 -0.15 399 134.2 31.6 14.4 8.9 6.4 437
-0.25t0 -0.20 11.9 56.4 14.0 6.2 35 1.6 18.4
-0.30t0 -0.25 3.8 25.1 6.9 2.8 1.7 .6 8.4
-0.40t0 -0.30 1.9 12.7 34 1.7 .8 B 4.3
-0.50t0 -0.40 2 2.9 1.1 .6 3 .0 1.1
-0.75t0 -0.50 . 9 5 3 1 0 4
-1.00t0 -0.75 .0 2 2 1 0 .0 1
Average cts/hr 500.3 392.5 321.6 3253 359.7 357.8 4137
Flight time/bin 23.16 41.90 40.83 42.63 47.42 10.93 183.72

Figure 16 — DVGH Phase 2.0 Smart Recorder Results
(from NASA CR 168353)
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NACA/NASA has had a long involvement in Airworthiness programs
— Discrete Gust Analysis
- Continuous Turbulence Response of Flexible Aircraft

NASA State of the Art Measurement Programs

- VG 1933
- VGH 1946
- DVGH 1977
— Smart Recorder 1982 — appears to have a lot of advantages for fleet use

NASA currently embarking on Cooperative Program with FAA to continue to
provide Airworthiness data on airliner operations

- Publication of DVGH Results in NASA CR 181909 in five volumes

— Support of FAA measurements program involving Smart Recorder technology

Figure 17 — Summary

132




Flight Loads

J. BEN DE JONGE

Netherlands National Aerospace Laboratory (NLR)

Ladies and gentlemen, it’s my pleasure to
give you a review of program on the acquisi-
tion and usage of loads data for the KSSU-747
aircraft from the Aircraft Condition Monitor-
ing System (ACMS) recordings. KSSU stands
for KLM, Swiss Air, SAS Scandinavian, and
UTA, the French airline.

This program has been active from 1974
until 1989 and we at NLR acquired this data
under contract with KLM Dutch Airlines with
the moral support, I would say, of the Dutch
Civil Airworthiness Authorities, who also paid
for part of the data analysis programs.

Inmy brief review Iwill give youashortde-
scription of the data acquisition procedures —
the type of data acquired. I will give a brief
review of the total data base that is now avail-
able, but I will concentrate onan example of the
application of the data that were acquired in
this program.

The program objectives were twofold. The
firstis the monitoring of aircraft usageand load
experience in relation to fatigue for these air-
craft involved. This information is operator-
oriented.

The second is gathering of gust statistics.
Acceleration data were converted to derive
gust velocities, and that is comparable to the
VGH programs.

That part of the objective is outside the
scope of my present presentation. I will not
give you information about that part. How-
ever, the total data base at this moment in-
cludes nearly 122,000 flight hours and and
more than 24,000 flights. That is considerably
more than the NASA VGH data base on that
subject.

In this program we had a number of limita-
tions. Inthefirst place, we were only allowed to
make use of the existing ACMS that was on
board the aircraft. No changes to this system
were allowed. No impairment of the aircraft
operation was allowed. It was also a require-
ment that the cost should be kept down to a
bare minimum. The total cost for KLM has
never been more than $25,000 a year in this
project.

The data acquisition procedure is as shown
inFigure 1. You haveto keep in mind that these
747 aircraft have been equipped with ACMS
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Data Acquisition Procedure

o KSSU Boeing 747 aircraft have been
equipped with ACMS recorders

¢ A large number of parameters are
continuously scanned and are re-
corded if specific criteria are met

¢ A limited number of data, relevant
for describing usage and load expe-
rience, are extracted from ACMS data
tape and stored in;

ACMS Fatigue Data Base
Data are stored on a flight-by-flight basis
Stored data include:

e General flight data, such as type of
flight, date, tow, departure and des-
tination airport

e Flight profile data, such as speed, al-
titude, A/C weight and cabin pres-
sure during flight

o C.G. acceleration data
Values of recorded acceleration
peaks/troughs with time of occur-
rence

Figure 1

recorders. In these recording systems a large
number of parameters — and I mean a few
hundred parameters — are continuously
scanned and they are recorded if specific crite-
ria are met. For example, in periods of severe
turbulence, during takeoff, landing, and now
and then at intervals during the flight.

That’s the standard equipment in these
aircraft. The recorder data are put on a mag-
netic tape. The magnetic tape is brought to the
computer facility of the airline and all the data
are subjected to analysis for purposes largely

associated with the maintenance of the aircraft.
But in thiscase they were runthroughaspecific
program that was called the AIDS fatigue data
program, and a limited number of the recorded
data that were relevant for describing the air-
craft usage and relevant to the load experience
were extracted from this general batch of ACMS
data and stored in the ACMS fatigue data base.

In this data base all the data are stored on a
flight-by-flight basis. There are three types of
data. The first is general data describing the
type of flight, the date of the flight, takeoff date,
the departure airport, destination airport, and
things like that. The second is flight profile
data. Every flight is split up in a number of
segments. For example, when the altitude
changes 2,000 feet, you start a new segment.
During cruise, a new segment is started every
hour. At the end of each flight segment the
speed, altitude, the aircraft weight, were re-
corded. So, from this flight profile data you
have a picture of the mission profile. The third
is CG acceleration data. The peaks and troughs
values were scanned and stored in the data
base together with the instantaneous time of
occurrence. Having the mission profile data,
the change of the weight, speed and things like
that, you can then derive gust velocities. You
can reduce acceleration data to gust velocities.
But, as I said, that is outside the scope of this
presentation.

Figure 2 gives a brief review of the type of
standard output that was produced as an over-
all summary of all flights. There are about
24,000 flights. It is distributed by flight dura-
tionintervals witha concentration in thearea of
seven to eight hours, that's the trans Atlantic
flight time of the 747. The general review in-
cludes the average flight duration, average
block time, and average takeoff rate.

The other type of information is usage sta-
tistics for various altitude bands. Figure 3 shows
the altitude band of 10,000 to 15,000 feet. You
see the average time spent in that flight inter-
val, the speed within that interval.

Figure 4 shows the 35,000 feet to 40,000 feet
interval that is, on the average, the cruise alti-
tude for the longer flights.

Figure 5 is an overall summary of the re-
corded CG accelerations according to altitude
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FLIGHT FLIGHT DURATION INTERVALS [HRS] ALL
TIPE FLIGHT
LEGEND 0-.5 .5-1 1-1.51.5-2 2-3 3 -4 4-5 S5-6 6-1 71-8 8-9 9-10 >0 DURATIONS
NUMBER OF A 1591 1739 1110 15717 1347 1607 165 1651 4849 4696 1936 430 339 23157
FLIGHTS Of B L] L3 26 85 90 43 26 4 17 15 22 10 o 362
INDICATED c [] 1 2 L] o 0 ° o [ [ 0 [} [} 3
FLIGHT TYPE ] 1 4 3 10 7 10 ] 0 1 0 ] [ [} 3¢
x 23 n ¢ 1 22 [ ] 4 4 s 24 17 5 L] 200
ALL 1624 1024 1149 165) 146¢ 1668 79 1659 4906 €135 1975 505 399 24350
AVERAGE FLIGHT . .16 1.26 1.72 2.57 3.4 4.51 5.56 €.52 1.52 0.37 9.54 10.58 5.01
DURATION |HRS]
AVERAGE BLOCK .78 134 1. 8Y 2.15  3.05 3.95 5.04 €.02 7.04 9.03 8.84 5.9¢ 10.9% 5.4
TIHE (KRS}
AVERAGE TOW 222.60 225.36 233.51 230.34 250,78 267.20 284.64 29).5) 302.26 318.9%4 326.42 339.5) J0r. 44 203.12
{x 1000 XG}
STAND. DEV. 11.8% 21.49 24,97 20.22 20.27 24.50 21.60 19.16 15.95 18.71 17.05 17.70 14.04 43.13
ToM (X 1000 KG)
AVERAGE FUEL 6.4 9.92 15.06 18.64 29.31 38.52 51.82 62.70 74.37 07.82 97.87 111.19 124.27 57.70
CONSUMPTION [X 1000 G|
STAND. DEV. FUEL 4.8 5.83 6.60 5.19 $.95 5.69 T.44 5.58 6.10 6.89 6.66 . n T.14 31.90
CONSUMPTION [X 1000 KG}
Figure 2 — Summary Review of Recorded Flights
USAGE-STATISTICS RESULTS, FLIGHT PROFILE DATA
dhedbe +4 ALTITUDE INTERVAL 10000 - 15000  FEBT #4403 00300000000 004004300 0000000 08300304400 00400400008000
AVERAGE FLIGHT DURATION INTERVALS {HRS] ALL
VALUES MITHIN FLIGHT
ALTITUDE SEGHENT D0-.% .5-1 1-1.51.5-2 2-3 3 -4 &-5 5-6 6-7 1-8 0-9 3%-10 >10 DURATIONS
TIME SPENT (MAS] .166 -101 .099 -100 .09 -099 .107 .102 .104 a1 -131 .1258 -118 .11
WEIGHT (X 1000 KG) 216.37 220,41 227.14 220,54 234,81 247.69 250.644 262.33% 267.06 273.44 271,55 290,37 296.6¢ 2%3.51
VELOCITY [M/SEC) 109.36 180.20 176.62 160.40 176.06 179.02 102.44 184,49 182,23 101.21 177.25 101.5% 106.93 0
HACH NUMBER .50 .53 .83 .51 .53 .54 1 .56 .56 .55 .54 .55 .57 .83
12,96 12.60 12.43 12,31 12.47 12.43 12.42 12.43 12.42 12.43 12.44 12,42 12,40 12.49

ALTITUDR (X 1000 PT)

SIS PELIPEI0I2400 0000040402440 ALYITUDE INTERVAL 15000 - 20000  FEET 444404 0000000004000000000004000000000008004000000000000000

AVERAGE
VALUES WITHIN
ALTITUDR SEGMEWT

TIME SPENT (NRS)
wEIGHT {X 1000 XG)
VBLOCITY (M/38C)
HACH NUMBER
ALTITUDE (X 1000 FT)

FLIGHT DURATION INTERVALS [HRS)
- .9 .5-1 1-2.31.8-2 2-3 J-4 4-5 5S-6 6-7 1-0 -9 %-10 >10

.04  .000 0803 082 .093 .093 .103 0% .0%9 .110 .132 .117 .10
220.90 221.74 227.56 221.70 236.05 249.59 260.50 264.49 269.31 275.30 274.32 207.16 297.2%
203.91 202.00 200.94 190.87 200.39 205.40 207.35 200.01 206.99 206.7Y 203.32 207.76 212.14

.63 .63 .62 .61 .62 .63 .64 .64 .64 .64 .83 .6 14
16.03 17.46 17.3) 17.81 17.50 17,52 17.54 17.%¢ 17.58 17.50 17.56¢ 17.34 11,58

ALL
FLIGHTY
" DURATIONS

.10
259.99
205.21

.64

17.81

Figure 3 — Example of Flight Profile Data
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USAGE-STATISTICS MESULTS, FLIGHT PROFILE DATA
*"e +: + ALTITUDE INTERVAL 30000 - 35000 FEET 400030000000 00000000 0800000000480 00000300040 000000000400
AVERAGE FLIGHT DURATION INTERVALS [HRS] ALL
VALUES WITHIN FLIGHT
ALTITUOE SEGMENT J0-.% .5-1 1-1.51.5-2 2-3 3 -4 4-35 5-6 6-7 1-98 0-9 9-10 >10 ODURATIONS
TINE SPENT [WRS) «002 .00) 292 e ] .520 1,036 1.807 2.077 2.004 3.821 4.402 4.05% S.209 2.20
WEIGHT (X 1000 XG) 260.71 213.31 226.37 221.90 241.54 259.54 263.09 267.50 269.57 279.59 281.67 290.83 209.05 .6
VRLOCITY [M/SEC) 250.67 246.20 246.55 248.76 249.96 252.01 233.27 252.11 251.15 251.54 251.10 251.90 251.8¢ 251.39
MACH NINBER .04 .02 .n .82 .02 .0 .43 -43 N1 .. .04 84 .04 .8
ALTITUOS (X 1000 rr} 32.7% 32.17 32.8% 3).07 33,08 33.15 33,09 33.22 33.25 33.13 32.9¢ 33.04 I2.99 3.13
+ 4¢4¢  ALTITUDR INTERVAL 35000 - 40000 FEET 44404 tbetdtortts 14
AVERAGE FLIGHT DURATIOM INTERVALS [HRS) ALL
VALUES WITHIN FLIGHT
ALTITUDE SEGMENT .0-.5 .5-1 1-1.51.3-2 2-3 3-4 ¢-5 S$-6 6-7 7-0 0-9 9-10 >0 DURATIONS
TIME SPENT {HMS] .001 009  .26%  .620 1.106 1.549 1.561 2.42¢ 2.77) 2.504 2.625 3.357 13.591 1.93
WEIGHT (X 1000 XG) 236.06 216.32 216,00 215.08 231.11 234.74 244,19 246.65 249.16 251.0]1 250.90 251.40 247.89 wWr.n
VELOCITY (M/SEC) 251.30 246.09 247.99 2¢8.37 249,14 250.08 2%0.77 250.53 249.81 250.%3 249.97 250.6€4 250.20 250.10
MACK NUMBER .85 .84 .83 .83 .83 Nl gl 84 -84 R Rl .8¢ il -
ALTITUDE (X 1000 FT) 37.98 35.65 36.71 37,12 37.15 37.14 36.73 36.62 36.46 26.29 36.20 I6.56 I6.6S 36.51
Figure 4 — Example of Flight Profile Data
TOTAL TOTAL NUMBER OF PEAK QCCURRENCES IN INDICATED ODELTA-G. INTERVALS
ALTITUDE DISTANCE TIME UPWARD
INTERVAL FLOWN SPENT
[FT) [LLY] [HRS) .15-.20 .20-.25 .25-.30 ,30-.40 .40-.50 .50-.60 .€0-.75 .75-.90 .90-1.10 >1.10
< 1500 197652  1220.20 19072 x 6275 1839 17 89 21 3 1 1
1500- 3000 257594 1361.30 14689 x 5332 16712 €12 80 6 6 5
3000- 5000 353521 1574.52 11164 x 4489 1516 651 92 12 1 2
5000~ 10000 828411 3156.67 11361 x 4196 1783 936 173 38 10 S 2
10000~ 15000 956828 2722.50 4086 x 196} 815 479 13 32 16 4
15000~ 20000 949962  2381.51 2019 x 861 350 231 $3 17 13 3 1
20000- 25000 1295227 2952.09 1639 x 100 286 154 54 21 8 ]
25000- 30000 3029993  1993.)2 2947 x 1237 44 293 58 22 10 1 2
30000~ 35000 26199429 $3613.85 122715 x 4117 1611 974 170 58 26 2 2 S
35000- 40000 21687962 44611.17 9083 x 1666 13127 110 140 47 18 1 2
> 40000 141655 293.45 115 x 49 24 10 2
ALL ALTITUDES 56748235 1216894.38 88450 x 34085 11664 5767 1024 214 111 20 3 22
TOTAL TOTAL NUMBER OF PEAK OCCURRENCES IN INDICATED DELTA-G. INTERVALS
ALTITUDE DISTANCE TIME DONNWNWARD
INTERVAL FLOWN SPENT
(FT} (L3} (HRs] .15-.20 .20-.28 .25-.30 .20-.40 .40-.50 .S0-.60 .60-.75 .75-.90 .90-1.10 >1.10
< 1500 197652 122¢.20 2942 x 1819 39 185 21 10 ? 1
1500- 3000 257594  1361.30 7870 x 1786 436 124 30 25 13 1 1
3000- 5000 353521 1574.52 5778 x 1669 517 202 29 15 3 4
$000~ 10000 870411  13156.6) 6155 x 2413 (2% 491 94 20 8 3 1
10000~ 15000 956820 2722.50 330 x 3232 " 39 77 29 12 3
15000~ 20000 949962  2391.51 1017 x 641 215 156 33 9 6 3 1
20000- 25000 1295227 2952.09 1476 x 491 190 118 17 9 6 2
25000~ 30000 3829993  7993.12 2666 x 99 m 220 56 19 4 1 1
30000- 35000 26199429 53613.0% 11211 x 3099 1454 735 158 S1 25 2
33000~ 40000 21607962 44611.17 214 x 2997 1034 594 129 43 12 L
> 40000 141655 293.45 117 x 3 14 12 1
ALL ALTITUDES 56748235 121894.30 $0162 x 1798) 6022 3155 644 ;M 113 s L]
2 STATISTICALLY UNRELIASBLE DATA DUE TO A FLOATING LIMIT SETTING OF 0.18 G

Figure 5§ — Recorded C.G. Acceleration Peaks
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interval and number of peaks within the vari-
ous intervals.

The application of the usage data is, in the
first place, to compare the design usage with
the actual surface experience of the aircraft for
a particular operator with regard to, let’s say,
the mission profile assumptions, flight length
distribution weights and cabin pressure differ-
entials. (See Figure 6)

You may also study the variation of usage
with time for a particular operator. The changes
in the network of an operator, for example,
may result in changes of its operation and
changes of its load experience.

That is, in the first place, the comparison of
the design usage and, in the second place, you
may compare the design loads with service
experience, and finally get some idea about the
conservatism of the design data with regard to
turbulence that is currently used.

Figure 7 for the 747, gives a review of the
design mission mixture for the aircraft. This is
a specific mission mixture, with a concentra-
tion for the seven-hour transatlantic type of
flight. The average mission mixture resulted in
an average flight duration, design flight dura-
tion, of three hours. You may recall that the
design life of the aircraft was 20,000 flights or
60,000 flight hours. These figures then match.

Figure 8 shows the observed flight dura-
tiondistribution from our data base. The Swiss

» Comparison of design usage with
service experience
~ Flight length distributions
—  Weights
- Cabin pressure differentials
— Variation of usage with time
e Comparison of design loads with serv-
ice experience
— Conservatism of design

¢ Gustload data

Figure 6 — Examples of Application

Air and KLM —and for KLM there is a combi-
nation version and a full passenger version —
average flight duration is in the order of five
hours.

The first observation, is that this flight
durationisconsiderably longer thanthe design
assumption of three hours. But looking then to
the flight length distributions for Swiss Air
compared to the KLM, you’ll notice that for
Swiss Air there is a pronounced peak at the
very short duration flight lengths.

The reason for this is that Switzerland is a
small country and there are two airports, Zu-
rich and Geneva. They flew from Zurich to
John F. Kennedy with an intermediate stop, a
half-hour flight, at Geneva. That was a very
short duration flight and it had a very pro-
nounced influence on the average flight duration.

Figure 9 looks at the average cabin pres-
sures that were reached. The first observation
isthatinall KLM and Swiss Air flights the cabin
pressureremained well below the design value
of 9 psi. There is a concentrationat the 8.7t0 8.8
psi. That’s a considerable difference in terms of
fatigue from the 9 psi design value.

But forSwiss Airthatis because of that very
short flight from Geneva to Zurich. In 30 per-
cent of the flights the cabin pressure remained
below 8.2 psi. You can imagine that this has a
considerable effect on the fatigue life consump-
tion -- if you assume a pressure of 9 psi for
every flight and in actual fact, in 30 percent of
your flight cycles the pressure remains below
8.2, you have a considerable saving in fatigue
life consumption. This is the type of informa-
tion that is very useful for an aircraft operator
and also for the airworthiness authority.

Figure 10 looks at the mission profiles, the
usage. The other subject, of course, is compar-
ing the design loads with actual measured
loads. Shown here is the CG acceleration spec-
tra, thedotted curveis the measured curve,and
the other curve is the flight condition spectra.

We calculated the loads spectra that you
would find for the actual mission profile if you
used the NACA TN4332 data that were used
forthe 747 in calculating the design loads spec-
tra. You see here that the TN4332 data are
conservative compared to what is actually
measured. That is a comforting feeling for the
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386000 ft
34000 ft

10000 ft
1500 ft

DESIGN MISSION MIXTURE FOR THE BOEING 747

sl

o 1hr FLIGHT
{100 KiP PAYLOAD)

o Jhr FLIGHT
(100 KiP PAYLOAD)

38000 ft
34000 ft

10000 ft
1500 ftl
s

® 7 tr FLIGHT
(100 K1P PAYLOAD)

NOTE: iN 60,000 HOURS OF SERVICE OPERATION,

1S USED: » 9600 — ONE HOUR
® 4800 — THREE HOURS
® 4800 — SEVEN HOURS
& 600 — TRAINING

THE FOLLOWING DISTRIBUTION OF FLIGHTS

® 4 hr TRAINING FLIGHT
(0 PAYLOAD)

airline and for the airworthiness authority and
in actual fact also for the passengers flying in
these aircraft.

We should keep in mind that we have
measured here our data that include maneu-
vers and gusts. We were not able, because we
just got acceleration peaks, to distinguish be-
tween maneuvers and gusts in the first in-
stance. We were not able to apply a filter. We
just received reduced data from the ACMS
system and we could not change them.

There is another conservatism in that. We
tried to correct our CG data for maneuvers by
subtracting a part of the load factor that we
thought was due to a turning maneuver. If you

Figure 7 — Design Mission Mixture for the Boeing 747

have the bank angle of the aircraft, you can
calculate the associated maneuver load factor
with the bank angle. We measured the bank
angle and subtracted that from the total meas-
ured incremental acceleration and got the cor-
rection. That way you have then subtracted the
parts of the load factors due to the maneuver.
In many cases, especially at low altitude, the
airplane is making turns, or is in a holding
pattern, and you have a certain bank angle and
you are meeting the turbulence. So, you havea
situation that the turbulence loading is super-
imposed on the long duration type of maneuver.

Looking at the results in Figure 11, you
have to consider that it is a logarithmic scale.
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FLIGHT DURATION DISTRIBUTIONS FOR
DIFFERENT 747 OPERATORS

SWISSAIR A
B (AVE.> 5.10 b) i
i
77
7 %
%
7
2.5,
A //
AIAZ
,,’,/;, o //

i KL#¥ COMBI
: (AVE.=5.71 hr}

KLM FuLL PAX
(AVE.=4.5hr)

FLIGHT LENGTH {hr) ——

Figure 8 — Flight Duration Distributions

This might be a relatively simple way of split-
ting maneuver loads and gust loads.

Figure 12is just a picture of the variation in
usage. You see three periods. The small tri-
angles on the right side are variations over the
periods of the average flight time for the KLM
Combination. Perhaps not very drastic here,
but the average flight duration changed in the
period of two years for this aircraft from nearly
six hourstoa little bit more than five hours, just
because of a change in the network, an opera-
tional change, or perhaps the introduction of
another aircraft in the fleet. These variations
may be important, and it is interesting for the
airline to be aware of such changes.

This program shows that it is possible to
obtain very relevant information at very little
cost and without very much difficulty.

Very few airlinesapply systematicusage or
loads monitoring in their aircraft. KLM stopped
theiractivity justlast year for the sake of saving
the $25,000 a year.

Thereason thereis very littleapplication so
far is that service loads monitoring only be-
comes effectiveif thereis close cooperationand
agreement between the three parties involved.
These three parties are the airline, the aircraft
manufacturer and the airworthiness authority.

The airlines say they know what they have
at the moment with regard to inspection and
maintenance burden. Those measurements can
result in two findings. Either our load experi-
enceis more severe than expected, and then we
will geta more severe maintenanceburden. Or,
on the other hand, if it turns out that our load
experience is less severe, we are not sure that
we get the benefit for that. Will the authorities
really allow a reduction of the maintenance
burden?

The airworthiness authorities are very re-
luctant to say beforehand that they are willing
to give a reduction. One of the reasons is that
the civil airworthiness authorities are under-
staffed, people are very busy and they do not
wish to commit themselves in this area.

Finally, you have the aircraft manufacturer.
The aircraft manufacturer is interested in this
type of activity but not really enthusiastic. It
turns out that they can do that but it would
mean a lot of extra work.

Although the means are there to apply
usage monitoring for operators at low cost,
peopledon’tdo itoryou find very low applica-
tion of systematic monitoring. We continue to
apply relatively large safety factors or scatter
factors to cover the uncertainty, the actual
uncertainty, about our service loads experi-
ence.

Monitoring usage and loads experience
offers the possibility to take away a certain
amount of uncertainty in our fatigue assess-
ment. Taking away a part of uncertainty means
an increase in the overall accuracy and in the
overall safety of aviation.
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Figure 9 — Distribution of Maximum Cabin Pressure Differential for Two 747 Operators
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The Responsibilities of FAA,
the Manufacturers and the Airlines for
the Continuing Safety of Aging Aircraft

WiLLiaM R. HENDRICKS

FA A Director of Accident Investigations

I’'m very honored to present my paper to
this distinguished group and I realize that I'm
in with the heavyweights of the industry and
the top structural and maintenance experts in
the world in the subject of aging aircraft. Your
knowledge on this subject far exceeds mine.

My perspectiveis from the window of acci-
dent investigation and I hope to focus on the
Aloha Airlines accident which occurred in the
Hawaiian Islands on April 28th, 1988.1'd like to
show the factors that were developed during
that investigation and how they spotlighted
the issues concerned with aging aircraft.

While the Aloha accident wouldn’t be clas-
sified as a catastrophic event in terms of the
classic high fatality major aircraft accident, I
believe that it will be looked on as a landmark
accident in terms of the intense industry inter-
est and expedited efforts for corrective actions
that have evolved.

In these terms, I would place it in the same
category as the Eastern Flight 66 accident, which
occurred at JFK in June of 1975, killing 113 pas-
sengers and crew. This was a thunderstorm
accident which precipitated the first tull-scale
effortsby the FAA and the industry to develop
wind shear detection and training programs.

Iwould also place it in the same category as
the PSA, the midair collision accident that oc-
curred inSan Diego in September of 1978. This
accident killed 144 people and it resulted in
massive changes to the National Air Space
System. TCAs and other major airspace changes
have evolved from that accident.

The Aloha accident, which involves an in-
flight structural failure to a high-time airplane,
may well be remembered as the springboard
for higher standards in new technology and
procedures for maintaining the world’s aging
aircraft.
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Activity associated withthe Alohaaccident
by no means overshadows the long-term ef-
forts both by the FA A and industry withregard
to aging aircraft. There has been considerable
progress made over the years resulting in
comprehensive programs to monitor and re-
pair transport airplanes throughout their op-
erational life. The Aloha accident has served to
accelerate and to magnify these efforts.

I would like to first look at the in-service
structural history of the Boeing 737 and the
interrelationships between the FAA, the manu-
facturer, and the operator as they pertainto the
causal factors involved in the accident. I will
then briefly discuss scme of the specific activi-
ties and recommendations for correctiveaction
that have been initiated since this occurrence.

Ithink it mightbeagood ideato review first
the accident scenario. As I mentioned before,
the accident occurred on April 28, 1988. Aloha
Airlines Flight 243, a Boeing 737-200, was on a
regularly scheduled passenger flight from the
Island of Hilo to Honolulu, Hawaii.

Shortly after leveling the airplane at flight
level 240, with the first officer at the controls,
the crew heard a loud clap and a whooshing
sound behind them, followed by the sound of
rushing air. They observed almost immedi-
ately that the cockpit door was gone and that
there was blue sky where the ceiling of the
airplane had been in the first-cla<s section.

The captain immediately took control of
the airplane and began a 4,000 foot per minute
emergency descent using speed brakes and
maintaining an air speed of about 280 to 290
knots during the initial portion of the descent.
Air traffic control was advised of the emer-
gency and approved a diversion to Maui.

The captain stated that during this time
they were experiencing sev:re vibrations and
the airplane was handling very rough. He slowed
the airplane to about 200 knots as the flight
descended through 10,000 feet. The flaps were
set to five degrees. Then the crew tried to
extend the flaps to 15 degrees, the airplane
became less controllable so the crew returned
the flaps to the five degree position.

The captain then attempted to slow the
aircraft in preparation for the landing, but as it

decelerated below 170 knots, theairplaneagain
becameless controllable. The captain elected to
maintain the speed at 170 knots throughout the
landing approach.

At that time it was also noticed that the
plane had lost power on the number one engine.
The flight landed on runway 2 at the Kahului
Airport at 1358 hours. A normal touchdown
and landing was accomplished using the brakes
and reverse thrust on the number 2 engine.

The entire episode from the time of the
structural failure at flight level 240 to touch-
down was approximately 11 minutes. There
were 95 persons on board; 89 passengers, two
flight crew, three flight attendantsand an FAA
air traffic controller in the jumpseat.

The senior flight attendant in the first-class
cabin was lost during the decompression; 59
passengers were taken to the hospital with
injuries from minor to serious.

I think, all factors considered, it was a
miraculous escape for those on board except
for the tragic loss of the flight attendant. In-
deed, the flight is a testimony to the skill of the
flight crew and to the residual strength of the
Boeing 737.

If you recall, the fuselage structure from
abovethe floorlevel ontheleft side toabout the
top of the window belt on the right side and
extending from just aft of the passenger entry
door to just forward of the wing were missing
completely, from body station 360 through
fuselage station 540. All fractures associated
with that break-away were typical of overload,
static overload separations.

The NTSB in their report determined that
the failure initiated along the number 10 stringer
on the left side near fuselage station 440. The
tep skin ripped from that point down and to
the left on the left side and up and over the
airplane and rearward on the right side. More
like an egg shell breaking apart. The floor on
the left side in the area of fuselage station 440
was the most severely deformed. The oxygen
system lines were torn out below the decksand
there was no oxygen available.

There were about four or five floor beams
brokenthrough, primarily ontheleftside of the
airplane where the most severe damage oc-
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cured in the area of fuselage station 440 — that
was in the area where the NTSB surmised that
the peak loads occurred.

After the accident a witness was located —
a passenger actually — who boarded the air-
plane at its origination point. The lady was
about four-foot ten inches tall and as she was
getting on the airplane, she noticed a crack in
the fuselage at about her eye level. She de-
scribed it in later conversations as about a six-
inch crack with the skin actually protruding
from beyond the rivet heads. The area she
describes was along the 10-L stringer in the
area that the NTSB figures that the separation
occurred.

This was a high-time, high-use airplane
and it was manufactured in 1969. At the time of
the accident, it had accumulated 45,493 flight
hours. More significantly, it had 89,090 cycles,
which equates to about 13 flights a day for 19
years. This was the second highest number of
flight cycles in the worldwide 737 fleet.

A sister ship, also owned by Aloha Air-
lines, had accumulated over 90,000 cycles, which
was the highest for any 737 at the time. That
aircraft was in the Aloha hangar for mainte-
nance at the time of the accident.

As I mentioned before, this accident has
spawned many questions concerning aging
aircraft, not only the 737, but all categories of
the so-called senior aircraft fleet. It has also
focused attention on the individual responsi-
bilities of the FAA, the manufacturer and the
airlines in maintaining the safety and integrity
of the system.

By that I mean the manufacturer’s respon-
sibility in the design, production and tracking
of their aircraft, the FAA in their role of certifi-
cation and surveillance, and the operator’s
responsibilities in their compliance with the
prescribed and approved maintenance practices.

These responsibilities, when properly
applied, should overlap and tie together to
form a buffer or a margin of safety to preclude
an accident like this. These joint responsibili-
ties form the premise on which safety of our
system is based.

Notwithstanding the facts of this accident,
it'’s my contention that the system almost worked
and I say it for these reasons. Very early on in

the service history of the 737, the manufacturer
issued several service bulletins pertaining to
disbonding corrosion and fatigue cracking
around the fuselage lap joint.

The fuselage is divided into sections, with
sections 41, 43 and 46 comprising the majority
of the pressure vessel. (See Figure 1) These
sections, along with section 48, are butt joined
together at circumferential frames to form the
entire fuselage. Section 43 forms the forward
cabin area, which was the area of the missing
upper section.

The sections are constructed of circumfer-
ential frames and longitudinal stringers that
are covered by formed skins which are rivetted
to the underlying structure of the stringers.
(See Figure 2)

Each skin panel in the upper lobe of section
43 is the length of the entire section, whichis 18
feet long. I think it is interesting how these
panels are constructed. Two sheets of .036 inch
aluminum are hot-bonded together. The tear
straps are formed by an acid milling process
which takes away one of the layers of skin in
the prepared places, and leaves a waffle-like
appearance with the tear straps spaced about
ten inches apart. The panels are joined longitu-
dinally by overlapping the edges of the indi-
vidual panels and fastening them with rivets
and a bonding process. One row of rivets se-
cures the lap joint to the underlying stringer
which in turn is attached to the frames by
riveted clips.

Through aircraft line number 291, single
thickness sheets at the lap joints are joined
together with a cold bonding process. The three-
inch overlap or lap joint area was single thick-
ness sheets for the two panels being joined. The
single thickness areas for thelap joint werealso
formed by the acid etch process. (See Figure 3)

The cold-bonding process used an epoxy-
impregnated glass cloth, which was about the
width of the joint, to join together these longi-
tudinal edges of the skin panels. Then, the
bonded joint was fastened together with three
longitudinal rows of countersunk rivets, the
middle row of which attached the skin to the
stringer. This formed thelap joint. This bond —
this cold bond — cured at room temperature
after assembly.
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SEE DETAIL I

Figure 1 — Lap Joint Inspection
{See Figure 2 for Detail 1; Figure 3 for Detail 2)

After aircraft number 291, Boeing discon-
tinued the cold-bonding process and used a
smooth close-fitting surface-sealed lap joint
with increased joint thickness. The overlap-
ping piece of skin was retained at the double
thickness and attached to a single thickness
underneath. This redesigned joint became
necessary as problems of delamination of the
cold-bonded joint were encountered.

The first service bulletin which concerned
the lap joint delamination corrosion repair was
issued in 1972. Boeing revised this service bulletin
three times, elevating it to alert status with the
third revision on August 20, 1987. This up-
graded state followed several reports from
operators of fatigue cracking along the fastener

locations of the fuselage lap joints. An inspec-
tion and repair procedure was included in the
service bulletin.

Following the third revision of the service
bulletin by Boeing, and in view of confirming
reports of multiple site fatigue cracking along
upper row fasteners, the FAA acted by issuing
an airworthiness directive in October 1987,
which required a visual inspection of the fas-
teners along the number 4 stringer — 4 left
and right — from fuselage station 360 to 1016
on all 737s with 30,000 or more cycles.

It specified that any cracks detected would
have to be repaired in accordance with the
instructionscontained therein and italso speci-
fied that if any cracks were found on the visual
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Figure 2 — Lap Joint Inspection (Detail 1, Typical Skin Lap Joint)

el e



William R. Hendricks

CRITICAL UPPER
ROW OF FASTENERS

7////////;7;;7//,’,/%%//4

© © ©

Y2

C
o

© O O

27

— - — —— D . - — Y - D WY ——— - o

TYPICAL FATIGUE
CRACK LOCATION

OUTER OR
UPPER SKIN

ADHESIVE

747

PP

© © ©

0@0

S

STRINGER

INNER OR
LOWER SKIN

inspection, an eddy current inspection would
be required along the entire length of that
stringer.

Inaccordance with the requirements of the
AD issued by the FAA in November 1.7,
Aloha inspected its entire 737 fleet, and on the
visual examination of the accident airplane at
least two areas of corrosion were found along
the number 4 stringer. These areas were prop-
erly repaired and, according to Aloha, theeddy
current inspection along the entire stringer, as
required by the AD, was also performed. Ac-
cording to the maintenance records, no other
defects were found.

However, after the accident the airplane
was inspected by NTSB and many other areas

Figure 3 — Lap Joint Inspection (Detail 2)

of detectible multi-site cracking were found
along the number 4 stringer as well as in many
other areas along the fuselage lap joints.

In the fall of 1987, prior to the FAA’s issu-
ance of the AD, the manufacturer, as part of its
aging fleet research program, had sent a team
of engineers to Aloha to collect data and to look
at some of these high-time 737s. Although this
accident airpiane was one of the four Aloha
737s with over 65,000 cycles, it was not one of
the airplanes examined during this visit.

In the general discussions with Aloha fol-
lowing the team inspection, and in its report
delivered to the operator on April 14, 1988,
which was two weeks before the accident, the
Boeing team did express concern about the
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condition of the higher-time airplanes as well
as about the adequacy of the maintenance
program to cope with the existing corrosion
problems in the corrosive environment that
Aloha operates in.

So, in theory the system was working. All
of the responsible parties were attuned to the
lap joint problem and had in fact taken some
form of action to correct this deficiency. These
actions were not sufficient and in this case the
system failed and an accident occurred.

The obvious questions are how and why
the system broke down and what are we doing
about it. Congressman Oberstar said it best at
theJune 1988 aging aircraft conference. He said
then that what concerns us all is not that there
isn’t a tracking system for aging aircraft. There
is. It’s not that the system wasn’t used because
it was. What concerns us is that most of the
right steps were taken but the system still
failed.

Boeing should have issued a service bulle-
tin to inspect cracks along the number 4 and 10
stringers, and they did. The FAA should have
issued an AD requiring an inspection of the
stringer on number 4 lap joints, and they did
about six months before the accident. Aloha
should have acted on these warnings, and they
did, but they didn’t find the problem.

A number of other people, including Con-
gressman Oberstar and NTSB members, also
asked these questions. Were the service bulle-
tins issued by Boeing explicit enough or early
enough. The Board said no, that Boeing should
have issued an alert service bulletin in 1984
after the first evidence of cracking along these
stringers were found. The regular service bul-
letin was issued and upgraded to alert status in
1987.

Was the airworthiness directive issued by
the FAA as complete, comprehensive or timely
as it should have been? The Board said no, the
FAA should have mandated the inspection of
all lap joints instead of limiting inspections to
the number 4 lap joints.

Were Aloha’s inspection personnel suffi-
ciently trained for the task? Were they skilled
and experienced enough to recognize the prob-
lem when they encountered it? Was the inspec-
tion as vigorous and meticulous as it should

have been to discover cracks? The Board said
notoall thesequestions. A proper eddy current
inspection should have detected those cracks
that were found along the number 4 lap joint
after theaccident. They indicated that eitheran
eddy current inspection was not conducted or,
if it was, it was ineffective.

Was the FAA's surveillance of Aloha’s main-
tenance programadequate? The Board said no,
the FAA failed to evaluate properly the Aloha
maintenance program and to assure that the
airline’s inspection and quality control defi-
ciencies were corrected.

AsIsaid before, thisaccident precipitated a
Iot of questions. Many of them were raised at
the last conference and are still under consid-
eration here today.

Do the current certification criteria and main-
tenance practices adequately account for the
present use of high-time, high-cycle airplanes?

Is aviation technology adequate to detect
early signs of impending failures of aircraft
structure or do we need more advanced detec-
tion technology?

Are the corrosion control techniques used
today adequate for high-time airplanes?

Are the human factors and realities of re-
petitive, visual and NDI inspections properly
accounted for in the design and expectations of
inspections programs?

Istherealimitto thelifespan ofanairplane?
And, if so, shouldn’t it be taken out of service
before it reaches that threshold?

I know that a good many actions have
already been completed and many more are
actively underway as a result of your efforts.
Withregard to the Boeing737,as you know, the
FAA last year issued an AD that required the
replacement of all upper row rivets for aircraft
291 and below, depending on the number of
cycles. That equates to about 7,200 rivets per
airplane and about $800,000 in expenses. So,
it’s a big job.

Also, the FAA issued some NPRMs, one of
which is applicable to the 737, which will re-
quire mandatory structural modifications to
thoseaircraft when they reach their economical
design goal. As I understand the meaning of
that, it’s the point in service where the mainte-
nance costs necessary to assure continued
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operational safety of an airplane would be
expected to increase significantly due to age-
related factors. Perhaps differently interpreted,
it is the point where it becomes economically
unfeasible to operate these airplanes.

For the Boeing 737 that goal was set for
75,000 cycles or 20 years. Considering the origi-
nal cost of a 737 which was about $6 million,
and thecostof anew 737 today, whichisat least
$30 million, I would think that that economic
design goal will be pushed out even further.

The requirements of the new NPRMs rep-
resent a significant change in the philosophy
regarding the maintenance and safety of aging
airplanes in that it sets a life limit on individual
parts considered to be critical structure. This
differs from the long-standing philosophy and
practice of repetitive inspections and appropri-
ate repairs to assure safety throughout the
lifetime of that airplane.

I think these actions are a positive step in
the right direction and we all look forward to
more recommendations from the participants
of this conference which will address the con-
tinuing aging aircraft problems.

Althoughinthe Aloha case, wedid havean
accident, and indeed an example of how the
system didn’t quite work, I would like to con-
clude ona positive note by saying that I believe

this is an isolated exception to the proven
record of safety by all of our transport aircraft.
I base this conclusion on the thousands of air
carrier hours that are successfully flown each
day all over the world.

All one has to do is go to one of the major
airports and look at the scope and the tempo of
the operations and the complexity of the tech-
nology involved to realize how extraordinarily
safe our system is.

The magnitude of this accomplishment is
not only a tribute to the improved technology,
but also to the constant attention to safety that
is deeply imbued in this industry and by the
organizations that comprise our system.
However, any failure, no matter how small or
insignificant, must be recognized and corrected
before an accident occurs.

Thus, while we did have a breakdown in
the system in this case, we now havea tremen-
dous effort underway to look at these deficiencies
and make whatever corrections are necessary.
This, after all, is the purpose of this conference,
to effect corrective action so that we don’t have
another similar accident.

Ithinkit'sa great benefit toaviation to have
the experts in this field meet together to resolve
these most challenging issues, and we all look
forward to the resuits of your discussions.
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Session III: Corrosion

CHAIRMAN JouN J. DE Luccia

Manager, Aerospace Materials Division
Naval Air Development Center

This is the second international conference
on the topic of aircraft aging, but since the first
international conference did not have corro-
sion as a speciic session, this will be the first
time we’re addressing this topic in regard to
aircraft aging.

Our laboratory is concerned about Naval
aviation materials and specifically about their
protection. We have the most severe natural
environment known to man, one in which we
routinely fly our airplanes.

The fact is that some mechanical failures
have their origin in corrosion and its electro-
chemistry so we want to look at that aspect in
great detail.

lalso want to bring out now the fact that we
have been flying some Navy airplanes — for
example, the A-3 — for upwards of 35 years.
Bear in mind that we fly in the world’s worst
environment and we have been able to do this
with the same airplane for 35 years.

Youmight say then, thattheanswers areall
there. Yes, the answers are there. We do know

how to protect airplanes and we do know how
totreat corrosion. However, youhave torealize
that in order to maintain our airplanes, we
expend a lot of manhours and we in the military
are not concerned with profit. We’re concerned
with mission. Thus, for our F-14 airplanes it
takes, and we give, about 10 maintenance
manhours per flight hour specifically devoted
to corrosion. So, it takes a very labor-intensive
effort to make sure that those planes are prop-
erly maintained.

Figure 1 shows the triad relationship we
discussed before. How could we, the Navy, fit
into the triad?

The FAA, asked us to share some of our
products, procedures, techniques and knowl-
edge with them with regard to corrosion. So,
our little bubble at the upper right-hand por-
tion of the triad is essentially us giving the
information to the FAA.

Before we go on to the formal topic, I again
want to say a few words about the topic of
aging and corrosion. It’s important to look at
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that word “aging.” The word aging, implies
time. We find that the phenomena of time has
different effects as you look at corrosion.

The left-hand portion of Figure 2 is the
time-dependent phenomena that we see on air-
planes. The corrosion that we see on airplanes
that is time-dependent — general attack, pit-
ting, exfoliation, crevice corrosion and filiform
corrosion — all take time. What do they do?
They give us slow failure.

There are other phenomena that are time
independent. Those phenomena are, stress
corrosion cracking and environmental embrit-
tlement. These things happen without warn-
ing. These are catastrophic.

In the middle of the figure we have time-
related corrosion phenomena, and primary

among them is corrosion fatigue and inter-
granular corrosion. Corrosion fatigue is a topic
of extreme importance and of extreme interest.

People very frequently talk about fatigue,
fatigue life, endurance limits and design loads
and so forth and they’re not taking into consid-
eration the environment. I was gratified to hear
Clyde Kizer make the statement that you throw
everything away when you have corrosion
with regard to fatigue because when you have
corrosion you don’t have an endurance limit,
you don’t have a design stress that you meas-
ured in the laboratory under dry conditions.

Our speakers will talk about these topics
and hopefully we’ll all go away smarter so that
we can preclude some catastrophic and long-
and short-term failures on our aircraft.

B33
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Corrosion

J. A. MARCEAU

Principal Engineer
Boeing Commerical Airplanes

I'would like to thank you for inviting me to
this conference. It's a pleasure to stand here
and talk to this group of people involved in the
aircraft industry.

I've spent a fair amount of time in recent
years with the aging fleet problems. What I
want to share with you today are some of the
highlights of what I've seen as a manufacturer
over the years as a result of the aging fleet
survey that Boeing conducted in the last two or
three years. I'm going to talk about the basic
corrosion control practices that we have been
using on aircraft over the last 20 years. When
I'm finished you will have an understanding of
what we’ve done in the past and what we’re
doing today.

Normal signs of age are usually wear and
fatigue. These are somewhat predictable and
canbeaccounted for by theairline maintenance
program to preclude major structural prob-
lems. But corrosion is a very insidious prob-
lem. The only thing you can be sure about with
corrosion is that you're going to have it. But
you cannot predict how severe it’s going to be.

Boeing conducted the aging fleet survey

and there were a number of survey findings
that came out of the investigation. The most
significant was corrosion. It varied significantly
between operators and within an operator’s
fleet.

Airplanes that were in corrosion preven-
tion programs from the very beginning of serv-
ice had very few corrosion problems as they
aged. Repairs may be required more frequently
if the corrosion program was implemented
later in the life of the aircraft — then the opera-
tor could expect to continue to have corrosion
but at a lower level than if they did not do
anything.

In a few cases corrosion had progressed to
the point where extensive repairs were re-
quired. Also, we found that washing, if done
properly, removes corrosion-inhibiting com-
pounds that then have to be replaced.

There are a number of causes of corrosion
and these start right from the very beginning of
airplane design. (See Figure 1) For example,
you could design good drainage into the air-
plane, which will help, or you could not, which
can create problems in the life of the aircraft.
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Figure 1

Stress corrosion cracking problems result from
the use of materials that are stress-corrosion
sensitive.

Next you have the manufacturing process-
ing situation. What’s on the design drawing
has to be done in manufacturing, but if there
are any manufacturing deficiencies, they can
also affect corrosion. Additionally, you have
material finishing processes that are very, very
critical. Once the aircraft is delivered, it’s in the
hands of the operators and there are a number
of factors that influence corrosion. You can
have finish deterioration, chipping, scratching,
breaks in the paint, abrasion, or deposits. Just
general age of the finish can enter into the
problem. You also have environmental condi-
tions within the airplane.

For corrosion to occur, there is one element
that you need, and that’s water. However,
water cannot be eliminated from the airplane
since there is always condensation.

Condensation provides the carrier for the
electrolyte that’s going to cause corrosion. That
can be compounded if the airline carries ani-
mals. There is a lot of water given off by ani-

mals and a tremendous amount of condensa-
tion. A lot of air carriers carry seafood in the
cargo holds. These containers leak quite often
and the essential ingredient for severe corro-
sion, plain common salt, is there. That canbe a
big problem. You can also have microbial ef-
fects, particularly in fuel tanks. The fuel can
support microbes and the byproducts create
corrosion.

Then you have accidental contamination
such as lavatory spillage and galley spillage.
These provide good electrolytes for corrosion.

I'd like to share an incident that I observed
back in the late 1970s. We had delivered a
brand new 727 to an operator. It was only a few
months old and was down in Miami when it
had afire onboard whilesitting on the runway.
It burned through the crown of the 43 section.

The plane was ferried back to Seattle and it
was repaired. I looked at the structure several
weeks after the fire and the smoke residue that
had condensed on the stringers, frames and
throughout the entire fuselage was already
causing corrosion.

We had to wash it out, spray it down with
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a neutralizer, and then we sprayed it with a
corrosion inhibiting compound. Even with a
small fire, the smoke residue can be very, very
harmful.

Last but not least, is the maintenance area.
How the operator conducts his maintenance
program, how he trains his people, and his
awareness of corrosion problems plays a tre-
mendous role in how badly corrosion will occur.

In the aging fleet survey we found that the
most significant factor in the corrosion prob-
lem of airplanes was the operator’s mainte-
nance program. His corrosion control program
and how well he carried it out, not the geo-
graphic location or the flight profiles or whether
or not there are sea coast or industrial environ-
mentsinvolved was the most significant factor.

Id like to touch briefly on various types of
corrosion. Perhaps the most common form of
corrosion in an airplane is just simple crevice
corrosion where water and the electrolyte get
in between two parts.

Perhaps one of the most serious forms of
corrosion is intergranular corrosion (exfolia-
tion), where a lot of the structure is rendered
useless with minimal amounts of consumption
of the me.al itself. Most of this corrosion takes
place in the grain boundaries, in the grain
structure itself. The grain itself is not being
corroded substantially.

Another very detrimental form of corro-
sion is stress corrosion cracking. You can’t
always see the crack, but it’s there. When you
have stress corrosion cracking, there is very
little consumption of metal involved but the
structure itself is rendered almost useless be-
cause of the loss of structural integrity.

Pitting corrosion can create fatigue cracks
or stress risers which result in fatigue cracks.
You can have that in the bore of a hole or
perhaps even on the skin where you have
enough pits occurring that could result in fa-
tigue cracking.

Another initiator of corrosion is dissimilar
metals, such as having an aluminum nickel
bronze bushing in an aluminum housing.

There are other forms of corrosion that
aren’tas destructive such as general corrosion,
filiform corrosion and so forth.

As a result of our general experience with
corrosion reports and the aging fleet survey,
wehaveanumber of areas of concern wherewe
have most of the corrosion problems, and rather
severe problems at times.

Areas of concern include the galley, under
the lavatory, at pressure bulkheads, near en-
tryways and cargo doors, in bilge areas, belly
skins, stringers and lap splices.

When the lap splice delaminates, if the hot
bond is a marginal bond, you can have delami-
nation of the bond material in the chem mill
pocket and that’s a perfect site for crevice cor-
rosion.

The lap is exposed to the exterior environ-
ment, which is a rather aggressive environ-
ment. There are industrial pollutants, salt and
so forth in the environment that ingress through
the lap splice, causing that particular area to be
quite vulnerable on the 737.

Another problem area is in the wings. The
spar buildup areas have a lot of crevices where
waterand electrolytes would getinand we had
alot of corrosion of spar cords, webs and wing
skin planks against the spars and on the em-
panage.

The 747 has a very large sump area at the
rear spar of the wing center section and we
have a lot of drains incorporated theve to re-
move the water. Now, if that area is not prop-
erly maintained and water sits in what we call
the guppy pond, you can have rather severe
corrosion in that area. Someone found a dead
frog in a 747 in that area.

Another common corrasion area is pin joints
where bushings are pressed in a bore of a hole.
Water gets in around the bushings if they are
too loose and not sealed properly and you get
corrosion inside those bores. That's pretty
common whether it’s aluminum or steel.

Over the years we’ve learned a lot about
what causes corrosion and we’ve done a lot
over the years to improve the corrosion-prone
areas of our airplanes.

The basic design philosophy today is quite
a bit different than 20 years ago, from the
corrosion standpoint. Some of the significant
changes deal with materials selection. (See Figure
2) The two materials on an airplane that are
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e Materials selection
e Effective drainage
¢ Finish system selection
System = Surface treatment process

+ primer/enamel

¢ Elimination of crevices by faying
surface sealing

¢ Use of corrosion inhibiting compound

¢ Personnel training

¢ Continual use of corrosion inhibitors

¢ Planning forcorrosion and factoring
in the time to clean up corrosion

early during ““C”” and HMV checks

e Accessibility to the structure

Figure 2 — Design Philosophy
Significant Factors

really prone to corrosion are aluminum and
steel. I'm concentrating mainly on aluminum
because that comprises about 80 percent of the
aircraft structure, although steel has basically
the same problem.

[f you build an airplane that’s not going to
corrode, you probably couldn’t fly it because it
would either cost too much or it would be too
heavy. But we make a lot of material compro-
mises based on weight, cost, function, and
reliability to build an efficient structure.

The significant factors beyond that become
effective drainage, finish system selection, and
elimination of crevices. The way wedo s this is
we surface seal —and use corrosion-inhibiting
compounds.

Wehavemade corrosion improvements on
the 737, and today we have a tremendous
number of improvements on the current pro-
duction 737s as well as 747s. The newly de-
signed 767s and 757s have these improvements
incorporated.

Figure 3 — Preventive Maintenance
Significant Factors

From the preventive maintenance end, what
the airline has to do is have good personnel
training, use corrosion-inhibitors on a continu-
ous basis and plan for corrosion in their main-
tenance programs. Plan foritbecauseit’s going
to exist. (See Figure 3)

Accessibility to structure is also very im-
portant, as is cleaning. However, if you do too
much cleaning, you have to reapply inhibitors
and regrease the structure, otherwise you run
into problems.

In summary, corrosion of airplanes is a
combined effect of materials selection, design
details, processing, finishes, maintenance pro-
grams and the operational environment. (See
Figure 4) The thing I want to stress here is that
the airplanes we build today are totally differ-
ent than the ones that are in the aging fleet
today. Their corrosion performance should be
tremendously better.

However, one must keep in mind that cor-
rosion is still going to occur and you have to
keep looking for it. You cannot slack off on
your corrosion prevention programs until we
build up a base, a history on these newer
airplanes.
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Corrosion of airplanes is the combined effect of:
— Materials selection
t — Design
— Detail processing/finishing
! -~ Maintenance programs
! — Operational environments

! Airplanes manufactured today will have fewer corrosion problems than those in
y the current aged fleet because of:

‘ - Significant design and corrosion protection improvement

— Operators increased awareness of their role in preventive maintenance

¢ Maintenance and corrosion control programs will still play a major role in the
control of corrosion as airplanes age

Most significant factors in controlling corrosion:
— Drainage
- Sealing faying surfaces in corrosion prone areas
— Finish system
- Liberal use of corrosion preventive compounds
- A good corrosion control maintenance program

Figure 4 — Summary
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CHARLEs HEGEDUS

Team Leader, Organic Coatings, Aerospace Materials Division
Naval Air Development Center

Figure1 indicates therelative corrosivity of
several environments. We show an industrial
locationand a couple of seacoast locations. The
aircraft carrier is two or three times more corro-
sive an environment than these other areas,
indicating that this is truly one of the most
corrosive natural environments known to man.

One example of a severe location is the
Indian Ocean (see Figure 2). Through the months
of May and August there are continuous over-
cast skies, high winds and temperatures rang-
ing from 80 to 90 degrees Fahrenheit. Relative
humidity is 80 percent or higher during theday
and close to 100 percent at night. There is a
continuous mist of salt particulates in the air.

What I'm showing here is that the Navy
performs in an inherently corrosive environ-
ment. Dr. DeLuccia’s depiction of corrosion
damage illustrates that corrosion is a thermo-
dynamically and kinetically preferred process,
which means that corrosion prevention and
control need to be a continuous process.

My objective today is to describe how the
Navy approaches its efforts in preventing cor-

rosion and to try and illustrate how that tech-
nology could be transferred to the commercial
arena.

Obviously, the first place to start is with
design. When the Navy is going to build air-
craft it builds design requirements into the
contract. We specify design documents and
guidelines. We very heavily depend on design
evaluations and reviews where we go out and
observe how they’re building aircraft or air-
craft components. Some documents address
what the Navy is looking for in corrosion pre-
vention and control.

There are three levels of maintenance within
the Navy. The first is the organizational level.
This is the squadron, the people who are actu-
ally hands-on, day-to-day, every hour. Essen-
tially they are performing maintenance for
equipment that is still on the aircraft. When
they spot some corrosion, they try to remove it
tosome extentand apply corrosion-preventive
compound. It’s a very quick but effective means
of a continuous day-to-day type of maintenance.

Ifthere is a major piece of equipment that’s
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The continuous southwest monsoon
during the months of May through
August produces extremely high hu-
midity and low ceilings. The weather
during this period is unchanging.

Overcast — 1000 to 1500 feet
Winds — Southwest at 10-20 knots
Temperature — 80-90°F

RH — 70-89% Day
95-100% Night

Continuous salt/ particulate mist in the
air up to 3000 feet

Figure 1 — Corrosivity Simulation
of Aircraft Environment

damaged, or something that needs to be re-
placed or repaired, it can be taken off the plane.
The part goes to an intermediate maintenance
activity. The extent of the repair effort is at a
much higher degree and level of sophistication.

Finally, there is the depot level. This is
where the entire aircraft is brought intoa depot
and is put through a major overhaul. Navy
aircraft are, in many cases, originally designed
togo foradepotoverhaulapproximately every
four years.

We have a good handle on what is causing
corrosion and the fleet is doing a good jobon a
day-to-day basis. Because of this, depot inter-
vals have been increased to five, six, and possi-
bly seven years. When an aircraft’s depot cycle
is due, engineers from the depot go out and
inspect the aircraft, and if they feel it can go for
another year without any problems, they ex-
tend the depot cycle a year. That will continue
until the plane essentially needs to be rebuilt.

To emphasize the importance that the Navy
puts on corrosion control, let’s listen to this
policy statement. “’Each command shall place
special emphasis on the importance of the
corrosio™ control program and lend its full

Figure 2 — Environmental Conditions in
Indian Ocean

support to ensure that corrosion prevention/
control receives a priority for timely accom-
plishment.” Greater than 90 percent of the
sailors who work in the aviation branch of the
Navy receive some form of corrosion control
training. It doesn’t matter what their job is;
they receive corrosion control training. That is
Navy policy. To state it briefly, corrosion is
everybody’s business in the Navy.

Corrosion documentation forms are used
by the organizational and intermediate level
people to keep very fine records of when and
where they work on an aircraft. They docu-
ment exactly what is done to the aircraft. This
gives engineers a good handle on what is oc-
curring, which might indicate why it is occur-
ring, and eventually how it can be stopped.
There is now a huge data base on this type of
information.

There are 89 intermediate maintenance
activities. Most of these are on shore, but there
is an IMA on each aircraft carrier. 127,000 re-
pairableitems are processed per month; 94,000
are ready for issue, and 64,000 are repaired per
month. But the Navy still has its corrosion
problems. It’s a continuing battle.
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Figure3showsournewestaircraft,anF/A-
18, which obviously doesn’t relate to a com-
muter aircraft, but it illustrates that even though
we havea good handle on what is going on, we
still have problems.

One area that I'd like to point out is the
dorsal longeron where there is extensive pit-
ting. It's really amazing. This corrosion proba-
bly starts soon after the aircraft is built, to tell
you the truth. Essentially, this area consists of
aluminum and some graphite epoxy compos-
ite. There is also some copper and silver. You
see the disadvantages. I guess one of the ad-
vantages is that it probably could act as a
second battery, if the aircraft ever needed it.

There have been about four fixes to this so
far, and we always end up with a corrosion
problem. There must be other reasons why it
keeps occurring. But this is an example of
something that could really have been pre-
vented during design, and now the sailors
have to deal with it on a day-to-day basis.

There are obviously quite a number of
corrosion-prone areas on this P-3 aircraft. (See
Figure 4)

'l mention a little story about one of the
areas. It’s an antenna, which is located on the
underbelly of the aircraft. The antenna door
has somebonding strips which are copper,and
they attach to aluminum. Obviously, there’s a
corrosion problem there. That really was the
obvious problem. As it turns out, right above
thedoor there isa battery which hasa tendency
to leak onto the antenna.

It’s hard to understand how people design
things like this, but it happens.

As Dr. DeLuccia mentioned, we are in the
Aerospace Materials Division at the Naval Air
Development Center, and what I’d like to do is
describe how we help the Navy in addressing
its corrosion problem.

We provide the research and development
and fleet support to assist everything from
design to what goes on on adaily basis. I guess
it’s in my job description to say that we are the
best in the world at what we do. That sounds
like boasting, but in a sense it's true, because
we're forced to be. If you think about it, no
airline or ro other “air force,” performs or
operates in an environment anywhere close to

what we operate in on a continuous basis. In
the Navy we address this issue from a full-
spectrum approach of fundamental research
and development, design and procurement,
and maintenance activities.

In our laboratory, we simulate, to some
extent, the aircraft carrier environment. We
have a fairly extensive program where we mount
exposure racks onto aircraft. This allows us to
expose specimens and study how they cor-
rode; the mechanisms and the time to failure; et
cetera. We also try and simulate that in the lab.

One particular chamber we use is a salt
spray/SO, chamber that we quite frequently
use in investigating corrosion phenomena. Of
course, we also do a battery of electrochemical
and other types of exposure studies.

Figure 5 is a schematic of a stress corrosion
cracking experiment. Obviously, if you have a
crack, there is always a possibility of stress
corrosioncracking. Itis possible to analyze this
situation, and this is what we're doing, evalu-
ating this phenomenon from a fracture me-
chanics standpoint. Our objective is to develop
inhibitors to prolong or stop initiation or pro-
long propagation of any stress corrosion
cracking.

Another phenomenon thatis receivingalot
of attention at this conference is fatigue. The
upper curve of Figure 6 is a fatigue graph
(stress versus number of cycles) for a specimen
that is exposed in “normal” air. Note that most
materials have an endurance limit. This endur-
ance limit tells the design engineer that he can
design to that endurance limit and feel fairly
secure that the part won't fail.

Unfortunately, when you expose that same
material to a corrosive environment, the fa-
tigue curve drops down. This figure says two
things: One, not only does the number of stress-
to-cycles curve drop dramatically, but it also
says that there is no ““design limit.” So no
matter what you do, you can’t design the fa-
tigue failure out of the system, unless you
maintain and consider this on a daily basis.

One approach we are working on is to
develop instrumentation to test for the pres-
ence of hydrogen in high-strength materials.
What we’re worried about is hydrogen embrit-
tlement.
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This instrumentationis not being used ona
continuous basis, but we have several proto-
types and we’re checking them out in the fleet.

Figure 7 addresses some of the materials
that we’re working on. We have developed a
mixture or a cocktail, if you will, of inhibitor
materials. We call it DNBM; that’s short for a
number of inhibiting compounds we mix to-
gether. When they’re together they address a
number of corrosion mechanisms, and there
are probably some synergistic effects when
they’re mixed.

The figure shows that the treatment with
DNBM on a continuous basis shifts the crack
velocity versus K__(stress corrosion cracking)
over to the right fairly dramatically.

On the other graph, we have corrosion
fatigue, and again, we see a shift in the curve
when DNBM is applied on a continuous basis.

IguessIshould mention that this particular
inhibitor mixture, is still in the research phase.
Ithasbeendeveloped, butnow wearetrying to
apply it by putting it into corrosion preventive
compounds, paints, greases, lubricating fluids,
et cetera.

Corrosion preventive materials such as
AML-350, AMLGUARD, and WDP are some
of the materials that are used in the fleet on a
daily basis. Essentially, they are corrosion
preventive compounds that displace water.
They are designed to be touch-up materials.
And of course, when you’re taking care of an
aircraft on anaircraft carrier, even onaniceday
there’salot of humidity, there’salot of conden-
sation. Even if you prepare the surface before
applying a paint or a corrosion preventive
compound, there’s still a good possibility that
there’s some water left on the surface.

So these materials were designed specifi-
cally toaddress some surface chemistry issues.
When you apply the material, if there happens
to be water on the surface that’s being coated,
the compound willdisplace the water and form
a barrier between the environment and the
substrate. This type material ranges from soft,
greasy-like materials, toactual paints,and they
are being used on a continuous basis out in the
field.

We recently developed what we call a self-
priming top coat. Our name for it is “Unicoat.”
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Normally, when aircraft are painted (commer-
cial aircraft or military aircraft) a corrosion-
preventive primer is applied first. It'san epoxy
material with some corrosion inhibitors and
then a polyurethane top coat is applied. The
primer is there to promote adhesion and en-
hance the corrosion inhibition properties of the
paintsystem. Thetop coat is primarily there for
aesthetics, but also for chemical resistance and
weather resistance.

Unicoat was designed to replace those two
coatings with just one coat. It contains some
corrosion inhibitors, but it also can be tailored
to a number of different colors. And it has
obvious implications as far as weight savings,
application, manpower, time and material
savings. Also, it contains no chromate materi-
als, and has lower volatile emissions, which
has huge environmental implications. This is
an enormous issue in reworking aircraft these
days.

This particular coating is not in a full-scale
production phase yet. However, we have painted
11 aircraft, four of which were painted approxi-
mately two years ago. Some aircraft that have
seen nine months of sea duty, look as good or
better than those that used the standard paint
system. So the Navy definitely sees the poten-
tial of saving a lot of money with this particular
coating, without sacrificing corrosion inhibi-
tion properties.

Figure 8 is a list of manuals that we control.
The manuals address a number of issues: air-
craft cleaning and corrosion control, avionics
cleaning and corrosion prevention, preserva-
tion of aircraftand ground support equipment.
These manuals are used on a daily basis by the
fleet. They also provide a direct and official
means of transferring our technology from an
R&D center to the person who is touching and
working on the aircraft every single day.

This technology, the manuals, the materi-
als and the specifications are available for tran-
sition. As a technologist, I feel that what I do
just isn’t worth it unless someone is actually
using the technology, whether it’s in the mili-
tary or in the commercial area.

As far as naval aviation corrosion control is
concerned, there are three major issues that
need to be continuously addressed; and that is
design, preventive and corrective actions on a
continuous basis, and a continuous research
and development program to address state-of-
the-art issues. If a new alloy comes out, we
need to address it. New inhibitors are being
introduced every day that could be appropri-
ate for paints and corrosion preventive com-
pounds.

The technology that we are developing is
definitely available for transition to the com-
mercial community. (See Figure 9)
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Contain technical information detailing corrosion prevention/control procedures
and required corrective acions.

I- NAVAIR01-1A-509 - Aircraft cleaning and corrosion control

II- NAVAIR 16-1-540 - Avionics cleaning corrosion/prevention control

III - NAVAIR 15-01-500 - Preservation of naval aircraft

IV- NAVAIR 15-02-5-  Preservation of aircraft engines

V- NAVAIR 17-1-125- Ground support equipment cleaning and corrosion control

VI - NAVAIR maintenance publications peculiar to specific aircraft models
and related equipment

Figure 8 — Techricai Manuals
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Standards and Systems Division, United Airlines

Good afternoon. I've worked for United for
23 years, so we've had plenty of time to develop
corrosion programs. We’ve had Boeing 727 air-
planes from the start,and B-737s from the start.

United hasa fleet of well over 400 airplanes.
We operate throughout the United States, North
America and the Far East. These airplanes vary
in age from brand new — we’re getting deliv-
eries every week—towell over 25 years old. So
consequently, the degree of corrosion protec-
tion incorporated into design of the airplane
varies from virtually non-existent with some of
the early airplanes, to fairly extensive on the
later airplanes.

Because of this, our corrosion control pro-
grams are tailored to individual fleets, depending
on age, prior experience, flight environment
and degree of corrosion protection incorpo-
rated into the airplane prior to delivery.

In addition to maintaining all the protec-
tive finishes, we apply corrosion-preventive
compounds, such as LPS-3 or Dynol, to all
areas on periodic visits. Qur periodic mainte-
nance visits are established on the basis of
maintaining the structural integrity of the

airframe by minimizing the amount of struc-
tural corrosion repairs required.

The optimum program would be one where
the only repairs necessary would be restora-
tion of protective finishes. This of course is not
achievable. However, it is possible to maintain
the integrity of the airframe indefinitely by an
effective treatment and prevention program.

Treatment of corrosion depends primarily
on the amount and severity of the corrosion
found. In most cases, the corrosion is fairly
localized and easily repaired. Where corrosion
blend-out exceeds structural repair manual
limits, localized repairs or replacement of parts
is used to restore structural integrity.

The exception is adhesive bond corrosion,
which I believe everybody here is well aware
of. This type of corrosion is generally wide-
spread and difficult to contain. In most cases,
skin panel replacements and extensive skinlap
repairs are the only effective method of repair.

When this occurs, we take advantage of the
opportunity to upgrade the corrosion protec-
tion of the underlying structure. Stringers and
frames are repaired or replaced as necessary,
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and protective finishes are reapplied. Single-
thickness, non-bonded skin panels are installed
with faying surface sealant, and corrosion pre-
ventive compound is reapplied to all areas.
This procedure in effect restores the reworked
area of the fuselage to an as-new condition as
far as corrosion protection is concerned.

Prevention consists mostly of restoring the
protective finishes on the airplane that the air-
plane came with, or in some cases applying it
for the first time. After the protective finish is
restored, we then apply corrosion preventive
compounds.

At approximately four-year intervals, we
open up all internal areas where spillage accu-
mulates below the galleys, the doorways, the
lavatories, the cargo compartment sub-floors,
and external fairings. We doa completeinspec-
tion and restore the protective finish, and then
reapply the corrosion preventive compound.

In areas where the moisture accumulation
is not significant, such as internal areas in the
cabin or the stabilized internal structure, we go
into that area at approximately eight-year in-
tervals. In those areas that are subject to a
severe external environment, such as wheel
wells and wing spars, corrosion preventive
compounds are applied annually.

The indicated figures show typical examples
of corrosion found on in-service airplanes. The
repairs range from relatively simple, to complex.

Figure 1 is a 737 airplane, and one that’s
been reworked. The upper row of the fasteners
are universal head fasteners that were put in.

Figure 1

This airplane is over 20 years old. As you can
see, there are still a lot of airplanes in service
that have the bond intact, and no delamination
and no corrosion.

Inthis case, wehaveremoved the fasteners,
done an eddy current nondestructive inspec-
tion, oversized the hole and put in universal
head rivets in the skin lap. On the inside, we
have applied corrosion preventive compound
to the seam between the joints.

Now this in effect eliminates the fatigue
problem. However, it does not end the corro-
sion control problem. This airplane will still
receive anannual inspection for corrosionatall
the skin laps, even after the modification has
been completed.

Figure 2 shows an airplane where we are
replacing a skin panel. The underlying struc-
tureis what I'mreally trying to show here, and
you can see it’s almost as if it’s a new structure.
Once you eliminate the bonded panel and get
rid of it you are starting out, as far as the
corrosion protection is concerned, just as you
would as if the airplane was new.

What we do is install the new panel with
universal head rivets to eliminate the counter
sinks in all of the original fastener locations on
the old panel. The new skin is put in with
faying surface sealant. Again, wherever pos-
sible, we do not go back in with bonded skin
panels.

Figure 3 shows the opposite extreme. On
the left you have extensive light to moderate
surface corrosion. You can see all the white

Figure 2
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Figure 3

powderresiduebuiltup on the joint. Theactual
corrosion on this lap, however, in most cases
does not exceed the 10 percent limit. In fact,
what we found is that once you clean the corro-
sion products off theairplane, the actual loss of
material is minimal. However, getting the cor-
rosion products out of there usually means that
we exceed the 10 percent limit because we can-
not control the methods of removal.

Figure 4 shows a skin lap repair. What we
have found is that if you are going to repair the
skin lap, it’s better to just cut the full length of
the panel and install a full-length repair dou-
bler on the lap. This eliminates the entire bonded
joint.

Again, you can see above where we are
replacing the remaining fasteners with button
head fasteners in the lap.

Figure 5 shows another skin lap repair, and

Figure 5

it’s a fairly extensive one. This one is only on
the upper skin. But again, it’s almost a full
panel-length repair.

Figure 6 shows another 737 panel replace-
ment. You can see the rework going on, where
we are putting in universal head rivets. The
next panel down, you can see the skin cut out
for a corrosion repair. Then we replace the
entire panel.

I'd like to point out that you can see the
condition of the stringers and the frames under
the skin and their relatively good condition.
When the panel goes back on, we would first
put faying surface sealant back on those frames
and stringers.

Figure 7 is a better shot of the area. You can
see where the primer has been reapplied to the
stringers and the frames. You can see the con-
dition of thebonded straps, whereall theadhe-
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sive remains have been cleaned off. The struc-
tureis alodined and primed prior to putting on
the new panel. The intention is to go back with
a panel that is non-bonded wherever possible.

Figure 8is showing you the condition of the
panels now. The deep dark purple or plasti-
cized color shows you the delamination. The
red light spotty areas where you see the white
powder residue, which are the oxides, is the
actual corrosion. Up in the upper corner is an
indication of where the bond is still good. And
it’s very descriptive of showing the three stages
ofbonded panels here. You havedelamination,
corrosion and good material.

Figure 9 is showing a galley area. You can
see the pressure dome bulkhead and the area
under the doorway, which is essentially where
the galley and lavatories sit, and where you get
the spillage. The corrosion has been cleaned

Figure 8

Robert DeRosa

Shw g\\m% ek “&;‘y

"\\.q anwr

Figure 9

out on these frames and reinforcements have
been applied per the SRM.

Incidentally, all repairs that we install,
whether they are skin repairs or extruded angle
repairs, are installed with faying surface seal-
ant between the repair and the primary structure.

Figure 10 is some typical cut-out doubler
repairs. Thereworked areas have been done by
reinstalling the universal head rivets.

Figure 11 is another door doubler, and it
shows how extensive the damage can get when
you have corrosionand fatigue cracks building
up that extend through all the layers of the
external skin and throughout the doublers. It
also shows you another area that's very
critical—make sure you pull up scuff plates on
a routine basis and make sure that you check
the area in the entryways of all the doorways.

Figure 12 is a shot that shows the cabin

Figure 10
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Figure 11

interior of an airplane, just generally to show
the condition. The general condition in the
cabin area is very good.

After any work that has to be done is ac-
complished, the primer would be touched up,
and then prior to installing insulation blankets
the corrosion preventive oils or compounds
will be reapplied to the entire structure.

Figure 13 shows the horizontal stabilizer on
a727.This onein particularisanarea wherewe
have problems. We found that in a majority of
early airplanes, dissimilar metal bushings were
installed without primer, paint or anything.
The holes were bored and the bushings just
shoved in there dry. Luckily, the design was
such that there was plenty of material, so that
we could oversize the holes and then reinstall

Figure 12

Figure 13

the bushings wet with primer, or with sealant.

Figure 13A is another shot showing the
rework of some clevis joints, where we were
getting corrosionbetween thetensiontiefitting
on the 727. We had fretting corrosion on the
clevis lugs where they mate.

Figure 14 is a main wheel well of a 727. You
cansee the general condition of the 950 forging
and the start of the outer spar cord.

We clean the wheel well so that the inspec-
tions could be accomplished, and after the
inspections are completed we reapply the cor-
rosion preventive compounds.

Figure 15 is another shot of the main land-
ing gear beam attach link on a 727. It's just
showing the general condition.

Figure 16isa 727. What we're doing here is

Figure 13A
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replacing the two aft-belly skin panels. These
run from body station 950 to body station 1183,
from stringer 26-left to 26-right.

We have a somewhat unique problem on
the 727, in that the bonded panels, unlike the
737 where the panels were bonded and then
chemically milled, were not chem milled. So
corrosion preventive compounds do not help
you very much on a 727. Once the panel is
delaminated and you have corrosion starting,
the oils cannot penetrate, because in some cases
it would have to travel 12 to 18 inches, and we
know that the range that the preventive com-
pounds can penetrate is not that great.

Rather than continue patching the airplanes,
we elected to replace these panels. We started
in about 1972, and went through all of our
dash-100 airplanes. We had 90 of them and we
replaced the panels. In some of the early ones,
where we couldn’t get the single thickness
panel, we had to go back in with the bonded
panels. In some cases we replaced those panels
twice.

Figure 17 shows the corrosion repair around
anoutflow valve. Thisisone of theareas where
it is virtually impossible to prevent corrosion.
When you get spillage out of the service tanks
for the lavatories, all you can really do is make
sureyouhavea very effective corrosion protec-
tion program and do periodic inspections to
ensure the integrity of the area.

Figure 18isthecenterengineinletductarea
of the 727.

Figure 19 is related to the stress corrosion

Figure 17
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problem that we have on the 727s and early
737s, which is the 7079 T-6 forgings. We have
replaced quite a few of these forgings. This
particular one is the 950 bulkhead forging and
is a fairly large-sized one to replace. However,
the reason for showing this is to indicate that
you can do fairly extensive parts replacements
when necessary.

Figure 20 shows another part that is fre-
quently replaced. It’s the drag brace support
beam in the nose landing gear wheel well. It
was one of the problems associated with the
bushings being installed dry. In a lot of cases,
the corrosion is so extensive that we had to
replace the fittings.

Figure 21 shows the nose landing gear

Figure 19
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Figure 20

trunion support fittings. The bearing bores are
a fairly corrosion-prone area. In this case, after
the corrosion is cleaned out and the bore over-
sized, we contact anodize the surfaces and re-
install the bushings.

Figure 22 is another repair and skin lap on
a 727 airplane.

Figure 23 shows a lower wing skin corro-
sion repair under the flap track fitting. Proba-
bly what happened here was that the fretting
strip between the fitting and the structure dis-
integrated, and the eventual corrosion occurred.

Thebasis forany effective corrosion control
program must start at the pre-production phase
of theairplane. If the corrosion protectionis not
emphasized right from the start, it is impos-

Figure 21
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Figure 22

sible to ensure a corrosion-free airplane through
its life.

With that point in mind, we stress corro-
sion prevention in all new airplane design
reviews. Ingeneral, our goalis to ensure thatall
structure below the floor line be assembled
with faying surface sealant, and all detail parts
be top coated with polyurethane paint before
assembly.

In addition, we try to limit, as much as
possible, the use of bonded fuselage skin pan-
els below the floor line and areas that are
subject to severe corrosion environments, such
as galleys and lavatories.

Wealsorequirethatall basic fuselage struc-
tures be treated with corrosion preventive
compounds. Since bonded structures are our
most significant concern, we are attempting to
convince the airframe manufacturers that 100

Figure 23

percent inspection of bonded skin panels for
delamination is necessary prior to airplane
delivery.

The program I have outlined is a brief
summary of United’s approach to corrosion
control programs. With some minor differ-
ences, | believe the majority of airlines have
developed similar programs. Our program
adheres closely to the baseline corrosion pre-
ventionand control program recommended by
the Aging Fleet Task Force.

This baseline program should alleviate some
of the concerns associated with operating air-
planes beyond their original design life goals.
Although it is true that protective finishes
deteriorate and break down, periodic repair or
replacement of parts and restoration of protec-
tive finishes can ensure the structural integrity
of the airframe.
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Session IV: NDE/NDI

CHAIRMAN STEPHEN N. BoBO

NDI Specialist, Transportation Systems Center
U.S. Department of Transportation

Introduction

Since the Alohaaircraftaccident, allcompo-
nents of the aircraft industry have made a mas-
sive effort to ensure the continued airworthiness
of the air carrier fleet under the purview of the
FAA.

Inanefforttocoordinate theseactivities the
FAA hosted an International Conference on
Aging Aircraft in June, 1988.

One problem which became apparent was
that the need exists for improved NDI particu-
larly in the following areas:

e Detection of crack growth as an element of
fatigue damage to fuselage structures.

¢ Development of improved methodologies
for characterizing integrity in bonded lap
joints.

* Identification and isolation of corrosion
damage in aircraft structures.

Perhapsthe major problem, however, isthe
huge scale of the task. Current plans call for the

individual inspection of thousands of fasteners
and bonded joints on each aircraft; and with
currenttechnology, theinspections of the exist-
ing fleet of some 1,600 aircraft will require mil-
lions of dollars. Clearly, a major need exists for
improved, more cost effective inspection
methods.

As a result of the recommendations from
the conference, a research plan was completed
inMay 1989, one component of whichwasa far
reaching NDI initiative aimed at developing
improved inspection methodologies for the air
carrier fleet. The work includes an assessment
of existing methods, a search for relevant meth-
ods not now being fully utilized, and an evalu-
ation of emerging technology that might be
brought to bear on the problem. Oversight of
the projects related to the initiative is obtained
through an NDI Working Group (AANWG)
consisting of representatives from the air car-
rier industry, aircraft manufacturers, acade-
mia, DOD and NASA.

Figure 1 is a flow diagram containing the
major elements related to NDI.
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The first task under the NDI portion of the
Aging Aircraft Program has been to assess the
effect of baseline aircraft NDI activity, now
being accomplished in two projects: an ongo-
ing audit of heavy maintenance checks or D"’
checks, the major periodic inspection carried
out by most commercial carriers to fulfill the
FAA requirements for continuing airworthiness;
and a broad based survey of NDI practice, both
in the aircraft industry and in other industries
which may have relevant technology.

D-checks

Up to 60 heavy maintenance inspections
are now being monitored by representatives of

uniformity of practice and effectiveness of pro-
cedures. The framework for this audit is provided
by a massive checklist in which all elements of
the inspection are covered; from documenta-
tion to training and human factors. The NDI
portion of the audit checklist seeks to deter-
mine types of inspections, procedures, instru-
mentation, training, qualification of inspectors
and storage and handling of specimens and
samples. Data from the checklists are being
collected, organized and condensed with a view
to preparation of a report late in 1990. Mean-
while, NDIdataisbeing reviewed todetermine
uniformity and level of quality of the NDI
practice, and to serve as a baseline for potential
improvements to the system.
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Survey of NDI Practice

The Nondestructive Testing Information
Analysis Center is currently under contract to
conduct a state-of-the-art survey of NDI as re-
lated to its use in commercial aircraft over
seven years old. The purpose of the survey is to
determine whether existing technology in other
areas of the industry may be effective in im-
proving the effectiveness of the inspection pro-
cedures now inuse in the industry. The survey
will contain but not be limited to the following
elements:

1. Physical principles used, i.e. ultrasonics,
eddy current and aided visual.

2. Generalized description of the instrumen-
tation. A listing of each instrument consid-
ered qualified for use, its specifications,
approximate cost and an estimate of the
level of its acceptance by the industry, clas-
sified by physical principle from No. 1 above.

3. A generalized description of the inspection
procedure used for each instrument cited
in No. 2.

4. An assessment of the cost of use of the in-
strument, either on the basis of cost per
hour of use, or cost per inspectable unit or
unit of area being inspected.

5. An assessment of the future development
potential of the physical principle from No.
1,and somekind of estimate of the ultimate
limitation of the technique.

6. A summary evaluation of other promising
techniques form other areas, either DOD,
nuclear, utilities or others. This summary is
heavily biased by considerations of the eco-
nomic pressures found in the commercial
aircraft industry.

7. A listing of sites on the aircraft where the
bulk of the NDI is carried out, and the pre-
ferred instrumentation for these inspections.

A preliminary document is available now,
and a final report is scheduled for August,
1990.

Workshops and Symposia

An important means of obtaining a con-
tinuing technology transfer between the NDI

users and industry in general is through sym-
posia and workshops. A series of workshops is
being scheduled in 1990, beginning with one in
April on Structures and Fracture Mechanics.
Others are planned on Human Factors and
Corrosion.

Other Activities

In addition to the above activities, a data
baseis being maintained of potential bidders in
technical areas likely to become fruitful as new
NDI initiatives. Those wishing to be on the
bidders list will be requested to provide infor-
mation about their capability and will be
considered for projects in their areas of exper-
tise. Also, a library of articles and up-to-date
documents from current literature is being main-
tained and circulated. In addition to work with
industry, Memoranda of Understanding are in
effect or are being negotiated with elements of
DOD and NASA.

Maintenance Inspection and
Repair

The FA A has several major tasks in connec-
tion with its NDI responsibilities in the area of
maintenance and repair. The first task is evalu-
ation of NDI equipment and procedures;
supplementary work under this task is the or-
ganization and implementation of a compre-
hensive library of flaw samples. The second is
to assess the NDI needs of the industry in
engine NDI. The third task is to create guide-
lines for utilization of NDI practice by prepara-
tion of an FAA NDI Handbook.

Equipment Evaluation

Two major short-term inspection problems
exist within the aircraft fleet: the need to relia-
bly inspect large numbers of rivets for the
existence of multiple site damage (MSD), and
theability to inspect extensive areas of fuselage
for adhesive bond integrity in the presence of
corrosionand other contaminants. Withindus-
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try help, various inspection methods are being
evaluated in an effort to find the most reliable
and cost effective method for inspection of lap
joints and other sites in which MSD is likely to
occur. Figure 2, from the Boeing 737 NDT
Manual, shows areas in a Boeing 737 that re-
quire emphasized inspection. Existing meth-
ods for detecting adhesive bonds are generally
satisfactory in uncontaminated areas, but when
corrosion, its byproducts, or other contamina-
tion exists in riveted lap joints and doubled
butt jeints, detection of adhesive bond integrity
becomes unreliable. Accordingly, the FAA is
diligently searching for a more effective method
for inspecting the adhesive bonds in aircraft.

Criteria for Determining the
Effectiveness of Inspection

The FAAis developing criteria for evaluat-
ing the effectiveness of NDI procedures. In
general, thesecriteriaaresimilar to those found
in DOD and in airframe manufacturers’ hand-
books. They consist of utilizing a set of stan-
dard samples, some of which have characteristic
flaws and some of which have no flaws. The
samples are inspected by several inspectors,
and the number of flaws detected are counted.
The number of missed flaws are also counted
(Class [ errors) as well as the false positives
(flaws averred to be present where no flaws
exist are Class II errors). From the data ob-
tained, statistics may be derived for a given
techniqueand compared with other competing
techniques. Probability of detection (POD) is
calculated for a given confidence level, as well
as error rate and incidence of Class II errors.
Figure 3 is a typical family of POD curves for
four commonly used NDI methods. (D. Hage-
maier, McDonell Douglas, Maintenance Engi-
neering Plan, May, 1988) Table 1 is a listing,
from the same source, of the common NDI
methods and their capabilities and limitations.

Sample and Specimen Program

Samples and specimens play a large part in
calibration, training and development of pro-

cedures for utilizing NDI equipment on air-
craft structures. Also, it is frequently necessary
to evaluate fatigue by using complicated struc-
tures fully simulating the construction aspects
and geometry of aircraft in which fatigue has
been found. Accordingly, in order to meet the
objectives of the aging airplane program, itisa
vital requirement to collect and maintain a li-
brary of simple and complex examples repre-
sentative of structures found on aircraft. Fig-
ures 4 and 5are examples of the specimens that
are being ccllected.

This library is now being assembled at the
Department of Transportation’s Transporta-
tion Systems Center in Cambridge, Massachu-
setts. The specimens will be used to validate
new NDI techniques, compare the effectiveness
of instrumentation, quantify the effectiveness
of various procedures and evaluate operator
training.

Engine NDI

Several initiatives aimed at on-board en-
gine diagnostics are being investigated along
with an assessment of current inspection practice.

NDI Handbook

Various elements of DOD have maintained
ahandbook on NDI for many years, as has each
of the airframe manufacturers. In an effort to
provide guidance for minimum requirements
for such a handbook, to be used by those certi-
fied by the FAA and to promote commonality
of handbook approach, it is appropriate for the
FAA to prepare a standardized FAA NDI hand-
book.

The FAA already has an NDI Advisory
Circular, butitrequires updating tobe relevant
to the needs of inspectors in the field. The
current AC will be reviewed, along with other
handbooks available from industry and DOD.
When the review is complete, the FAA staff
will prepare an outline for the FAA handbook
and develop a plan for orderly flow of informa-
tiononrelevant NDI procedures into the hand-
book format. The deliverable from this work
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Figure 4 — Keel Beam Panel with Corrosion

Figure 5 — MSD Crack Linkup Sample
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will be a series of recommended actions by the
certifying authority in the FAA on best NDI
practice for inclusion in the NDI handbook
format.

New Technology

It is necessary for the FAA to concern itself
with emerging technologies to keep pace with
inspection tasks prompted by the rapid expan-
sion of the aging fleet.

As promising techniques are uncovered,
they are validated using tests and statistical
pruwiples described earlier. Probabilities of
detection, confidence levels and false positives
are estimated. Human factors considerations
are factored into the statistical plan, and agen-
cies within the FAA responsible for human
factors are consulted for inputs to the experi-
mental design. The new techniques are added
toamatrixcontaining the types of flaws known
to exist in airframes and the various technolo-
gies for detecting them. The whole is then in-
corporated in the NDI Handbook.

Resources have been allocated to evaluate
new technologies using a series of contract
efforts as well as studies on actual aircraft. At
present, several initiatives are being considered:
¢ Development of a standardized method of

sizing, characterizing and reporting flaws

in aircraft structures

s Development of improved image process-
ing for X-ray photographs

* Evaluation of on-board engine probes

Evaluation of the role of neutron radiogra-

phy in detection of corrosion in aircraft

structures

Eddy current imaging

Optical interference methods of large area

microstain measurement
¢ Thermal diffusion measurement using in-

frared imaging

Table 2 is a matrix showing some of the
newer methods now being considered.

Pressure Tes* of 727 Aircraft

During manufacture, the fuselages of com-
mercial airliners are pressure tested to the fed-

erally mandated 1.33 times the nominal pressure
(P). Nominal is conventionally assumed to be
between 8 and 9 psi, depending on the altitude
at which the aircraft flies. A real concern exists,
supported by some evidence, that pressuriza-
tion to 1.33 P in older aircraft may either intro-
duce damage or accelerate the rate at which
fatigue occurs in the structure, particularly if
the proof pressure test is to be carried outon a
periodic basis.

To determine whether pressure testing is
appropriate for older aircraft, the FAA will
pressure test two 727 aircraft, one with rela-
tively few operating cycles, and one very high
cycle aircraft.

Serious concerns have becn raised n the
technical community about the safety of the
proof test. Accordingly, another pressurization
approach has been proposed, namely pressuri-
zationto 1.0 P withaccompanying surveillance
by relevant NDI methods to observe the pro-
gression of fatigue damage and identify its
location.

Prior to pressurization, the aircraft will be
subjected to an exhaustive and meticulous in-
spection, using the best of existing technology,
including NDI. All damage or anomalous con-
ditions will be rigorously and completely char-
acterized and recorded.

Baseline Measurements

Existing proven inspection equipment will
be used in evaluation of the aircraft to prc . ide
baseline data about the aircraft condition. Two
basic conditions will be evaluated: adhesive
bond in the lap joints of the structure and evi-
dence of cracks around rivet heads.

New Technology

In addition to already validated technolo-
gies such as eddy current and bond testers,
potentially valuable new technology will be
utilized. Based on the hypothesis that any un-
restored strains when the structure is relaxed
after pressurization represent potential sites of
stable crack growth, the NDI will focus on
detection of crack growth during pressuriza-
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System

System for
Inspection-
Assisted by
Microprocessor

Maneuverable X-
Ray Radiography
System

Maneuverable
Neutron
Radiography
System

Automated
Realtime Imaging
System (ARIS)

Robotic Deriveter

Advanced Automated NDT Systems

Function NDT Method
Inspect Aircraft Multicoil, Dual
Fuselage in Region  Frequency
of Rivet Holes Impedance Plane
Eddy Current
Inspect Aircraft Realtime
Structural Radiography
Elements for
Cracking
Inspect Aircraft Californium 252
Structural Neutron Source
Elements for and an
Corrosion Amplification Tube
Realtime Imager
Inspect Aircraft Ultrasonic
Structural Through
Elements for Transmission or
Disbonds and Pulse Echo with
Delaminations Color Scale
Processing of
Time, Depth, or
Amplitude Data

Machine Removal

Multi-element Eddy

Operator

Airbus Industrie

U.S. Air Force

U.S. Air Force

U.S. Air Force

U.S. Navy

System (RPS) of Rivets and Current

Inspection of Skin

Around Rivet Hole
On Board Collect and Multiple Strain Canadian Air
Structural Process Strain Gauges Force
Computer (OBSC) Gauge Data from

Aircraft Wings and

Fuselage

Table 2
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tion, evidence of nonlinear expansion of the
fuselage, and evidence of unrestored growth
after depressurization.

Some of the methods being investigated
are:

1. Acoustic emission (AE) sensing may be
able to detect the existence and location of
all events of stable crack growth within the
fuselage during pressurization.

2. Abnormal growth of siies on the fuselage
as well as unrestored pressurization should
bedetectable, depending uponmagnitude,
by one of the methods below:

Photogrammetry
(Accuracy +0.010 inches)

Moire motion detection
(Accuracy +0.00010 inches)
Shearograph
(Accuracy +0.000001 inches)

Each of the above is an area detection method
covering large areas of fuselage during the
pressurization cycle.

After pressurization, the aircraft under test
will becarefully inspected for evidence of dam-
age, and the data compared with those ob-
tained prior to pressurization. The older aircraft
will then beavailable as a testbed for validation
of promising NDI procedures and new NDI
technology.

The FAA has done a good job of ensuring
airworthiness in the short term. The need exists
for superior NDI technology to meet the in-
spection challenge of the aging aircraft fleet.
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Thermographic Inspection Techniques

WiLLIAM WINFREE

Advanced Sensors Group, NASA Langley Research Center

What I'd like to talk about is some of the
researchthat we'redoingat NASA-Langley. n
particular, I'd like to talk about some of the
thermographic inspection techniques that we're
developing.

This is basically an outline, an overview of
the program at Langley. I'll talk about ther-
mographic techniques and why one would use
a thermographic technique. I'll also talk about
delamination detection, crack detection and
corrosion detection.

Most of the work donelately at Langley has
been aimed at trying to increase the safety of a
solid rocket motor. We’vedonealot of NDE on
a lot of different parts of the solid rocket motor
(SRM) in order to increase its safety. What we
are doing is taking some of the sarue technolo-
gies that we developed for the solid rocket
motor and applying them to aging aircraft.

One of these technologies is thermogra-
phy. Thermography has some advantages, it's
a non-contacting technique. You don’t have to
usecoupling, likeinultrasonics. Wecan use the
computer to control both the application of
heat and the data acquisition afterwards.

One of the biggest advantages of thermogra-
phy is the ability to scan large areas at a time,
including large, complex geometries. If thereis
a flaw, we are able to detect the variation in the
heat flow around that flaw. And from that
variation in heat flow, we're able to character-
ize the flaw.

We use some type of heat source. We can
use a lamp, a hot air gun or other source. We
heat up the sample. We then use an IR camera
in order to monitor the temperature or the
radiation on the surface of the sample.

One of the important things we found and
that other groups have found, is to attach that
IR camera to some type of image processor,
where you take images in and average the
images in order to increase the signal to noise
and also to do some signal enhancement.

One of the things that we’ve embraced at
Langley is the use of modeling to give some
insight into what is happening in the ther-
mographic process. We have some typical
simulation results where we’ve modeled the
SRM.Wecanusethisin ordertosay what is the
optimum heating time we should useand what
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is the optimum time to look at the sample to
acquire images. We can also use it to get an
insight into the actual process that’s going on,
and use that insight in order to come up with a
data reduction technique that helps us to draw
out from those thermal images what we are
really interested in seeing.

What you do is measure the temperature
profile onthe front surface. What you are inter-
ested in looking at is the flow, or the heat flux
out the back surface, because that flow or heat
flux out the back surface is what tells you
where the delamination is.

One thing we see in some images is the fact
that we weren’table to evenly apply heat to the
sample. However, we process the data in such
a way to pull that flow out the back surface.
Then we can clearly see the delamination at the
back surface of the sample.

With the lap joint, you're interested in
putting heat in as evenly as possible. And then
we try to see whether or not we could see those
bonded doublers on the back side.

We can now take data and process it by

looking at it at different times. We’re able to
clearly pull out whether the doubler is bonded
ornot. Wecanseetheregion whereit’sbonded,
and then we can see the region where it's obvi-
ously not bonded.

We have also done work looking at cracks
and seeing whether or not wecandetect cracks.
We began this with some modeling of a crack
that was in a lap joint. By looking at the vari-
ations of heat flow, we very clearly detect the
crack. By processing thedata, we'reable to pull
out features or see the presence of defects.

In summary, what I briefly have talked
about today is looking at physical-based tech-
niques for enhancing the data, that by model-
ing and using the physics of how the heat is
flowing in the sample, we are able to draw out
things that we couldn’t see previously.

Also, we presented data showing the abil-
ity to detect different delaminations, as well as
some of the research to do with looking for
cracks in lap joints and for modeling that back
surface and corrosion.
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Nondestructive Testing
of Aging Airc.aft

DoNALD HAGEMAIER

NDE Group Leader
Douglas Aircraft Company

Welcome, ladies and gentlemen. The one
thing I have to explain is that airplanes are built
differently by different manufacturers, and the
problems we are confronted with are different,
and the methods of inspection are somewhat
different from company to company. So what
I'm going to cover is the Douglas approach to
theaging airplaneinspection programand cor-
rosion detection methods.

Douglas Aircraft Company has developed
a supplemental inspection document (SID)
program for fatigue crack detection and is pres-
ently developing a corrosion control program
for aging aircraft. This paper describes the
implementation of nondestructive testing in
the SID program and various nondestructive
test (NDT) methods useful for detection of cor-
rosionand stress corrosioncracks in theaircraft
structure.

Introduction

After an airplane enters service, ongoing
inspectionand maintenance of its structure are
essential to ensure a continuing high level of
safety. These maintenance programs are speci-
fied and approved by the certifying agencies.
However, these aircraft will eventually reach
an age where an increase in corrosion and
fatigue cracking can be expected. Industry and
airworthiness experts recognize that an addi-
tional structural inspection program, which
would supplement the existing operator main-
tenance programs, is necessary for aging air-
craft. Working with the aircraft operators,
Douglas developed a SID for each of its aircraft
modelsand iscurrently developingacorrosion
control program for aging aircraft.

The SIDs identify the principal structural
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elements (PSE) on each aircraft. (A PSE is de-
fined as “a structural part or assembly of parts
whose failure, if it remained undetected, could
lead to loss of the aircraft.”) SIDs also identify
the inspection methods and procedures associ-
ated with each PSE. This is an inspection program
to supplement or adjust existing structural
inspection programs, asrequired, to ensure the
continued safety of older aircraft.

This paper presents an overview of the
Douglas SID program that was developed to
detect fatigue cracks in high-time aircraft and
various NDT methods that are useful for de-
tecting corrosion and stress corrosion cracks.

Supplemental Structural
Inspection Program

Douglas has developed a SID program based
on fleet-leader-operator sampling (Figure 1).
During the sampling, inspections are carried
out on a PSE-by-PSE basis. Symmetrical struc-
ture results in two samples, left and right, per
aircraft. For sampling purposes, one or both
sides of the aircraft may be inspected. It is
important to note that each PSE always stands
by itself; i.e., inspection start points, inspection
intervals. etc., are generally different for each
PSE.

An industry steering committee (ISC) de-
velops basic guidelines for use by the working

| SUPPLEMENTAL INSPECTION
¥ SAMPLING (IF NECESSARY)

NORMAL MAINTENANCE
=FAILURE EXTREMELY IMPROBABLE —-I
INCIDENCE I
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Figure 1 — Douglas Supplemental Structural
Inspection Program

groups on each aircraft model. The guidelines
include: (1) reviewing candidate PSEs and
methods of inspection; (2) reviewing existing
operator maintenance programs; (3) establish-
ing a SID fleet-operator sampling inspection
program; (4) establishing fatigue-life thresh-
olds for the start of each PSE inspection; and
(5) developing an adequate computerized re-
porting system between operators and Douglas.

The working groups for each model review
their PSE list and methods of inspection. These
reviews entail: (1) reviewing the basis of analy-
sisand assessment of criticality and submitting
the findings to the Federal Aviation Admini-
stration (FAA) and the Civil Airworthiness
Authority (CAA); (2) reviewing proposed in-
spection methods and performing on-aircraft
verification; (3) reviewing SID maintenance
planning information; and (4) reviewing man-
power requirements, special skill requirements,
and special tooling/equipment requirements.

Inspection Procedures

Damage-tolerance analysis is performed
for each PSE, and a marked-up engineering
drawing of the component is submitted to the
NDT engineer who determines the materials
involved and the thickness of the various parts
making up the component PSE. Potential non-
destructive inspection (NDI) methods and tech-
niques are then selected for inspecting the PSE.

For ultrasonic and eddy current inspec-
tions, simulated structure is fabricated with
electrical discharge machining (EDM) notches
of different sizes. These notched specimens are
then used to work out preliminary procedures
and determine the detectable flaw size (a, ) for
each method as it applies to each PSE. Obvi-
ously, the a,, must be less than a,__, (instability
flaw size) for each PSE. The procedures are
finalized and tnen verified on operational air-
craft. The verification procedure provides a
means of detecting constraints that are not
obvious from drawings or sketches and defines
access and/or removals required to perform
the desired inspection. Finally, the inspection
procedures are reviewed by the operator and
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manufacturer working groups (for each model
aircraft) prior to release to the FAA and CAA.

Detectable Flaw Size (a, )

In practical applications, an NDT limit, a,,,
is usually specified; this is a crack length “a”
corresponding to a high detection probability.
The fracture mechanics residual life N,,/2, is
the time required for a crack length a,, to
propagate to unstable crack length a,__, at limit
load (see Figure 2). The inspection interval is
setas N /2, giving two opportunities to detect
the crack before it reaches a, . Detectable crack
size is defined for each inspection method and
PSE. Although the detectable crack size is dif-
ferent for each method, the probability of de-
tection (POD) in the SID program is considered
to be 0.90 regardless of the method chosen.
However, the method chosen will govern a,,
and establish inspection start points and
intervals.

Primary NDI method and at least one alter-
native method are developed for most PSEs.
The primary method is the most sensitive
method; i.e., it can detect the smallest crack,
and it gives the largest crack growth interval,
AN,.

NDI demonstration programs consistently
show that eddy current inspection is very reli-
able in detecting small, tight fatigue cracks.'?
Eddy current testing became the primary crack
detection method used in the Douglas SID in-
spection programs because of these findings.?

#inst (AT LIMIT LOAD)

AIRCRAFT
UNSAFE
mnuun'
CRACK GROWTH (100%)
F
x CURVE FOR A PSE |_—
LENGTM,

TIME

Figure 2 — Damage-Tolerance and
Nondestructive Testing

A summary of DC-9-30 SID inspections for
45 PSEs clearly shows that high-frequency eddy
current (for surface cracks) and low-frequency
eddy current (for subsurface cracks) are the

primary inspection methods:
Magnetic Particle ........ccoeeiiiies 1
Visual ..o, 3
URrasonic ......ceeeevvereiecnnenrereninnennnns 5
Radiographic........ccoeveriereeincnnnnas 12
High-frequency Eddy Current .... 28
Low-frequency Eddy Current ...... 65

The statistic of primary interest in the SID
inspections is the capability of positive detec-
tion (see Figure 3). The probability of detection
(POD) curve provides a convenient method for
comparing inspection process performance. It
graphically depicts discrimination capability.
However, the POD curve does not provide an
indication of the calibration performed to es-
tablish the baseline, the acceptance criteria im-
posed on the process, or the level of incorrect
rejections (false calls) inherent in the applica-
tion. The common denominators for both NDI
performance and modeling of the performance
of a specific technique are: (1) the signal and
noise response distributions generated by ap-
plication of the technique; and (2) the accep-
tance criteria applied to the decision process.

r A

P

oetecrion ¥
PROBABILITY
(PERCENT) &P

NOTE: POINT A IS THE
INSPECTION THRESHOLD

Figure 3 — Interaction of Signal/Noise
Discrimination and the Probability of
Detection (POD)
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A POD curve typically reflects all the vari-
ations in signal-to-noise response and discrimi-
nation levels shown in Figure 3. A continuing
variation in signal-to-noise response is reflected
by variation in thediscrimination level (thresh-
old) along the POD. Where the NDI response
(signal) distribution from a flaw is coincident
with the process noise signals, there is no dis-
crimination and the inspection is not valid.

In order to achieve successful detection,
Douglas MDT engineers choose ana,,, for each
PSE. This a,, is obtained from the laboratory
demonstration and is defined as detection thresh-
old A in Figure 3. At this threshold, there is a
good separation between flaw signals and noise,
resulting in a reliable inspection. In addition,
decision criteria (crack versus no crack) are
clearly defined.

Inspection Program

The SID inspection program is established
from statistical-probabilistic concepts of hav-
ing and detecting a crack. These concepts are
based on each PSE's fatigue-life estimate, its
damage-tolerance characteristics, and the NDI
method selected by the airline. The basic con-
ceptsareillustrated in Figure4. Inthesampling
program, aircraft are to be inspected before
they exceed the fatigue life threshold N, with
inspections starting at N, /2.

After a PSE exceeds N,,,, the intervals be-
tween inspections are a function of the NDI

P (LNyy). = 3%10°8
AL PN}, VERSUS N
inst
] Ynst 1
1
. r—nvsmme CRACK GROWTH CURVE, & VERSUS N
CRACK A\
LENGTH PN}, VERSUS N
on) det I
P(N), )
PROBABILITY 4 det
DISTRIBUTION N I
o ——er
N M. N TIME

‘ot Sinst

Figure 4 — Durability, Damage Tolerance and
Statistics-Probability Concepts

method used and the crack growth and resid-
ual strength characteristics of the PSE. The
interval is set to equal AN, (Figure 4) divided
by 2. AN, is the time for a crack to grow from
a,, toa,  whichis the crack length that would
produce instability failure due to limit load.
AN, isdivided by 2in order to provide two op-
portunities to detect the crack before it reaches
a, .. Statistical-probabilistic considerations and
the number of aircraft that must be inspected
(sample size n) are used to calculate N_,.. Fa-
tigue life to reach a specified crack length is a
random variable represented by a log-normal
distribution. The mean fatigue lives fora crack
to reach a,, and a, , are N(a,,) and Nfa,)
(Figure 4).

Because the inspection threshold, N, var-
ies from PSE to PSE, inspections will start at
various times. Ten of the samples to be in-
spected must be the highest-time aircraft. The
samples required in addition to the 10 highest-
time aircraft (n~10 samples) are allocated in
proportion to the number of samples in the
sampling population. Sample size n is a func-
tion of N(a, ) and AN, that reflects the NDI
used; therefore, sample size may be different
for different PSEs and NDI methods. For typi-
calN(a, ) and AN, values, nmay vary from 20
to 120. Allsamples n are to be inspected during
a specified inspection interval.

Aircraft Corrosion

Severity of corrosion attack varies with air-
craft types, design techniques, operating envi-
ronment, and operator’s maintenance programs.
Common areas of corrosion problemsare listed
below:

¢ Floors in vicinity of, and structure under
lavatory systems and galleys

¢ Structures surrounding doors, particularly
landing gear doors

e Wingskinadjacenttocountersunk fastener
heads

¢ Aluminum-faced honeycomb panels used
for exterior panels and floors

¢ Wing-to-body joint fittings

Fuselage lower structure (bilge area)
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e Areas having environmentally unstable
materials

e Structures susceptible to protective treat-
ment damage during installation and repair,
due to abrasion, fretting, and erosion.

Corrosion is a general term for the oxida-
tion process of materials and can appear in
many forms depending on the metals and the
mechanism of damage. Corrosion on alumi-
num alloys and plated steel surfaces can often
be recognized by dulling or pitting of the area,
and sometimes by white or red powdery de-
posits. It may also be the origin for, or revealed
by, delamination, cracking, metal thinning and
fretting. The detection of each type of corrosion
may require various NDT methods or tech-
niques due to different characteristics that are
involved.

Corrosion is the destruction of metals by
chemical or electrochemical action, and is caused
by achemical reaction between metals (serving
aselectrodes) and anaqueous solution contain-
ing differentions ordissolved oxygen, actingas
the electrolyte.

When the airplane, constructed of many
metals,is exposed to a corrosive environment,
such as exhaust gases, moisture, waste water
and spillage, all factors necessary for chemical
or galvanicactionare present. Since someareas
of the airplane are exposed to more corrosive
contaminants than others, the necessary control
measures vary accordingly. Corrosive attack
starts on the surface of the metal; if allowed to
continue, the corrosion penetrates into the core.

The most common types of corrosion found
inone form oranotheronaircraft structures are
illustrated in Figure 5 and are as follows:

Pitting

Intergranular

Exfoliation

Crevice/Galvanic or Dissimilar Metal
Stress-Corrosion Cracking

Microbial

Less common types of corrosion are:

¢ Filiform
Thermogalvanic

Second Annual International Conference on Aging Aircraft
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>

PITTING INTERGRANULAR
| O 5|
Mo B
< CREVICE AND GALVANIC
EXFOLIATION
(INTERGRANULAR)
N MICROBIAL
STRESS-CORROSION CRACKING (UNIFORM)

Figure 5 — Types of Corrosion

Corrosion Fatigue
Fretting
Erosion Corrosion

Exposure to salt water, moisture conden-
sate, chemicals, and soil and dust in the atmos-
phere affect the degree of corrosion. The
geographical flight routes and bases of operation
will expose some airplanes to more corrosive
conditions than others. Corrosion prevention
and control requirements will, therefore, vary
somewhat from one area to another.

Inspection for Corrosion

All aircraft should be carefully inspected
forsigns of corrosion at each scheduled inspec-
tion period. Severe environmental conditions,
such as salt spray, humidity and temperature,
may require increased frequency of inspec-
tions. Areas most susceptible to corrosion should
be inspected more often.

The first appearance of corrosion on un-
painted surfaces is in the form of white powder
or spots. Areas where sand, dirt and grime
collect are particularly susceptible. In conduct-
ing inspections for corrosion, particular atten-
tion must be given to the lower interior of the
fuselage, upper surfaces of wings, wing flaps,
ailerons and actuating mechanisms. Areas
subjected to battery electrolyte and exhaust
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gases require close attention and frequent main-
tenance.

Naturally there will be less corrosion on
painted, plated or aluminum clad surfaces than
on unprotected surfaces. However, corrosion
will also attack protected metal since moisture
and contaminants may permeate the barrier
coat when it has been damaged. In such cases,
the affected areas are generally characterized
by a scaly or blistered appearance, or some-
times by discoloration of the paint. Corrosion
on aluminum alloys and plated steel surfaces
can often be recognized as a dulling or pitting
of the area, and sometimes as white or red
powdery deposits.

Conventional NDT Techniques for
Corrosion Detection

Several NDT techniques are commonly used
for corrosion detection and evaluation. When
the inspected area is physically accessible, vis-
ual tests are commonly used as periodic checks.
Sometimes, tools such as magnifying glasses
orborescopesareused for further evaluation or
for less accessible areas. The inspection in-
volves a visual search for cracks, change of
color, texture or bulges.

Unprotected parts made from magnesium,
aluminum, and steel are susceptible to pitting
corrosion. Isolated pits may be difficult to de-
tect before they penetrate the part. Fortunately,
pitting corrosion generally occurs over a large
enough area (frequency of attack) to allow
detection by NDI techniques. Figure 6 shows
pitting corrosion of the high-strength steel main
landing gear truck beam. The corrosion can
occur in the four lubrication holes if the lubrica-
tion (grease) is not replaced at periodic inter-
vals as specified by the aircraft maintenance
manual. The pitting, if undetected, canresult in
stress corrosion or corrosion fatigue cracking
and possible failure of the part.

In-service inspection for these pits requires
the removal of the lubrication fitting and grease
from each hole. The internal surface of each
hole is checked using a zero-degree (forward-
looking) 2.8-mm (.101-inch)-diameter endoscope
that is a high-quality medical borescope. If cor-

rosion products or pitting are revealed, the
hole is checked a second time with a 70-or 90-
degree (side-view) endoscope. When pits are
detected, thebeamis removed from theaircraft
and the pits are removed by oversizing the
affected holes. Beams showing slight corrosion
may be left inserviceif periodic endoscopeand
ultrasonic shear wave inspections are made to
detect possible stress-corrosion cracks that may
originate at a pit.

Figure 7 illustrates typical stress-corrosion
cracks that have occurred in 7079-T6 Al main
landing gear attach forgings. Large cracks are
detected by a careful visual inspection. Asillus-
trated in Figure 8, smaller cracks, originating at
fastener holes, are detected by removing the
fasteners and performing an eddy current in-
spection using a surface plig probe.

Intergranular corrosion occurs along alu-
minum grain boundaries, which in sheet and
plate, are oriented parallel to the surface of the
material due to the rolling process. (Intergranu-
lar corrosion in its more severe form is exfolia-
tion corrosion.) Exfoliation corrosion is basi-
cally intergranular delamination of thin layers
of aluminum parallel to the surface, with white
corrosion products between the layers. Where
fasteners are involved, the corrosion extends
outward fromthe fastener hole, either from the
entire circumference of the hole, orin onedirec-
tion from a segment of the hole. In advanced
cases, the surface bulges upward (Figure 9),
but in milder cases there may be no telltale
bulging and the corrosion can be detected only
by NDT methods.

Hidden Corrosion

In the case of hidden corrosion, several
NDT methods are being used:

X-ray and Thermal Neutron Radiography
Ultrasonic

Eddy Current

Acoustic Emission

Radiography

Radiography is used to facilitate inspection
of complex structures and to provide an over-

—
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INSPECTION METHOD:
VISUAL ENDOSCOPE @

BEAM CORROSION CAUSED
BY FAILURE TO APPLY LUBRICANT

Figure 6 — Pitting Corrosion and Stress-Corrosion Crack in Steel Main Landing Gear

\\\\'J‘TYNCAL CRACKS
i . :«'/

INSPECTION METHODS

visuaL @

EDDY CURRENT +

Figure 7 — Stress-Corrosion Cracking of 7079-T6 Main Landing Gear Attach Forging
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SPOTFACE
ATTACH
FITTING
/— PROBE
WING SKIN

Figure 8 — Eddy Current Check for Stress-
Corrosion Cracks in Main Landing Gear
Attach Fitting

{, BLISTER PROBED TO
REVEAL SUBSURFACE
CORROSION

CORROSION

¥ CORROSION

view of thestatus of acompleteassembly. It has
also been used to detect pitting corrosion in
tubular steel cylinders. Generally, X-ray radi-
ography lacks sensitivity or produces low-con-
trast radiographs, unless beryllium-window
X-ray tubes that produce soft (low-energy) ra-
diation, are used. The changes in thickness, to
be detectable, must be on the order of one-to
two percent of the total thickness. Radiogra-
phy may be used to detect stress-corrosion
cracks when the radiation beam is parallel to
the plane of the crack.

Figure 10 is a radiograph showing water-
filled honeycomb cells and corrosion attack of
the core. Moisture intrusion into assemblies of
this type has caused considerable damage to
similar aircraft structures over the past decade.
Low kilovoltage X-ray radiography, using a
beryllium-window X-ray tube, is the major
NDT method used to detect corrosion of adhe-
sive-bonded honeycomb structures on the air-
craft or in maintenance shops. Taptesting or
ultrasonic bond testing instruments are some-
times used to detect delamination (unbonding)
in these adhesive-bonded structures. Similar
procedures are used to detect corrosion in
adhesive-bonded metal-to-metal laminates.

A more sensitive radiographic method is
thermal neutron radiography. It can detect
corrosion products because oxygen has ap-
proximately an order-of-magnitude-higher
mass-absorption coefficient than aluminum.
This reveals the presence of corrosion products

Figure 9 — Surface Manifestation of
Subsurface Corrosion Around instalied
Fasteners

INSPECTION METHOD: X-RAY RADIOGRAPHY

Figure 10 — Corrosion of Aluminum
Honeycomb Core by Water Intrusion
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as wellas metal thinning. If moistureis present
in the corrosion products, then the hydrogen
atom adds additional absorption of the neu-
tron bearer, which provides additional contrast
to the neuron radiograph. Two major obstacles
areencountered inapplying this technique: the
state-of-the-art practical thermal neutron sources
are not portable and require long exposures be-
cause of the low flux; and the presence of
hydrogen compounds such as trapped mois-
ture, fuel, or sealing materials, can mask the
corrosion products and reduce detectability.

Ultrasonic

Ultrasonic testing provides a sensitive de-
tection capability for corrosion damage when
access is available to a surface having a con-
tinuous bulk of material exposed to the corro-
sion. Stress-corrosion cracks or exfoliation are
expressed by production of a new interface
within the material that causes reflections in a
shorter time period than reflections from the
back surface.

As illustrated in Figure 11, ultrasonic test-
ing has been successfully used to detect stress
corrosioncracks inthe 7075-T6 aluminum hori-

zontal stabilizer skin planks. The cracks run
fore and aft from the attachment holes in the
integrally machined plate stock. The cracks are
detected by directing the ultrasonic beam normal
to the crack plane. The inspection is performed
from the external surface of the stabilizer center
box.

Ultrasonic thickness gages are commonly
used for detection of exfoliation, stress-corro-
sion cracks, and general material thinning. Pit-
ting and intergranular corrosion cause scatter-
ing of the ultrasound and can be detected by
the use of shear wavesinan angular incidence.
Inaddition, this scattering can result in attenu-
ation of longitudinal waves (straight beam)
commonly referred to as loss of back surface
signal. This phenomenon serves as a means of
corrosion detection in relatively thick struc-
tures. Its main limitation is that increased at-
tenuation may also be caused by sealants or
adhesives. Additionally, ultrasonics cannot
provide any information about layers further
than the probed one unless they are properly
bonded.

The manual ultrasonic technique, for de-
tection of exfoliation corrosion, requires the
use of a liquid couplant on the surface of the

UPPER
SKIN

TYPICAL CRACK
LOCATION

TYPICAL CRACK
LOCATION ALL
LOWER PANELS

ALL UPPER
TYPICAL

PANELS ULTRASONIC ' FWD
INSPECTION AREA

TYPICAL
ULTRASONIC
INSPECTION
AREA

CONSTANT
SECTION
LOWER SKIN

Figure 11 — Ultrasonic Detection of Stress Corrosion Cracks in Horizontal
Stabilizer Skin Planks

194




Donald Hagemaier

test part. Small diameter [6.35-mm(.25-inch)]
searchunits are employed to reveal small areas
of corrosion. The circle template may also be
used to guide the search unit around the pe-
riphery of the fastener head. Tests performed
atboth 5 and 10 MHz yielded equally good re-
sults. Theultrasonic detection of the exfoliation
corrosion is based on the principle of both ul-
trasonic scattering and attenuation. When the
search unit (probe) is placed over an uncor-
roded areas, multiple back reflections (thick-
ness values) are obtained as depicted in Figure
12. However, when the probe is place over an
area of exfoliation corrosion, no back surface

RESPONSE FROM UNPAINTED
OR NORMAL PAINT
THICKNESS — NO CORROSION

']

RESPONSE FROM
CORRODED AREA — LOSS

* v OF BACK REFLECTION
Y

24

1
1
-

Figure 12 — Contact Uitrasonic CRT
Response

reflection is obtained. This inspection technique
is very successful in detecting medium to large
areas of corrosion but will not find smaller
areas thatare detectable using the eddy current
technique.

Eddy Current Testings

To perform the high-frequency eddy cur-
rent test, the instrument is calibrated using a
known corroded sample. Typical eddy current
response to exfoliation corrosion around in-
stalled fasteners is shown in Figure 13. The
phase angle on the impedance plane cathode
ray tube (CRT) is about 45 degrees at 20kHz
and about 90 degrees at 50kHz. Hence, a more
reliable inspection can be performed at the
higher frequency. The use of high-frequency
(100 to 300kHz) pencilpoint probes and a circle
template is necessary in order to detect very
small areas of corrosion. The circle template is
centered over each fastener and a 360-degree
scan is made with the eddy current probe. The

11

PROBE ON
METAL

LIFTOFF
eROBE N
L AR [4
.

(A) EDDY CURRENT RESPONSE, (B) EDDY CURRENT RESPONSE
NO CORROSION FROM CORROSION USING
20-kHz, 1/2-IN.-DIAMETER

PROBE
(C) EDDY CURRENT RESPONSE

EDDY CURRENT PF!OBE%i I |
FROM CORROSION USING

50-kHz, 1/4-IN.-DIAMETER
PROBE <l

Figure 13 — Eddy Current Impedance-Plane
Responses for Exfoliation Corrosion Around
Fastener Holes in Wing Skins
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corrosion response will appear on the CRT and
remain there until electronically erased. This
method is quite slow but has been shown to be
accurate in the detection of very small areas of
corrosion around installed fasteners.*®

Eddy current testing (mainly low frequency)
is being used to detect thickness changes, due
to corrosion and cracks in multilayer struc-
tures. The use of eddy current instrumentation
that indicates the amplitude and phase allows
differentiation of corrosion thinning from spac-
ing of layers, liftoff, and cracking. The low-
frequency eddy current technique has been
useful in detecting crevice or galvanic corro-
sion between aluminum skins and titanium
doublers.

Whenever there is a contiguous fraying
surface ti.at can trap moisture between two
dissimilar metals, a good possibility exists for
the generation of galvanic corrosion. In the
example of Figure 14, a titanium doubler was
installed in the lower section of the fuselage
and adjacent to the aluminum skin. The lower
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PRESENTATION B:
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Figure 14 — impedance Plane CRT
Presentations for Corrosion Thinning

portionof the fuselage (bilge) is anotorious col-
lector of liquids and waste materials. Areas
around lavatories, galleys, and batteries are
especially susceptible to corrosion. In this case,
moisture found its way into the crevice between
the titanium and aluminum, and galvanic cor-
rosion thinning occurred in the aluminum skin.
The thinning is not detectable from the outside
the aircraft until it has eaten completely through.

Acoustic Emission Testing

Modern adhesive-bonded aircraft structures
are protected from corrosion by using bare
(nonclad) aluminum, phosphoric or sulfuric
anodic layers on the substrates, corrosion-in-
hibiting primers over the anodic layers, non-
perforated honeycomb core and sealants over
exposed adhesive fillets or fraying surfaces.
Older bonded structures were made using clad
materials, Forrest Products Laboratory (FPL)
etch of the substrates, no corrosion-inhibiting
primers, and perforated honeycomb core. These
conditions enhanced the possibility for crevice
galvanic corrosion attack between theadhesive
and the adherents.

To further enhance NDI detectability of
corrosion and water in honeycomb structures,
personnel at McClellan Air Force Base in Sacra-
mento, California developed the acoustic
emission method for this purpose.” The test is
conducted by heating a local area of the structure
and then placing an acoustic emission probe
over the area and listening for emission caused
by hydrogen gas or steam generated within
(Figure 15). The test is conducted at about six-
inchintervals over the entire structure. Reports
indicate that the acoustic emission technique is
capable of detecting both gross corrosion and
corrosion initiation that is not detectable by
other NDT methods. The method does give
some false calls at times but is still considered
the primary inspection method for checking
honeycomb structures at McClellan AFB.

Corrosion Summary

Major concerns associated with corrosion,
adestructiveand costly enemy of aircraftdura-
bility, are that itis extremely difficult to predict,
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Figure 15 — Acoustic Emission Detection of
Water Intrusion into Adhesive-Bonded
Honeycomb and Corroded Laminates

to prevent, and to detect early in its formation.
Access to corroding areas is frequently limited
or impossible due to intervening structure.
Therefore, conventional NDT techniques are
often used to detect such corrosion and elimi-
nate the costly and potentially destructive dis-
assembly involved.

When the inspected area is physically
accessible, visual inspection is commonly used
for corrosion detection. Sometimes, tools such
as magnifying glasses or borescopes are used
for evaluation of less accessible areas. These in-
spections involve a search for change of color,
texture, corrosion products, bulges, or cracks.

In the case of hidden corrosion, several
NDT methods can be used: X-ray or thermal
neutron radiography, ultrasonic, eddy current
or acoustic emission.

¢ Radiography is generally used for its ad-
vantage in inspecting complex structures
and revealing an overview of the status of
a complete assembly.

» Ultrasonic testing provides a sensitive de-
tection capability for corrosion damage when
access is available to a surface with a con-
tinuous bulk of material exposed to the
corrosion. Ultrasonic inspection is commonly
used to detect exfoliation, stress-corrosion

cracks and general material thinning.

e Eddy current testing (mainly low-frequency)

is being used to detect thinning due to cor-
rosion and cracks in multilayered struc-
tures. High-frequency eddy currentis most
appropriate for detection of stress-corro-
sion cracks.

e Acoustic emission testing (employing heat-

generated emissions) has been used to de-
tect corrosion and moisture in adhesive-
bonded metal honeycomb structures.

Although the above NDT methods have
been used successfully to detect corrosion, with
respect to the type of corrosion they can detect,
they are not equal in the following areas:

¢ equipment

e size

* mobility or availability

e cost of performing the test

¢ availability of the test method to the operator

These test method factors are rated in Figure
16. Visual inspection is the primary corrosion-
detection method. Non-destructive inspection
is generally not used until corrosion has been
detected during routine maintenance of the
aircraft. Therefore, it is applied after the fact to
similar structures on other aircraft in the fleet.

Gaps in Present Technology

Because NDIisanimportant part ofaircraft
maintenance programs, it must continually be
improved to meet the challenges and demands
of the industry. A few gaps still exist in the
current technology:

e Specific NDI methods are used for each
case of corrosion, based on:
-Type of corrosion
-Site of corrosion on aircraft
-Access to corroded area
-NDI techniques available to operator
-Severity of corrosion
¢ Corrosioninitiation or small areas of corro-
sion are difficult to detect
¢ Most NDI technicians have not been trained
in corrosion detection
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DETECTION EQUIPMENT
METHODS SIZE MOBILITY | AUTOMATED SPEED COST AVAILABILITY
VISUAL @& swa | coop NO FAST Low YES
TAP TEST A [ smaw GOOD POSSIBLE FAST Low YES
uttrasonic OB || meDIUM GOOD POSSIBLE MODERATE | MODERATE YES
SMALL GOOD POSSIBLE MODERATE | MODERATE YES
EDDY CURRENT _+\ TO0
T wmeowm
X-RAY MEDIUM FAIR NO sLow HIGH MOST SHOPS
TO
RA RAPHY
DIOGRAPH LARGE
NEUTRON LARGE POOR NO SLOW VERY RARE
RADIOGRAPHY HIGH
*ACOUSTIC MEDIUM FAIR NO MODERATE MODERATE VERY FEW SHOPS
EMISSION @
WITH HEAT
*PARTS MUST BE REMOVED FROM AIRCRAFY FOR TEST.

1.

Figure 16 — Rating ot Test Methods

Many NDE engineers are not familiar with
corrosion-detection methods or techni. ues.

Improvements must be made in the above

itemns to advance the state-of-the-art NDI tech-
nology concerning corrosion detection.
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ATA/NDT Forum

James L. MORGAN

Manager, Inspection/NDT
Trans World Airlines

Good afternoon. It is an honor for me to
speak before you this afternoon.

I am a member of the Air Transport Asso-
ciation Task Force on Non-Destructive Testing.
This task force has had a number of responsi-
bilities over the years. The primary responsibil-
ity of this group has been to conduct an annual
ATA/NDT forum.

The purpose of this forum is to foster com-
munication and cooperation on technical and
practical aspects of NDT within the airline
business. The first forum was held in Kansas
City in June of 1957. In attendance were 36
representatives from 14 U.S. airlines and seven
manufacturers.

At the first meeting the group was interested
in exchanging ideas and information between
the airlines, and other interested organizations,
on X-ray methods for inspecting aircraft. By
1958, two foreign carriers, Air France and SAS,
also attended the meetings as well as represen-
tatives of the then newly organized FAA. The
first mention of ultrasonic and eddy current
inspection methods appeared on the 1958
agenda.

The 31st ATA/NDT forum was held last
August in Minneapolis. In attendance were
over 340 people representing a variety of disci-
plines involving NDT activities. Representa-
tives from 21 U.S. and Canadian airlinesand 36
foreign carriers attended the latest forum. In
addition to conducting this annual forum, the
ATA Task Force has also been involved in
many other endeavors. Among them are the
creation of safety standards to be observed by
airline radiographers; the establishment of a
data file of the NDT equipment and a list of
airframes and power plants used by each air-
line represented at the meetings. We have as-
sisted in establishing the Spec 100 format of
vendor produced NDT manuals covering their
product. We have given assistance to the FAA
flight standards service in the development of
advisory circulars relating to NDT practices.
Committee members have served as represen-
tatives on various national and technical com-
mittees and have provided reports on these
functions at the regular ATA/NDT meetings.
Examples of these include the American Soci-
ety for Testing Materials, American Society for
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Nondestructive Testing, and American National
Standards Institute.

Now, as in the past, the forum functions to
present common problems and stimulate dis-
cussion among the members and manufactur-
ers as to ways to solve these problems. Just this
past August, at the forum, the Boeing Company
representative presented papers on inspection
of lap seams. This is an important and a very
interesting subject to all air carriers. Many
questions were asked and many answers were
given on that subject. And, as Mr. Hagemaier
demonstrated, the same type of discussion that
hejustgave you is offered by representatives at
the ATA forum.

Another subject that is of great interest to
me is what it really takes just to go out and do
an inspection. The manufacturers give us meth-
ods of doing it, but what are all the different
things involved?

Among these I would list things such as the
technique. The technique to do the job is de-
pendent on the focus of the inspection. By focus
I mean the direction of the inspection or the
intent of the inspection or the orientation of the
inspection. What type of a flaw isit? Is ita crack
or is it corrosion or is it a void?

Where is the flaw? Once again we have to
consider the orientation of the inspection.

How accessibile is it? How much opening
up is required. This is a consideration any time
youhaveanaircraft out of service. Do you have
the time to do it on the subject maintenance
visit?

What sensitivity is required? This requires
information from the stress people—-they usu-
ally determine what the lead crack is and the
propagation mode and this determines our
inspections.

We must consider logistics in the equip-
ment decisions. Can I afford a new Whizzit?
Well, if I've decided I can and I've bought one,
I'might find that [ have this nice piece of equip-
ment, but Idon’t have the people trained in all
of the places that I need to use it. Equipment
sensitivity is continuing to grow with each
change and state-of-the-art improvement that
we get.

Flaw detectability goes along with the sen-
sitivity required. The condition of the material

and the human factors will enter here. Is the
instrument user friendly?

How complex is the application? To be ef-
fective, our instructions must be very clear.
What supplemental equipment may be needed?
There is usually a test standard involved. We
need to consider the certification of the test
standard. There is a project in one of our ATA
committees right now to consider this and how
to approach it with the manufacturers, and the
vendors who sometimes manufacture test stan-
dards for us.

What are the inspector’s qualifications? Is
he experienced? Is he certified? Are his work-
ing conditions comfortable? Procedures may
be written without first being tried in the real
world, only to find that we provided access, but
we can’t get to it and the procedure doesn’t
WOTK.

Theseareall important considerations, and
they’re all within the context of the ATA/NDT
forum.

It is in this framework of the ATA that an
Airline Inspection Task Force was formed. Our
latest project has been to develop the curricu-
lum for the in-house training of NDT inspec-
tors. Once adopted by the carriers it will serve
to standardize the NDT training program by
specifying the minimum class content and train-
ing manhours.

Last January the task force received formal
approval to proceed with this project. A draft
copy of this document was submitted to the
operators in April. They indicated their ap-
proval, with minor changes. The final version
of this document is nearly complete for distri-
bution as an ATA specification, ATA Spec 105.
This is the recommended guideline for training
and qualifying personnel in nondestructive
testing methods.

This guideline will be available for each
airlinetousein the formulation of their training
program for qualifying NDT inspectors.

An interesting finding during our discus-
sions formulating these guidelines is the differ-
ence in management systems within which we
must operate to accomplish the same thing.
Each airline has a different labor contract rela-
tionship or there may be no contract at all.
Those with no contracts are free to develop
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specialty groups which management can con-
trol, and provide training and utilize people
where needed.

Another airline may have a labor contract
which allows little or no management control
over who is selected. This system would suffer
from many defects, including having to con-
stantly train new people. Seniority isnota good
criteria for the selection, training and qualifica-
tion of NDT personnel. However, with the use
of this document, Spec 105, a program can be
set up to be compatible with any management
situation. It will provide a tool for the airline to
implement their in-house program for the most
efficient, effective inspector training by using
the same technical terms and equipment that is
in use by the group that he will be working in.
It will be the most cost effective, due to the
flexibility with which the training is available
to the inspector.

The requirements of our inspections are
determined by the aircraft. The methods we
use to do the requirements are determined by
the manufacturer. There are optional ways to
inspect, butthe procedureis determined by the
manufacturer. There are also mandatory in-
spections, which experience has shown should
be thoroughly understood and followed.

The methods of NDT inspection are many,
there are tried and true techniques. There is a
need for innovation in these fields to aid in
maintaining and extending the air worthiness
of the nation’s aircraft. | have spoken about the
result of the inspection being dependent on the
accurate statement of the inspection proce-
dure, the training and qualification of inspec-
tion personnel and the equipmentand facilities
needed.

Included in any talk of NDT inspection
should be a “wish list.” I would like to see any
new system to be reliable and cost effective.
Give us improved detection with computer
enhancement; and reduce theincidence of false
finds — the bane of all NDT inspectors. To
make a first-find crack inspection with a rapid,
large area inspection system would be the ulti-
mate tool, but it seems to be contrary to ail that
is in existence today. A first-find crack would
be at the onset of the cracking problem, which
would mean you are looking for a very small
crack. All of our systems for detecting small
cracks inspect a very small area with each scan.
The large area scan is used where you are
looking for a large defect.

The ATA/NDT forum has served well to
help the airlines stay abreast of the needs and
issues in our industry. Airlines share a com-
mon problem, aging aircraft. This phenome-
non will not just go away. Its demand on
maintenance and inspection functions will
continue and increase. Nondestructive testing
shares this problem. It’s the lion’s share. It’s
this share that is causing the rapid change in
the NDT operation. It is evolving from a some-
times used tool, to a continuing series of man-
dated or mandatory NDT inspections. Each of
these inspections require a greater and greater
degree of expertise and more and more man-
hours of inspection.

The demands placed on NDT inspectors as
a result of this increased work load call for the
best possible training and equipment to ensure
they have the best technical skill and equip-
ment to accomplish his job.
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Bruck A. KoTzIAN

FAA Aviation Safety Inspector — Maintenance

Good afternoon. Yesterday morning Mr.
Ramakisaddressed thisconference onongoing
aircraft maintenance evaluation by the FAA.
Part of the evaluation is to examine the opera-
tor’snondestructive testing program. I'vebeen
asked to give a thumbnail sketch of what areas
of nondestructive testing (NDT) are being
evaluated.

Each evaluation team spends about two
weeks performing the evaluation at each of the
operators. The first week isspentreviewing the
paperwork. We take a look at the NDT manu-
alsand their contents. We examine work proce-
dures by reviewing the work cards and NDT
techniques used by the operator. We evaluate
the manufacturer’s service bulletin, matching
that against the techniques used by the air
carrier and we review the operator’s training
programs, classroom training, on-the-job-train-
ing and the experience of the NDT inspector.

Thesecond week we evaluate the aircraft in
itsheavy maintenance “D”’ check. We evaluate
the NDT inspector performing the actual in-
spection on the aircraft, on all shifts. We sit

down with the inspectors on each shift and
query their observations on NDT procedures
and training. We also review the operator’s
NDT equipment to see if it meets today’s de-
mands, plus we are interested in what steps
have been taken to have state-of-the-art equip-
ment to meet the future needs of aging aircraft
inspection.

All this data that we’re acquiring is entered
into our computer program along with other
aging aircraft evaluations. And as Stephen Bobo
discussed, we’'re on the 11th aircraft and we're
going up to 90.

What are our observations so far? We have
found some operators using some antiquated
equipment even though they have the state-of-
the-art equipment on hand. In many cases the
NDT section is not separate from the quality
control department, which presents training
problems for the operator. The lack of stan-
dardization between the manufacturer’s serv-
icebulletin presentsa problem for the operator.
Most operators seem to have a difficult time in
purchasing state-of-the-art NDT equipment and
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there isn’t any standardization in the training  to look at approximately 90 aircraft total. We
programs between operator to operator norto  hope to have a good idea on how the operator
the manufacturer. performs nondestructive testing. We will look

In summary, as I said earlier, there are 11  at the problems that he faces and help him
aircraft that have been evaluated, and we plan  solve them.
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CHAIRMAN WiLLIAM T. SHEPHERD, PH.D.

Manager, FAA Biomedical and Behavioral Science Branch

When we were asked to take part in the
Aging Aircraft R & D program, we thought this
would be a pretty tall order. We have done a
fairamount of work on air traffic control prob-
lems and we had to grapple with just what it is
we could do, what we could produce for this
program.

After some debate we decided the best
thing we could do would be to provide infor-
mation. Thatis essentially what we are going to
do for the next couple of years. Weare going to
provide information that will be useful to de-
signers, manufacturers, and, included in that
of course, would be the people who deal with
things like maintainability.

We want to try and help theair carriers and
their maintenance operations including, repair
stations and not the least of which — the FAA.
Wewant to provideacompendium of informa-
tion and we’ll call it a handbook for now.

We may end up with things like video
tapes and other forms of media. But what we
want to do initially is provide information
dealing with such topics as information trans-
fer. How do you write an AD? What's a good

way of presenting a service bulletin? What are
good ways of writing work cards?

We want to providea sort of menu or selec-
tion of things that would be useful to a wide
audience. We would like to talk about things
like training and selection of maintenance tech-
nicians and inspectors. We want to deal with
questions related to the work environment.
What constitutes a good one and what are bad
things to have in your work environment?

Equipment, maintenance equipment, job
performance aids — there are all sorts of new
technology coming on the scene now and we
would like to be able to describe that. Also
worthy of scrutiny are inspection methods,
human limits and physiology, vision, color
vision, vigilance, boredom and complacency.
Those topics that are very prominent and have
been shown to be important in recent years.

We havealready started our research activ-
ity. One of our speakers this morning will tell
you a little about some of the work already

.done at Pan Am at JFK.

We send our people on aging fleet evalu-
ation visits. So far we have been to United, Pan
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Am and Aloha. We have been to Henson at
Salisbury, TWA at Kansas City and Tramco, a
repair station in Everett, Washington. There
are many more site visits planned and we
intend to have more of our people on each one
of these.

The intention is to try and gather as much
data and information as we can related to
human factors aspects of the maintenance in-
spection business. We have some of our people
from CAM], the Civil Aviation Medical Insti-
tute in Oklahoma City, managing this particu-
lar task.

We are also looking at human factors asso-
ciated with nondestructive inspection, human
engineering of equipment and training issues.

What we want to do is to get as much input
as we can to our program. Since we are hope-
fully providing useful information we really
need to get a lot of this from the user commu-
nity, that is, the industry.

By all means, feel free to communicate with
us on things you think are important to this
effort. Our ultimate product is going to be an
information compendium covering all those
topics I mentioned earlier plus others, too.

We have already held one human factors

conference. We held a kickoff conference last
year. We used it to scope the problem and to
calibrate things for ourselves, and in that con-
ference we identified a number of topics that
were more prominent than others.

Among them as I mentioned earlier, are
information transfer and training. Now we are
planning another conference for December 1989.
Weare going to dedicate that conference to the
one topic of information transfer.

We hope to deal with a whole spectrum of
issues. We are in the process now of formulat-
ing our speaker list and we would be happy to
takeany suggestions on that too. WhatI would
like to ask any of you who would be intere. t.d
in providing us some input, is make your
wishes known to me.

We want to get information from air carri-
ers, training organizations, people who are in
the business of training A & P mechanics and
the training organizations within air carriers.
We also would like to talk with NASA and
DOD representatives since they may have some
special expertise that may be applicable to the
civil side. And of course, we want to talk to the
academic community. We intend to have our
next human factors conference in June 1990.
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I'd like to talk to you today about a basic
human factors phenomenon, the vigilance
phenomenon and the problems when we ap-
ply that to the inspection of one kind or another.

The vigilance story has an interesting his-
tory, which I'll briefly give you. During WW II
when the RAF was flying long missions over
the Bay of Biscay on anti-submarine patrols
hoping to catch a surfaced submarine, it was
noticed that the radar operator seemed to be
the last one to see the target on the radar scope.

Someone else would walk past the radar
scope, bend overand say, “How about that one
right there?” The radar operator would say,
“Oh, yes! I never saw it.”” So it looked as if the
person most qualified and in the best position
to spot the radar target on these long, monoto-
nous patrols was the one least likely to do so.
The problem was taken into the laboratory and
this was the beginning of the scientific study of
human vigilance or watchkeeping, and it was
found that the decay curve for alertness was
very rapid, far more rapid than anyone had
ever thought.

In a matter of less than half-an-hour the

probability of detection started to drop to about
half of what it was under alerted conditions,
and continued to drop throughout the flight.

Let me outline what I am going to cover
today. In the basic vigilance process, I'll talk
about how it is applied to inspection and what
the problems of the inspector may be, and then
look ahead into the future.

These are the elements of a vigilance task.
First, the signals are subtle. By the signal |
mean whateveritisthe personislooking for, be
it a crack in a component of an aircraft or a
defect in a manufactured good or a surfaced
submarine showing on radar — that’s a signal.

A vigilance task looks at signals that are
subtle. They have a low signal-to-noise ratio
and often they are evanescent, that is, they may
appear and then disappear rapidly and the
vigilant inspector has to catch it while he can.

There are a class of signals which expand
and become more conspicuous over time. Iam
thinking of something like a radiologist look-
ingatan expanding tumor. That is, monthafter
month he may x-ray a patient and the target in
this case would be a tumor which is getting
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more and more conspicuous as time goes on.
But for the most part in your industry, we're
talking about flaws which are fairly constant,
although I suppose one could argue that a
crack might open up and become more con-
spicuous over time.

The second feature of the vigilance task is
low signal rate. That is, low probability events.
Namely, the lower the probability of the event,
the lower the probability of detecting it.

The final feature is that the events occur
with temporal uncertainty — they are random
in time. One cannot predict the appearance of
one of these events and, furthermore, they are
independent of previous events. That is, after
you see one of these events it is no more or no
less likely that another event will occur in any
specified interval following this.

Figure 1 shows the typical vigilance func-
tion, the decline of vigilance or probability of
detection over time. The time period in this
particularexperiment was only 48 minutesand
the decline in the probability of detection is
apparent.

This is the so-called vigilance decrement
and it appears in almost every experiment that
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has ever been done. We can duplicate the radar
operator and his loss of vigilance in the labora-
tory very easily. We see from the first to the
second twelve minute period a drop from 70 or
75 or so percent down into the 60 percent range
and then it continues and levels off. Sometimes
one sees an upswing in the last period of the
experiment.

Figure 2 was an experiment in which subjects
were trained the first day by various training
methods and then on the second day, labeled
Day Two, they ran under the most sparse
condition with no training aids available. You
see the slight increase in performance, which
was realized with an investment of only a 48-
minute run.

In general, with vigilance and inspection
tasks, practice alone does not improve per-
formance. But one can find training methods
that are effective inincreasing the performance
level, that is, the probability of detection. Merely
practicing the task, continuing to do it overand
over does not lead to an improvement in per-
formance. But there are methods that can be
applied that will increase the probability of
detection of the signals.

The signal rate effect in Figure 2 and the
parameter of those 16, 32 and 48 curves, were
the number of signals that were introduced
during the 48-minute experimental run. You
could think of that as the number of defects that
would appear as the person did an inspection
task over a 48-minute period.

The larger the number of defects, (the poorer
the quality of the product) the higher the proba-
bility of detection. This is one result that has
held up for years from one experiment to the
next. Itisalmostirrefutableinits constancyand
a conclusion one might draw is that a higher
quality product will lead to the worst inspec-
tion. When the probability of a defect being
present is low, the probability of finding it will
be low.

Figure 3 shows more data from the real
world of inspection. This vigilance curve is one
that I produced a number of years ago by cre-
ating a computer driven adaptive vigilance
task such that the size of the signal increased if
the inspector missed and decreased if he caught
the signal.
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Therefore, the size of the signal was con-
tinually adapting according to his proficiency,
set fora target detection rate of 75 percent. If he
fell below 75 percent, the gap opened up, so to
speak. And, if he overperformed by detecting
better than the target of 75 percent, the task got
harder. So it got harder or easier depending on
his level of performance, and as youcansee this
is the width (w). The curve is drawn upside
down to make it look like a typical vigilance
curve. As before, 32 signals were presented in
48 minutes, and the width of the signal neces-
sary to lead to a 75 percent detection rate, in-
creased, a new definition of vigilance decrement.

The application to your area is that if you
want a constant probability of detection, you
can expect that over time the vigilance rate, the
size of the signal (defect or flaw) one looks for,
must increase. If you are looking for constant
size signals, as before, the probability of detec-
tion will decrease.

Let us focus on the human inspector with

the point being that the human inspector is
influenced by the environment, physical and
social, inwhichhe operates. Heis not operating
ina physical orsocial vacuum. Heis influenced
by economic conditions. He is influenced by
social conditions, including peer pressure from
his fellow workers and managerial pressure as
well, often managerial pressure to pass goods
rather than to reject them.

He is also affected by standards, specifica-
tions, training, experience and the payoff to
him is the cost of the two types of errors he
could make. Figure 4 is a typical decision pay-
off matrix.

When there are only two choices, the in-
spector can accept or reject an item and there
are two possible conditions of the item. The
product can either be effective — good, or
defective — poor. One can then cast this into a
two-by-two decision matrix.

Ifthe productis good and he acceptsiit, that
is a correct decision. If it is defective and he
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Figure 3 — Airframe Structural integrity Program

rejects it, that is correct. But let us focus for now
on the two erroneous decisions that can be
made.

One erroneous decision is that the product
is effectivebut herejectsit. Thatis called a Type
OneError. That carries a price, Vre, the value or
cost of a false rejection.

The cost would be acceptable goods that
have been rejected and carry the price of rein-
spection or scrapping something that is good
—allthe work that would be involved in either
reclaiming or replacing rejected goods that
should not have been rejected.

Perhaps far more serious would be another
corner of the two-by-two matrix and that is
when defective goods that are passed on, Type

Two Errors. They carry with them a price, Vad,
which would be the value or cost of accepting
a defective item.

What the inspector must do is balance the
cost of those two errors. One cannot eliminate
those errors altogether but one tries to mini-
mize the total cost of those two items. Let me
giveyouafew examples of detection rates from
real world inspection tasks published in thein-
spection literatureand l ask you to focus on the
last column in Figure 5. These are typical in-
spections where the goods are reinspected and
the rate of rejection can be found. The percent-
age of detection is alarmingly low.

These are real world, not experimental,
data. You see detection rates as low as 30
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PRODUCT PRODUCT
EFFECTIVE DEFECTIVE
TYPE |l
CORRECT ERROR
ACCEPT
5 ACCEPTANCE Vad
% ,
D
Q TYPE |
ERROR CORRECT
REJECT REJECTION
Vre
Figure 4 — Decision Payotf Matrix
AUTHOR DATE PRODUCT % DETECTED
Jacobson 1952 Solder joints 83
McCornack 1961 Various 30-91
Chaney/Teal 1967 Machine parts 30-50
Sheehan/Drury 1971 Metal hooks 57-80
Fox 1964 Metal coins 55
Jamieson 1966 | Telephone equip. 41-70
Rigby/Swain 1975 Various 30-90

Figure 5 — Examples of Accuracy in Inspection Tasks
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percent there. The average is somewhere around
60 percent. In other words, an awful lot of
goods are going through.

Figure 6 does not show the false rejection
rate, those cases where good, acceptable, effec-
tive goods are rejected. There can be more than
two states. Itis possible to classify product into
k states, yielding a k-by-k decision matrix.

Figure7 are data from 39,000 inspections of
a small metal hook. This is a relatively high
quality product; 98 percent of the hooks were
effective and two percent were defective. About
four out of five of the defectives were detected
here and rejected; and about a fifth passed the
inspection and became Type One errors.

So, in summary, I'd like to say that the
vigilance problem is severe, it’s built into the
human. It is difficult for the human to maintain
alertness over time, and that time period is far
less than an hour, really more like half an hour,
in which one would see a significant decline
from an alerted condition to a far diminished
performance curve.

Thereare things that we candoaboutit. We

can change the nature of the task and perhaps
give better inspection tools and training as
well.

Iwantto point out that there are ergonomic
methods that can be used to overcome this
problem. But it cannot be overcome by select-
ing better workers. That has not been proven to
be effective at all. In fuct, there is a kind of a
reverse thought there. It has often been felt that
the low end of the intelligence scale in the work
force might be the best inspectors: dull people
for dull jobs, but that has not been proven to be
the case at all.

Thavereviewed the literature on selection
of inspectors in a chapter in Dr. Drury’s book.
Attempts to improve inspection performance
by going out and selecting the right people to
do the job have not proven to be effective at all.

So 1 would put my money into ergonomic
improvement, job redesign, better tools and
better training; and, not beled into the trap that
there are some good guys out there, if you
could only find them, testthem and bring them
in.

QUALITY 1 QUALITY 2 QUALITY 3 | QUALITY 4 QUALITY 5
§ V1.1 V1.2 V1.3 V1.4 V1.5
<C
EUL):) V 2.1 V2.2 OVER-RATED
w
3 v a1 V3.2 V3.3 V3.4 V3.5
o
;6_: UNDER-RATED Va.4 V4.5
% V5.1 V5.2 V5.3 V5.4 V5.5

Figure 6 — Utility Matrix for K-States
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DATA FROM 39,000 INSPECTIONS

wtorons | oot | oovor
ACCEPT 134 (.0034) 38,195 (.9793) 38329 (.9828)
REJECT 646 (.0166) 25 (.0006) 671 (.0172)
TOTAL 780 (.0200) 38,220 (.9800) 39,000 (1.0)

Figure 7
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CouNn G. Drury, Pu.D.

The Center for Industrial Effectiveness
State University of New York, Buffalo

Iam going (o talk about inspection, particu-
larly industrial tasks, so I am beginning where
Earl Wiener ended.

He showed how a human being does an
inspection job, starting off with laboratory data
and then moving to field data from inspection
situations in factories. [ am going to start straight
out withinspectiondata from factories. Almost
all the data I have is from actual plants that we
have worked in. This is not laboratory oriented
work.

For many years we have studied human
factors inspection and quality control in manu-
facturing industry. The challenge is to apply it
to the industry of aviation inspection, aviation
maintenance.

The human as a technical system is what |
want to emphasize first. We know a lot about
the human as a mechanical, cognitive system,
a system you can put numbers onto and get
data from to find out how to do things better
and how to optimize. Next, I want to give you
some case studies from manufacturing. I have
chosen a couple which have shown how you

can inspect better, how you save money by
doing good human factors work. Then I'll talk
about what we can change and what we can’t
change and, finally, how we proceed from
here—my views, not necessarily the official views
of the FAA.

The challenge is to take a typical aircraft

inspection situation and find out how to do it
better. We are just starting task analysis of
inspections. We are visiting inspection and
maintenance sites to analyze how the job is
being done as a starting point for how we can
help people do it better.

You can treat inspection as a single task or
take it apart into its components.  am going to
break them downabitusing simple task analy-
sis or task description of an inspection job.

A part comes to the inspector who, first of
all, searches to find if there is anything there
that is of interest. The search can either be
visual, (and I will concentrate on visual search
today, because it is an area you can quantify
and it is still the comerstone of lot of lot of our
inspection) or it can be NDI or any other proce-
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dure we are using for searching. Once the
search procedure has found something called
the flaw, something which is interesting — it
may or may not be a fault — you then have to
decide. Isita good item? Is it a bad item? Is this
fault too severe? Is it not severe enough? You
have to compare it against standards.

So thereis asearch task, a decision task and
then disposal of the item. In industry this means
putit on the conveyor, put it ina different box.
In aviation inspection it means write it up or
take some other action.

This can be visualized as a model rather
than a list. (Figure 1) An item comes to the
inspector, who, if it is a visual task, fixates a
smallarea. The inspectorcanonly fixatea small
part of this area because it is impossible to see
everything in one glance.

If they find a flaw in it then they go into the
decision making box in Figure 1. If they do not
find a flaw in it then they go around and fixate
another small area and continue the search
process. If they find a flaw they get down into
the flaw rejectable box and then decide whether
to accept or reject the item.

Butifthereis no rejection, if the flaw seenis
not sufficient to cause rejection, then they have
to decide whether it is worth continuing to
look. From Figure 2, the inspector decides
whether thereis timeleft to continue searching,.
Whether management or the inspector makes
this decision, a decision will eventually be made.
The inspector will eventually have to call this
good item good. The point about this model is
that it says the only reason you ever accept
something is that you cannot spend more time
to look any further for defects. The truth is that
the only reason we accept anything is that we
have decided that it is no longer wortn searching.

From Figure 1, we can derive some conse-
quences. First, if the item is in fact good, then to
get down to the reject box, you have to do two
things in series. You have to find a flaw that is
not really a flaw, which means the search proc-
ess has to fail. And, you have to call the flaw a
fault, which it really is not, which means the
decision process has to fail. Hence, if you want
to make a Type One Error of a false alarm, you
have to make two errors in series.

However, if theitemis in fact faulty, then to
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reach theaccept box, you must do two thingsin
parallel. Either the search can fail to find a
defect, or when the defect is found, you can
come to the wrong decision. So it is hardly
surprising that there are a lot more errors in
terms of missing signals than there are in terms
of false alarms because one of them is a serial
process and the other one is a parallel process.
This model begins to explain some of the data
that Earl Wiener discussed about why you tend
to get more missed defects than false alarms.

We have seen that there are search and
decision making in this simple task analysis.
Those are the two error prone parts of an in-
spection job and we have to examine them a
little more deeply to find out something about
them.

Search can be visual, which 1 have talked
about already. It could well be procedural as
when you are searching lower rivets with an
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NDI device to detect any cracks. That would be
a procedural search rather than a visual search.

A decision to make is where you compare
an indication to standards. You compare a blip
or a trace on your machine against a standard
that you stored in your head or a standard that
you have physically used to calibrate the ma-
chine.

We thus have a model of the inspection
process we can work with, a model which
works justas well with pure manual inspection
as it works with machine-aided inspection.
The same thing applies equally well to totally
machine inspected inspection. There is still a
search portion and a decision portion. If you
have ever analyzed the literature on, for ex-
ample, printed circuit board inspection using
purely automated devices, you can find exact
parallels between what 1 am saying about the
human and what is going on in the machine.

Let us examinein moredetailone of thetwo
error prone stages: visual search. Figure 3 shows
an example of an industrial task where a per-
son is searching for a bad solder joint. It is very
difficult to tell when you havea good joint and
when you have a faulty one. The inspector
pe inrmsasearch task of this sort by having an
area in which the fault can be seen, asmall area
around the line of sight which is called the
visual lobe. Within this visual lobe, you can see
a defect. Outside this visual lobe, you cannot
see it. The inspector searches the item by moving
this visual lobe successively to different por-
tions of the visual field. Some obvious conse-
quences of this are if you have a fixed size of
visual lobe then the longer you spend search-
ing the more coverage you get and the greater
your probability of detecting a fault.

Thus, something as simple as how long
you give a person to do a task, is very impor-
tant in visual search tasks. Search is what is
called a resource limited task. It uses the human
resource of searching and the more resources
you can put in it, the better. You can tell re-
source limited tasks because the longer you
give a person to do them the better job they do.
Figure 2 gives an example. You can see a defect
clearly within a certain area and outside that
area you cannot. The actual size of the visual
lobe of course depends on the size of the defect

you are looking for, the lighting, the contrast
and many other factors. We can do the same
thing for decision making tasks. Here we ex-
amine a flaw to see whether it is better or worse
than standard. The standard may well be held
in memory, which brings in another fallible
human information processing component.
Almost all of the components of the human
being are fallible, asarealmostall of the compo-
nents of machines. In human factors engineer-
ing we are doing just as we do with any other
human endeavor--trying to build an infallible
system with fallible components.

Earl Weiner has discussed signal to noise
concepts. A faultisa signal, anon-faultis noise
and the Type One and Type Two Errors trade
off against each other so that as you get more of
one you tend to get less of the other. Decision is
what is called a data limited task. Usually, the
time taken to make the decision is fairly short.
The inspector either comes to one decision
quickly or comes to the other decision quickly.
Looking at the fault for longer usually does not
allow you to make a better decision, hence it is
data limited. The data or the signal to noise
ratio of the data coming in is typically poor,
causing problems of decision accuracy.

To give you an example of a decision task,
Figure 3 shows some work we have done on
printed circuit board inspection where you
compare a good board against a faulty board or
potentially faulty board and the display gives
you both of them together so that the inspector
can do a direct comparison. You can make a
comparative judgment of whether an item is
faulty, rather than an absolute judgment, which
is much more error prone. In decision tasks
such as this, the two errors trade off against
each other.

Figure 4 plots the two inspection outcomes
against each other. Each point represents one
of seven human inspectors in an experiment in
the glass industry. The inspector whose point
lies at the upper end of the curve finds about 80
percent of the defects but only accepts about 50
percent of the good items. The person whose
point is at the bottom right finds 95 percent of
thegood items (so he does not make many false
alarms) but, he only finds 30 percent of the
defects. Neither performance is particularly

215

EES -1V S

[



Second Annual International Conference on Aging Aircraft

Figure 2

Figure 3

218




-

ey - e

Colin G. Drury

p¢ Faultly item rejected )

p( Good item accepted )

Figure 4

good. Such a graph is a natural consequence of
the way people behave at a low signal to noise
ratio. They trade one error off against the other.
The question for us today is that when an
inspector is looking at a particular area of an
aircraft fuselage, how does he trade these two
errors off against each other?

Fortunately, we have years of lab work to
show us how people perform these trade otfs
and canbegin to answer the question. Two case
studies from the manufacturing industry show
that we have been doing this for some time.

The first case is on the inspection of aircraft
bearings for jet engines. We first performed an
inspection task analysis to find out how this is
currently done. We looked at many of the fac-
tors concerning how people perform this task,
ran experiments on it and came up with im-
provements, many of which dealt with work-
place design and many of which dealt with
training. The company we worked forasked us
to design and run a training program for the
inspectors. We used off-line training, both to
retrain existing inspectors and for the initial
training program for people coming into the
system. The inspectors had been doing this
task from five to twenty years with an average
of about ten years of inspection experience. We
retrained them. Retraining them cut their error
rate in half, even for people who knew what
they were doing and had been doing it for a

longtime. But as Earl Weiner said, thereisa dif-
ference between training and practice.

Training people who had been doing it for
a long time can make dramatic improvements
in their error rate bu: we were able to take
people off the street and have them more accu-
rate than the current inspectors in a two-day
off-line training program. They could do a
better job at detecting the difference between
good and faulty items on all the various crite-
ria. This task was fairly complexand there were
many different criteria.

The second case comes from the glass in-
dustry and involves inspection of sheet glass.
Figure 5 shows the effect of a change to a new
inspection system. The new system consisted
of rapid feedback to inspectors, by performing
a small sample check on the inspectors, to be
able to help them do a better job. It involved
telling them what sort of faults they were miss-
ing and telling them what sort of faults they
were being too harshabout. In other words, we
were giving feedback. Inspectors always have
feedback because they get customer complaints
but thatis very slow feedback. The new system
provided feedback within minutes of their
making a decision.

Providing such rapid feedback resulted in
a major increase in discriminability. A change
indiscriminability from 2.5to0 3.25,as shownin
the figure, represents a halving of the misses
for a constant level of false alarms. The change
had an enormous impact on that particular
facility at zero cost, because the company was
providing feedback anyway. We just provided
it more rapidly.

Human factors engineering recognizes that
thereare only twochanges to be made. You can
change the person to fit the job, or you can
change the job to fit the person. Either way
gives a match between the human and the job
which is what human factors is all about. Fit-
ting the job to the operator involves selection
and placement, training and retraining. Fitting
the job to the operator covers equipment de-
sign, environment design and job design. To
performany of these “’fits’’, we need a model of
the human being during the job. We already
have seen two such models, visual search and
decision making.
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Let us consider the design of training pro-
grams. In progressive-part training, a task is
builtup fromitscomponents. The trainee starts
with one part of the job, say A. This is learned
to criterion. Next another part of the job, B, is
learned to criterion. When both are mastered,
they are then learned together to criterion.
Then you add a third task, C. Learn to do all
three to criterion, and so on. In each case, the
trainee does not just sit there listening, which is
probably the least effective form of training.
You have to get active reponses by the trainee
and control feedback during training. Tell people
how well they are doing and don’t cut out the
feedback entirely when they get into the plant.
That is the difference between practice and
training.

A second area of fitting the operator to the

jobisselectionand placement, whichisa favor-
ite because it apparently costs little to find the
right person to fit the job. There are large indi-
vidual differences in inspectors. Some people
are better than others. So we would expect tobe
able to develop a good selection procedure for
who is going to be a good inspector. What are
the correlates of a good inspector? We have
done a number of studies on this. What we
found is that we can get some parts of our
selection procedures to correlate with some
aspects of performance, but the tests do not
generalize well. A good inspector on this in-
spection job is not necessarily a good inspector
on another inspection job. We have not found
an “inspection type.”

Thebest test we found is a small simulation
of the actual task. If people do well on the
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simulation, they are likely to do well on the
task. After considerable work itis not a particu-
larly revealing statement. We have to look at
selection again in the aircraft inspection con-
text but it is not where [ would put my money
for effective results.

Where I would put money is on job design
and equipment design; decision aids at the
work place. In Figure 4, showing printed cir-
cuit board inspection, you have two circuit
boards and you can compare one to the other.
This is an effective job aid. So is feedback to the
inspector. Feedforward to the inspector is tell-
ing the inspector whatto expectand alsocanbe
very powerful. Maintaining vigilance is equally
important.

What is needed now is human factors input
into the inspection process, which is what the
FAA is sponsoring. Two things need attention;
one is improving the number of human factors
people who are going to interface with this
system. If there are just two or three of us we
cannot do the work required. The other aspect
of this is to get what we know about human
factors rapidly into the system so it can help in
advance of the research findings that we hope
to generate.

Here is the challenge. We would like to
take an inspection situation in aviation and
know as much about it as we do about indus-
trial inspection, so that we can make the same
sort of improvements as we did in industry.
Improvements are there to be made and are
cost-effective if we apply knowledge correctly
to do this.

Asanexample of changes thatare possible,
consider the information used. Going around
some of the inspection work places, | have seen
pieces of information in hard copy (pencil and
paper) pasted onto the wall. So I went back
through my library and looked at rigging notes
from WW land found the same sort of things—
points to observe when overhauling machines.
I also went back to my father’s notes, he was a
fitterin WW I1. His notes showed how to repair
cracksand holesin windows of aircraft. Healso
had some diagrams of how to sew up the fuse-
lage of a Mosquito bomber, which was made of
wood. What I see is that things have not changed
much. We still have information upon the walls

telling us how to do things and we have to go
and get this information before we can use it.
Technology is now getting to the point where
we should be better able to provide this infor-
mation to the operator at the working point.
That is one of the i, . gs that I'd like to see us
doing, supporting the inspector in a difficult
and vital job.

The next steps are task analysis and task
description. Thisis where wearenow, trying to
describe what has to be done in the whole
maintenance field, and is one of the major jobs
that needs to be done before serious research
can begin. Task description tells us what people
have to do. From this task description we take
quantitative data on human capabilities and
compare it with the task demands to create a
task analysis. This tells us where the errors are
likely and it also tells us how we should organ-
ize our resources to make sure that we are
doing the right thing with the human factors
input. It allows us to concentrate on those
actions which will have the major impact on
reducing inspection errors.

The short term changes are, getting knowl-
edge out to industry quickly, getting more
human factors involvement, and getting people
in human factors fields who do not know avia-
tion inspection up to speed so they can start
working on these problems.

The next step is to aim for long-term changes
with research on equipment design. From what
[haveseenofsomeofthe equipmentitdoesnot
fit good human factors principles. The signal
and noise are not widely different on many
instruments.

In environmental design, much of the air-
craft inspection is performed in what industry
would call peculiar environments, both in terms
of the physical environment, (the lighting, the
glare, the noise, the thermal environment), and
also, the managerial environment (eg. coming
in at night and having to get a lot of inspection
done quickly so that the company can begin to
schedule all the maintenance). There are many
environmental factors in here: job design re-
search, how you provide the feedback and
feedforward in a sensible way. All of these
depend on knowing the human operators as a
technical system.
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Unless we have good quantitative dataon  over the world for many years, and with the
the human being then we cannot design forthe  particular system of aircraft inspection.
human being. This is where we have to inter- The challenge is to take a job that we all
face between the human factors knowledge know well and make it easier and better for the
that has been generated in labs and factoriesall  operator to be more effective. Thank you.
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The Impact of Organizational Roles
on Maintenance Programs

~AMEs C. TAYLOR, PH.D.

Professor of Human Factors
University of Southern California

Good morning, everyone. Itis a pleasure to
be able to attend this conferere on aging air-
craft and [ am happy to be able to address you
on a part of human factors that we often over-
look in aircraft maintenance.

As air transport carriers are pressured to
increase the number of passenger seats avail-
able, the job of the air carrier's maintenance
system increases in complexity and becomes
even more crucial for the quality of mainte-
nance provided. This is a chaotic environment!
The problem of aging aircraft is the most critical
one facing anindustry already confronted with
more than its share of crises over the past dec-
ade. The need for reform in maintenance has
become more urgent than ever before.

Attention to the human factor in mainte-
nance is growing, thanks to conferences such
as this one. There is a risk, however, in regard-

ing the human factor merely as an individual
automaton, directed to use skills learned in
vocational schools or in “by-the-numbers” mili-
tary training. Instead we need to begin to under-
stand and reform the network of relationships,
commitments, loyalties and motivations of all
human roles in air carrier maintenance — not
only those of A&P mechanics, avionics techni-
cians, inspectors, and their unions; but those of
maintenance supervisors and foreman, techni-
cal trainers, maintenance managers and FAA
inspectors as well.

Flexibility in and anticipation of response
to unpredictable events and situations in a
chaotic world is what is needed in maintenance
today. Such adaptability requires a system of
allies among the various maintenance roles,
alliesin their shared understanding of business
constraints, passenger service and pilot support.
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But such reform has not been shown to
work in industries where a top-down manage-
ment style is the norm, or in companies experi-
encing bitter labor relations. What will work,
underany circumstances, are genuinealliances
in which mechanics and their unions join with
managers and the FAA to design and imple-
ment reforms.

The present problem

Inaircraft maintenance there is hardly any-
thing published about human factors at either
the individual worker or organizational levels.
There are few references in the human factors
or organizatior al studies literature on mainte-
nance and even fewer on aircraft maintenance.
A recent search of published references from
the 13-year period 1976-1988 yielded only 15
papers in the latter category. Of those found, a
number dealt with the physiology of human
response. Examples of these include discus-
sions of the effect of location, shape, o1 conven-
ience of cockpit controls (such as for ejection
seats in military aircraft) serviced by mechan-
ics. Only a few studies discussed the whole
person in context.

Onereference described and reported tech-
nical advances in aircraft engine design that
were developed to make field maintenance
duties soldier-proof. This reference to eliminat-
ing the human factor through technology (orat
least as much as possible) is an aiternative to
the notion of a system of allies — but such an
alternative isn’t necessary in my opinion.

Technical advances, in some cases even
totalautomation, can be used to strengthen the
maintenance system’s human response to its
chaotic world. For instance, one air carrier re-
ported reforming a rule-based maintenance
software system, originally intended to direct
mechanical work, into a supplemental tool for
mechanics. The results included retaining the
cost benefits of the former system while im-
proving maintenance quality and mechanic
satisfaction. The carrier calls this reform chang-
ing an “Expert System’ into a “System for
Experts.”

Some reference has been made to mainte-

nance people being complex and intelligent,
but this is countered by statements that me-
chanics are still “doing what they’re told,” but
do not show that they “know what they are
doing.” A number of ATA sources state that
around 80 percent of all cracks in aircraft are
found by visual inspection, presumably by
persons doing a complete, general walk around,
and not by persons looking specifically for
cracks. These alert people are probably not in
the category of doing just what they are told.
They are going beyond the formal confines of
their jobs and are acting in a complex and
intelligent manner.

Of coursethis not surprising, people gener-
ally do work beyond the borders of their job
descriptions, and in line with the expectations
of those around them. It is ironic that we be-
come most aware of such informal accommo-
dation when it is suddenly withheld. An example
(probably familiar to the present audience) is
the time during the late days of the Carter
administration, when air traffic controllers
“worked to rule” as a protest, by maintaining
the safe but unrealistic distances between planes
specified in their work rules. (This was before
they took matters further and actually went on
strike in 1980). When this slowdown happens
in Britain its called “working to rule.” At the
time it happened here, FAA spokesmen called
it “malicious obedience.” Controllers had been
expected to balance safe flight and on-time land-
ings even though they had not been given
explicit direction or permission to close dis-
tances between aircraft.

Expectations are the essence of social roles
and they require a network of relations (some-
times positive and constructive, and sometimes
not) with others in the work place, elsewhere in
the organization, and with outsiders.

Social roles in aircraft
maintenance

Peoples’ roles at work vary from their jobs.
Jobs are formal statements of what we agree to
perform, while roles rely primarily on the
communicated expectations of others, and of
our perception of those expectations that often
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go far beyond mere job descriptions. The me-
chanics who actually perform aircraft mainte-
nance not only do what they know, but doubtless
know a lot more than they do. It would be
valuable to assess the areas of common expec-
tations among the various roles in the total
maintenance system. This means understand-
ing how technicians, inspectors, managers, flight
crews and others can share common goals, can
shareawareness of resources to deal effectively
with the aging fleet, or how they can collec-
tively understand “"hot spots” on particular
types of aircraft.

There are a number of questions that such
an assessment might address. For instance, to
what degree do the various roles in mainte-
nance understand one another and the overall
safety system? How similar and intense is the
commitment to safety and quality of the aging
fleet by all persons in the maintenance system?
Can steps be taken to create a common lan-
guage of safety and quality among all of the
various roles? What would such a language
look and sound like? For example, would it be
based on the aircraft themselves (JAL’s dedi-
cated maintenance teams make this a require-
ment). Or perhaps such a language could be
anchored in a shared maintenance paradigm
(“damage tolerance” is a case in point). Or
might it reflect one of the various total quality
management programs currently popular
among American manufacturing management?
Is a pioneering effort to create true joint techni-
cian-management commitment worth consid-
ering—and are the needs great enough and the
groups close enoughin their wishes and expec-
tations to make it possible? In short, how should
change be approached?

A first step

Now is the time to visitand to observe (and
eventually survey) a sample of American air
carrier maintenance operations. This should
include observation of the maintenance and
inspection work processas it relates to fuselage
corrosionand cracking. Additionally, manage-
ment practices should be reviewed, to the ex-
tent they are visible, to assess how they affect

the practice of aircraft maintenance, particu-
larly as it relates to the aging fleet. The sam-
pling of sites should consider carrier size (being
certain to include at least one commuter line
carrier) and location of sites around the country.

The object of this series of visits is to exam-
ine practices within the context of a socio-tech-
nical systems model, examining work places
and practices to discern whether a common
language of work exists. The specific focus
would be the routine maintenance operations
related to older aircraft. Such a study would
seek to identify some innovative, insightful
and appropriate styles, practices, and com-
pany cultures.

Socio-technical systems
management

Thebasis of STS management is that organ-
izational systems have a technical function, a
common language, to perform in a complex
and turbulent environment. Aircraft mainte-
nance organizations need to retain their efficient,
responsive and reliable operational services;
while improving their response to the special
problems of the aging fleet. They can begin to
do so by developing explicit mechanisms that
ensure collaboration and shared expectation
between groups. In doing so we begin to deal
with the human factor in a larger sense.

Alotof information has been developed on
STS management. It is an aid to understanding
and designing organizations. The products of
the approach follows.

Technical analysis of a maintenance proc-
ess is expressed in terms of the mission and
unit operations of the work process. Once the
boundaries of input into the system and output
from it have been defined, it is possible to
identify state changes in the throughput as it is
directed toward the conscious purpose of the
enterprise. These state changes will often be
found different from the departments and
functions of the typical organization for that
industry. Identification of key factors or vari-
ances is the second part of the technical analy-
sis. This is the important task of describing
normal deviations in terms descriptive of the
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throughput, and then identifying the most crucial
of those for the purpose and product of the
enterprise. These key factors will often include
the “"hot spots” mechanics and inspectors evolve
for themselves, but may also includeimportant
variances previously overlooked because they
do not show the direct results on product, but
play an important, if indirect, upstream function.

Analysis of the management of these key
factors frequently reveal that they are often not
controlled where they originate and that much
of the control is undertaken long after the vari-
ance limits are exceeded. This is a design deci-
sion— whether by omission or by commission.

Often managers feel capable of making
organizational decisions based on intuition and
experience. But the issues of aircraft mainte-
nance today have become extremely complex.
Thus, many of the structures that seemed intui-
tive have proven unsatisfactory. Among the
many organizational forms that have been tried
are assigning inspection and maintenance to
separate departments, organizing all systems
maintenance strictly by application domain. In
short, the maintenance staff structures that
may have proven adequate in the old days are
breaking down in the era of complex planes
and turbulent environments, when strategic
planning must include all parties to the work.

Until maintenance organizations are ap-
propriately structured to their joint commit-
ments and expectations, it is unlikely that
anything can be done to build a strategic main-
tenance function. New methods, policies, tech-
nologies and people won’t help if the design of
the organization impedes people’s best efforts.
Each organization needs to be designed to suit
its own business, its own people, and its own
future.

The key variance control analysis described
above provides an important opportunity to
see how conventional ways are often inappro-
priate because of the difficulty of communicat-
ingamong groups. The social systems analysis
examines the work-related interactions among
people in an enterprise. It permits description
of the coordinating and integrating buffer be-
tween the technical transformation process and
the demands and constraints of a turbulent

environment. Any organization, if it is to sur-
viveinthose environments, must perform four
basic functions. First, setting and attaining
performance goals. Second, adaptation to the
external environment. Third, integration of the
activities of people within the system; and
forth, long-term development. The task for the
social analysis is to describe the ways that these
necessary social system functions actually get
carried out in a specific organization, and to
evaluate how effective these methods are for
satisfying the human and technical require-
ments of the enterprise. The focal role network
and sodial grid are tools for attaining this product.

Here are some key bases of organizational
design as they apply to maintenance or-
ganizations:

¢ Thetechnical basesof cooperative work. To
build an atmosphere of cooperation, the
design of the organization must ensure
identifiable product lines for every group
within maintenance. When charters are
unclear — either poorly defined, too broad,
or inconsistent — the natural drive for ex-
cellence is thwarted. A healthy organiza-
tion design should provide a crystal clear
definition of the business of each group
within the maintenance function, as well as
of the business of the overall carrier.

e The explicit interdependencies in organi-
zations. When organizational structure is
stated simply in terms of boundaries, terri-
torial battles can be minimized. However,
interdependencies may not be clear. When
collaboration is required, it is not clear who
is serving whom, and who had leadership
responsibility for which issues. Organiza-
tional design should provide clear guidance
on how the various maintenance functions
work together.

¢ Structural dependence on higher manage-
ment. Many problems may be invisible in
the presence of a top management team
that is friendly and works well together.
Nonetheless, this is a fragile truce. Further-
more, an inordinate amount of manage-
ment time is spent resolving problems that
arise from a dysfunctional organizational
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structure. Clearly an organizational struc-
ture that depends on the good will of senior
managers is not a high performance or-
ganization.

The issues above are all the sort addressed
by socio-technical analysis and design. Such a
study would describe (and recommend where
possible based on best practices) strategies for
overall improvements in the normal mainte-

nance and inspection processes, as well as in
management stvle and support activities.

Using these tools to create allies in mainte-
nance is a way of fixing the problem, not merely
fixing the airplane. It is a way that has proven
powerful to organizations within PG&E, AT&T,
and major auto companies, in their pursuit of
successand survivalin their turbulentenviron-
ments. It seems timely to begin to look this
direction in air transport a+ well.
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THE HONORABLE ToM LEwis

Congressman, State of Florida

Speech presented by Dr. James C. Greene
Science Consultant, House Committee on Science, Space and Technology

Congressman Tom Lewis, who is Vice Chair-
man of the Subcommitte on Transportation, Avia-
tion and Materials, asked me to let you know that he
regrets not being able to be with you today. I will
read Congressman Lewis’ remarks as if he were
giving them.

[ am pleased to have the opportunity to
address the Second Annual International Con-
ference on Aging Aircraft sponsored by FAA.
As many of you may remember,  also had the
privilege of addressing the first conference on
June 1, 1988.

At that time it was not clear to me if FAA
was willing to make the commitment neces-
sary to accomplish the operational objectives
and research and development goals recom-
mended by the conference. Now, 16 months
later, we are seeing significant activity.

First and foremost, the Secretary of Trans-
portation, Mr. Skinner, and the FAA Adminis-
trator, Mr. Busey, are working as a team. The
winds of change are both kinder and gentler.

More important however, their goals are to
address aviation problems, such as aging air-
craft safety, effectively and efficiently.

The National Aging Aircraft Research Pro-
gram, begun earlier this year, is one positive
result of this leadership. It demonstrates that
there is a commitment to implement the goals
and objectives of last year’s conference.

Just last week, at the FAA R & D Confer-
ence, Mr. Busey released the revised research
plan that contained details of the Aging Air-
craft Research Program. If anybody can suc-
cessfully implement this plan, the dynamic
duo of Skinner and Busey can.

Congress has also been active in the area.
One week before the first Aging Aircraft Con-
ference, I introduced the Aviation Safety Re-
search Legislation. The bill mandated that FAA
spend 15 percent of its research funds for long-
term research.

Specifically mandated was research, and
this is a quote, “‘to develop technologies and to
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conduct data analyses for predicting the effects
of aircraft design, maintenance, testing, wear
and fatigue on the life of aircraft and on air
safety. To develop methods of analyzing and
improving aircraft maintenance, technology
and practices, including non-destructive evalu-
ation of aircraft structures.”

Other congressmen supported this concept
because 161 days later the bill became Public
Law 100-591. And, not a single representative
or senator voted against it as it passed both
houses of Congress.

Onereason for this strong supportis that so
many members of Congress hear from their
constituents about their concerns on the ade-
quacy of air safety. This, coupled with the fact
that almost all congressmen are frequent flyers
and understand their constituents’” concerns,
accounts for much of the congressional sup-
port for aging aircraft research.

Aviation is almost unique in the business
world inthat there are essentially no organized
groups that are advocates for the flying public.
Consequently, people look to Congress to be
their spokespersons. This has led to congres-
sional concerns about the adequacy of FAA’s
aging aircraft safety programs.

For example, the fiscal year 1990 funding
level for aging aircraft research is $4,000,000.
Up from zero in fiscal year 1988. Is that an
adequate level? Will it permit the development
of non-destructiveinspection technologies that
will detect problems before they become acci-
dents? I am not sure that it is.

In the House Transportation Appropria-
tions Bill, we were successful in getting the
FAA research budget increased from
$165,000,000 to $185,000,000 for fiscal year 1990.
This will translate into increased funding for
aging aircraft research as well.

With the surplus in the Aviation Trust Fund
there is no reason why the research funding
level should not besignificantly higher. Butitis
not and we must increase our efforts to con-
vince those who control the use of the Trust
Fund to spend it for important aviation pro-
grams, such as aging aircraft research. That is
what it is intended to be used for.

In order to have an effective research pro-

gram there must be effective agency manage-
ment. A General Accounting Office report that
I requested, cast doubt on the management
techniques of the past. For example, GAO found
that during fiscal year 1988, funds were trans-
ferred among 70 of 101 subprograms in FAA’s
research program.

Moreover, GAO expressed concern about
the agency’s ability to meet its goals and objec-
tives because there was no consistent criteria
on which to base these transfers. I do not think
thatitis possible to havea viablelong-rangere-
search programif the funding levels are consis-
tently changing.

Inaddition, this will make it almost impos-
sible for FAA to attract qualified scientists and
engineers to conduct aging aircraft research.
Evenso, itis no longersufficientto wait untilan
accident occurs beforebeginning anaggressive
research program in accident prevention.

Tombstone technology is not an acceptable
research policy. I believe that the American
people demand more and the improvement in
the technology will certainly lead to more break-
throughs in aging aircraft safety that will permit
better inspection and preventive maintenance.

Wehavemade great stridesduring the past
year in addressing the safety problems associ-
ated with améng aircraft. But we must not be
satisfied until there is a long-term research
program at FAA that coordinates data and fills
gaps that may occur between different, non-
federal research and development efforts.

To fulfill that goal established by the Avia-
tion Safety Research Law, Public Law 100-591,
requires a commitment by the Secretary of
Transportation and the FAA Administrator.
Now, I think we have that commitment and I
will work with them to fulfill this goal of mak-
ing travel in aging aircraft safer.

This time noxt year we should see a larger
research budget requested by the administra-
tion and approved by Congress. We should
hear research papers from FAA scientists dis-
cussing preliminary results of research proj-
ects underway at the agency.

We should see the implementation of an
agressive long-term aging aircraft research
program. That may be a little bit easier. The
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{ Transportation, Aviation Materials Subcom- to universities so that they can contract for
mittee, yesterday, passed legislation that would needed research.
allow FAA to give competitive research grants The American people are asking for this

commitment and deserve nothing less.
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I want to thank everybody for being here.
Who would have ever thought last year that
after holding an aging aircraft conference and
having 400 people attend, that we could turn
around and have 340 people attend a year later
on the same subject. I think it says a lot about
the interest that is out there worldwide. Of the
341 people in attendance, over a hundred people
registered with addresses outside the United
States. Those people represent many different
countries. I think that is a wonderful tribute to
the aviation community in getting behind a
program like this. [ know there wereside meet-
ingsin the eveningsand all of you probably feel
as I do that many times that is where the real
business is done. I think we need to continue
the dialog we have started.

I want to thank the representatives from
the Joint Airworthiness Authority who are here.
They have a big share of this program and the
FAA really appreciates their support.

Travel is international. The products are
international. There is no such thing anymore
asa U.S. airplane. It might be put together here
but it is 50 percent somebody else’s parts. That
goes for Airbus and other manufacturers as
well. We are a real international community
and I am glad to see that we have continued
with that in the aging aircraft area. I asked the
session chairmen to summarize what they
thought some of the topics of interest were that
were discussed.

Inthestructural fatiguearea, there wasalot
of discussion about proof pressure testing and
I am sure that will go on as that concept is
pursued. Some people indicated that the con-
cept was misunderstood. As we get more infor-
mationaboutit and the research is done, I think
people willsoonrealize what the objectivesare.

There was some discussion about 100 per-
cent sampling versus 100 percent inspection.

It’s clearly an issue, there is no question about
it. Does looking at one airplane tell you any-
thing about another one? It may do so in some-
one’s fleet. It may have less importance in
someone else’s.

There was some concern expressed on the
FAA'’s new policy of replacing materials in
known problem areas. That is certainly some-
thing that is revolutionary and we expected a
lot of discussion on that.

There was some concern expressed about
other problems. We talked about the 737 upper
splice and the upper rivet line on the splice but
what about the lower one?

[ think one of the elements of the aging
aircraft program is that we try to make a com-
mitment, hopefully all of us, that the program
won'’t end. Certainly 757s, Airbus 320s, MD-
11s and Fokker 100s are going to age some day.
We need to make sure that the lessons learned
in the last year, and to be learned in years to
come, are put to use predicting age time and
doing what is necessary so we don’t have
another major structural failure due to aging.
The FAA has clearly been pushing in that
area—to make sure that we uncover all the
aging problems, not just the ones that are here
today facing us.

There was a lot of discussion about adhe-
sive bonds. In the loads area, there was some
discussion about the hub and spoke concept.
Are the flight profiles that we are using in
computing the loads meaningful in this new
hub and spoke concept? That is a good question.

Is the environment that we use in our fa-
tigue analysis the right environment?

There was some discussion about unique-
ness of operations. I do not know that anyone
would argue with the fact that Part 25 doesn’t
really differentiate between types of operation.
There is a fatigue spectrum used. It is a broad
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spectrum and is probably a very conservative
one.

But there is really no way, without going
back and doing the number crunching, of say-
ing, “your operationisdifferent and, therefore,
you can have a different design life.” If that in
fact is a goal, then I see a lot of work that needs
to be done.

Iam encouraged that other people are talk-
ing about that issue. It really shows that the
basic issues behind the fatigue spectrum are
being discussed. Corrosion clearly was a much-
discussed topic. Some of the recommendations
seem to suggest we standardize on one pro-
gram throughout the industry. Whether that is
possible or not will be determined by the air-
lines.

Concern was expressed that visual inspec-
tion may not be adequate for corrosion. Hope-
fully, some of our NDI research that is being
done and some of the new techniques that are
being developed may help us in that area.

There was some concern expressed over
the fact that there was no incentive for corro-
sion control when there are short-term leases.
Clearly, it's one of the issues, one of the prob-
lems. I have attended a couple of leasing semi-
nars in which aging airplanes were discussed,
and it is of concern to the leasors to ensure that,
aftertheirairplane hasbeenleased by five orsix
different airlines over 10 years, that they have
a product at the end that has some market
valuetoit. Thatis abig concern. I see eagerness
on their part to move toward standardized
maintenance manuals, standardized corrosion
control manuals and procedures so that these
can be written into contracts.

In this country, we are moving away from
zinc chromate. That is going to present some
very significant issues and problems that have
to be dealt with. [ know the aluminum manu-
facturers are looking at new alloys to try to
make things better.

It sounds as if the panels were pretty much
on the mark as to what needs to be discussed.
InNDIand NDT there seemed to be some indi-
cation that there were a lot of techniques out
there that were doing a good job.

Training was clearly identified as one of the
issues that needs further discussion. Should

inspection procedures throughout the indus-
try be uniform? Should they not be uniform?

I was glad to hear NASA is moving in the
direction of trying to turn over some of that
new technology to the industry and to look at
how it can be used in the typical airline opera-
tions. I find that very encouraging. I also have
noticed that the airlines are themselves asking
““How can we do things better?”’ I have heard
people say they only allow visua’ inspections
the first four hours of the shift when the em-
ployees are sharp and eager; that they do not
do them two shifts in a row with the same
person. They try to vary their tasks so that
boredom and other human factors issues, can
be addressed.

In the human factors area, there was some
discussion of training and how todesignit,and
the important human factors that go into train-
ing, the sociological and the physical environ-
ment in the work area.

Some of the remote devices may allow the
inspector doing the actual inspection to do it
away from the airplane, with a robot actually
doing the inspection. Those are schemes that
show that some of the problems are being
addressed.

Even though we have gone a little over a
year since the Aloha accident, the average per-
son in this country, and worldwide, is still
concerned about aging airplanes.

I think Congressman Oberstar’'s example
of the concerned farmer in Minnesota was a
good example of that concern. I have had not
only the press and TV talk to me about aging
aircraft but I have had people who travel call
me and want to know if airplanes are safe. The
average person is clearly concerned about ag-
ing aircraft. In fact, when people find out I
work for the FAA, they ask me, “What are you
doing about aging airplanes?”

The press interest is still there. The number
of phone calls I get are down but the interest is
still there. They still want a report on it. We
technocrats have to find a way of telling the
press and the public what we are doing about
aging aircraft. Ithink we aredoingalot of good
things and they seemtoappreciate what weare
doing about it. I think the press has a big role
and I see them taking that role. [ have seen
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some articles recently about some of the good
things we are doing and some of the positive
things that have come out of the aging aircraft
program.

Ithink the industry and Congress are tak-
ingup thatrole. While wearebeing scrutinized
over our aging aircraft program, we are also
being congratulated for the things we have
done.

Thelast point I would like to leave you with
is that I see the aging aircraft program as ongo-
ing. History shows a 30-year aging aircraft
program with 10-year cycles. We had major
meetings or major events every 10 years, ap-
proximately. We need to change our approach
and say that we do not want to become compla-
cent or solve this problem and relax until we
have another problem. Our vigilance must be
constant.

The key is to get in front of the problems
and not wait for another event like Aloha to
shake us into doing something. I think fromall
of these meetings we ought to beable to get the
expertise to predict aging airplanes better than
we ever have before and we should be able to
dowhatis necessary intheinitialdesign,and in
follow on, to make sure that we do not have a
major event 10 years from now that causes us
to rethink aging airplanes.

I want to thank everybody for coming. We
havealready started tolook at whenand where
we are going to have the Third Annual Aging
Aircraft Conference.

Ifanybody in the audience has suggestions
about how to better do the agenda, and topics
that should be discussed, please let us know. I
ask that you send your comments to the Flight
Safety Foundation. We could use that in plan-
ning for next year’s conference.
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