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PROCEEDI NGS
[ Ti me not ed: 9:00 a.m]

CHAI RVAN  HALL: Pl ease be seated.

Good norning and wel cone. W wll convene
this public hearing that is being held in connection
with the investigation of the aircraft accident
involving USAir, Inc. flight 427, a Boeing 737-300,
tail nunmber N513AU, that occurred on Septenber 8th,

1994 at Aliquippa, Pennsylvania.

I am Jim Hall, Chairman of the National
Transportation Safety Board, and Chairnman of this Board
of Inquiry.

Today we are reopening our public hearing
concerning the accident that occurred on Septenber 8,
1994 at Aliquippa, Pennsylvania, involving USATr, Inc.
flight 427, which resulted in the loss of all 132 souls
on board.

The hearing is being held for the purpose of
suppl ementing the facts, conditions and circunstances

di scovered during the on-scene investigation. Thi s
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process wll assist the Safety Board in determning the
probable cause and in nmaking any recomendations to
prevent simlar accidents.

Reopening a public hearing is a rare event
for the Safety Board, but it represents the inportance
we place on finding the cause of this accident. As you
know, this is the second B-737 accident since 1991 for
which there is no readily apparent cause. Wiile there
are simlarities between the two accidents, there are
also differences.

Since Safety Board investigators arrived on
the scene of the accident in Aiquippa, this has becone
one of the nost conplex and extensive aircraft
investigations in National Transportation Safety Board
hi st ory. So far, the investigating team conprising
the Safety Board and party specialists, have expended
approximately 50,000 investigative staff hours in
direct support of the investigation.

In January we conducted four and one-half

days of public hearings in Pittsburgh, Pennsylvania,
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receiving testinony on such issues as the Boeing 737
|ateral and directional control systens design,
certification and service history; flight crew training
for recovery from unusual attitudes; managenent and FAA
oversight of USAir flight operations; nmanufacturers'
service difficulty progranms and continuing

ai rwort hiness standards and practices; and standards
for enhanced flight data recorder paraneters.

Since that time, nmany nore tests and anal yses
have been conducted on the evidence, and M. Tom
Haueter, our investigator-in-charge, wll bring us up
to date on the progress of the investigation in just a
few m nutes.

It is understandable why there is nuch public
interest in this investigation and that is why the
Safety Board conducts nuch of its work in the public
eye. W have heard nuch speculation about the cause or
causes of this accident from people not involved in the
i nvesti gati on. This also is understandabl e.

However, | saw an item in Newsweek nagazine
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sonme weeks ago that a promnent nenber of the aviation
bar said that we at the Safety Board know that the
rudder caused this accident; we were just not making it
public. Anot her |lawer was shown in the sanme article
holding up the servo valve for a rudder power control
unit, claimng to have discovered a defect in this
conponent .

These clains, quite frankly, perplex nme. |If
i ndeed sonebody has found a "golden nugget" or answer
for either one of these accidents, it is odd that he
woul d choose to neet with Newsweek and not the Safety
Boar d. Since the accident, | have nmet on several
occasions wth representatives of famly nenbers, many
of whom are in this audience this norning, who | ost
| oved ones on flight 427. There is nothing I want to
acconplish nore in ny time of service on this Board
than to find the cause of this crash.

| can only say that if we knew what caused
this accident, we would not be expending thousands of

hours a nonth on this investigation. W woul dn't have
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spent a mllion dollars last nonth on a flight test.
W want very nuch to solve this accident. W
want to know what went w ong. W certainly would not

endanger the lives of the public by not acting on our

findi ngs. W are, of course, |looking at rudder issues
very hard and they wll be examned again very closely
at this hearing. But we need proof to find and cure

real problens.

Let ne again nake it very clear to anyone who
feels he or she has information that would help us
her e. W are always ready to consider hard evidence
that will wthstand the scrutiny of trained
investigators, not wld accusations that are eagerly
bandi ed by people looking for a sound byte on
tel evi sion.

Wen | opened the hearing in Pittsburgh, |
described the purposes of hearings like this in a
manner that | think bears repeating this norning.

Public hearings such as these are exercises

in accountability. Accountability on the part of the
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Safety Board that we are conducting a thorough and fair
investigation on behalf of the American people;
accountability on the part of the FAA that it is
adequately regulating the industry; accountability on
the part of the airline that it is operating safely;
accountability on the part of the manufacturers as to
the design and performance of their products; and
accountability on the part of the working force, both
pilots and machinists, that they are performng up to
the standards of professionalism expected of them

These proceedings, as you wll find, tend to
becone highly technical affairs but they are essential
in seeking to reassure the public that everything is
being done to ensure the safety of the airline industry
in this great country.

This inquiry is not being held to determne
the rights or liability of private parties. That will
happen in other foruns. And matters dealing with such
rights or liability will be excluded from these

proceedi ngs.
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Over the course of this hearing, we wll
collect information that wll assist the Safety Board
in its examnation of safety issues arising from the
acci dent. Specifically, we wll concentrate in the
next few days on the follow ng issues:

First, the Boeing-737 Critical Design review
Fi ndings and Recomendati ons. This review, as you
remenber, was underway at the tine we had the
Pittsburgh hearing. The FAA was not in a position to
give us a final report. They will do so at this
heari ng.

Information on the Boeing-737 Directional
Control System information on the Quick Access
Recorder Data; information on the Wke Vortex Flight
Test; the Aerodynamic and Kinematic Studies; the
Hydraulic System Human Olientation and Disorientation
Studies; and Boeing-737 Flight Control Events.

At this point, | wuld like to introduce the
ot her nenbers of the Board of Inquiry.

Sitting to ny right is M. WIliam G Laynor,
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the Safety Board's Chief Technical Advisor. To ny
left, M. Ron Schleede, the Deputy Director of the
Ofice of Aviation Safety. Again, to ny right, M.
John dark, Chief of the Vehicle Performance Division.
And finally, to ny left, M. Mchael Marx, Chief of
the Material Laboratory Division.

At the table seated to ny right, the
audience's left, is the Board of Inquiry's Technical
Panel . The persons on the Technical Panel are M.
Thomas E. Haueter, the Investigator-in-Charge; M.

G egory Phillips, the Senior Systens |nvestigator; M.
Thomas Jacky, the Vehicle Performance Investigator; Dr.
Mal colm Brenner, seated at the table to the rear, our
Human Performance Investigator; M. Janmes Cash, our
Seni or Acoustics Investigator and M. Dan Canpbell, is
seated behind ne. He is the Safety Board' s GCeneral
Counsel and he is here to provide any guidance, as
required.

Also with us in the audience today is the

Vice Chairman of the National Transportation Safety
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Board, M. Bob Francis.

M. Mke Benson from the Safety Board's
Public Affairs Ofice is here to assist the news nedia
that is covering this event and any nmatters and
concerns that they may have.

In addition, M. Jame Finch, ny Special
Assi stant; General Kenneth Jordan, the Managing
Director; M. Peter Coelz, the D rector of
Congressional and Intergovernnental Relations; M.
Julie Beal, the Director of the Safety Board s Public
Affairs Ofice; and M. Shelly Hazle, ny Confidential
Assistant, are also here to assist ne.

Also, Dr. Bernie Loeb, who is the Drector of
our Ofice of Aviation Safety, is also seated to ny
rear.

And finally, from the Safety Board, | would
like to recognize Carolyn Dargan and Rhonda Underwood
who are both here assisting us in all the
adm nistrative matters.

Al these nenbers of the Safety Board are
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paid by the taxpayers, work for the general public and
are available to be responsive to you and try to answer

any gquestions or concerns you may have at any of the

br eaks.

Let ne state now that neither 1 nor any other
Safety Board personnel wll attenpt during this hearing
to analyze the testinony received nor wll any attenpt

be nade at this tinme to determne the probable cause of
this accident. Such analyses and cause determ nations
will be nmade by the full Safety Board after
consideration of all of the evidence gathered during
our investigation.

The report on the aircraft accident involving
flight 427, reflecting the Safety Board's analyses and
probabl e cause determnations, wll be considered for
adoption by the full Board at a later public neeting,
which will be held at the Safety Board' s headquarters
in Washington, D. C

The Safety Board's rules provide for the

designation of parties to a public hearing. 1In
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accordance with these rules, those persons,

gover nient al agenci es, conpanies and associations whose
participation in the hearing is deemed necessary in the
public interest and whose special know edge wll
contribute to the developnent of pertinent evidence are
designated as parties. The parties assisting the

Safety Board in this hearing have been designated in
accordance wth these rules.

As | call the name of the party, and they're
seated at the tables in front of me, | would appreciate
if the designated spokesperson will please give his or
her nane, title and affiliation for the record and
pl ease introduce the other individuals that are at the
table with you.

First, | would like to call on the Departnent
of Transportation, Federal Aviation Admnistration.

MR. DONNER: Good norning, M. Chairman. M
nane is Bud Donner and |I'm the nanager of the FAA's
Accident Investigation Division. Wth me are Victoria

Anderson from the Ofice of Accident Investigation; Tom
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McSweeny, the Director of the Aircraft Certification
Service; Mchael Zelinski, an aerospace engineer from
the FAA in Seattle; Wrner Koch, Mechanical System

Engi neer, FAA Certification Ofice, Dallas, Texas; and
M. Thomas Newconbe, an Aviation Safety Inspector from
our Seattle Aircraft Evaluation G oup.

CHAl RVAN  HALL: Thank you very nuch. W
appreciate your presence this norning.

The Ar Line Pilots Association. Capt ai n?

MR LeGROW Good norning, M. Chairman. M
nane is Captain Herb LeG ow I was the coordinator on
the USAIir 427 accident. | just recently retired from
USAir and am consulting with the Ar Line Pilots
Associ ation.

Seated with ne are Captain John Cox, who is
the central Ar Safety Chairman for USAir-Al pha;

Captain Dan Sicchio, the Chief Accident Investigator
for USAir-Al pha; M. Jim Johnson, counsel for the Ar
Line Pilots Association; Captain Robert Summalt, an

investigator on the Human Factors Goup on the 427
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accident; M. Keakini Kaulia, Engineer Staff wth our
staff in Washington.

CHAl RVAN  HALL: Thank you very nuch. W
appreciate your participation.

USAir, Inc. General ?

GENERAL ARVBTRONG Good norning, M.
Chai r man. I"'m Malcolm B. Arnstrong, USAIr Vice
President for Corporate Safety and Regulatory
Conmpl i ance. Wth nme at the table this norning are
USAir Senior Director of Flight Operations, Captain
John Murphy; the Director of Flight Safety, Captain
George Snyder; two nenbers from Donbroff and G I nore,
| aw associates, M. Mark Donbroff and M. Dane Jacques.
And our Manager of the Boeing 737-300 and -400 fleet,
Captain Jim G bbs.

CHAl RVAN  HALL: Thank you very nmuch for your
participation.

Boeing Commercial Airplane G oup?

MR.  PURVI S: Good norning, M. Chairnman. |I'm

John Purvis. 1I'm Director of Ar Safety Investigation
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for the Boeing Commercial Airplane G oup. Seated at
our table are the follow ng people: Ri ck Howes, who
has been the coordinator for this accident ever since
day one. He works for ne. Jean McGrew who is our 737
Chief Project Engineer. Dick Kullberg, who will be a
witness later on. He's a 737 Hydraulics and Flight
Controls Engineer and also a designated engineering
representative. And two counsel; Tom MLaughlin and
Bruce Canpbell.

CHAl RVAN  HALL: Thank you for your
participation.

The Monsanto Conpany?

MR.  JAKSE: Good norning, M. Chairman. M

nane is Frank Jakse. I"m Technical Service WManager for

the Ski-draw aviation hydraulic fluid. To ny left is
M. Jim Stegel.

CHAl RVAN  HALL: Wuld you please turn your
m ke on, please, and begin again.

MR.  JAKSE: Is it on now?

CHAI RVAN HALL: Yes. Thank you.
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MR, JAKSE: I'"m sorry.
My name is Frank Jakse.
CHAI RVAN  HALL.: Wll, it's on. | guess just
if you could get a little closer to the mcrophone,
pl ease.
MR.  JAKSE: How about that? Is that better?
CHAl RVAN  HALL: Can people hear in the

audi ence? It's difficult to tell here.

Yes. Pl ease go ahead.

MR.  JAKSE: Ckay. ["m sorry. "1l start
over.

My name is Frank Jakse. I'"'m Techni cal

Service Manager for the Sky-draw Aviation Hydraulic
Fl ui d. To ny left is M. Jim Siegel. He's Busi ness
Manager for Aviation Fluids. To ny right is M. John
Cowden, Legal Counsel.

CHAl RVAN  HALL: Thank you very nuch.

Parker Hannifin, |ncorporated.

MR. VEl K Good norning, M. Chairman. M

nane is Steve Wik, representing the Parker Hannifin
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Corporation, Bertea Aerospace. I'"'m an Engineering
Manager of the Customer Support Qperations.
To the right of nme is Vdta Wil z, Chief

Engi neer at the Custoner Support Operation. | have
Frank Silane, outside counsel, and Steve Vaughn, inside
counsel .

CHAl RVAN  HALL: Thank you.

And the Association of Machinists and
Aer ospace Workers?

MR, WURZEL: Good norning, M. Chairman. M
name is Jack Wirzel and I'm a nenber of District 141
Flight Safety Committee and | was also coordinator for
the Machinists Union on the flight 427 accident
i nvestigation.

Al so, nenbers of the Flight Safety Conmttee
on nmy right are M. Mke Gardner; on ny left, M. dney
Ant hony; and also, M. Terry Kleiser

Thank you.

CHAl RVAN  HALL: I want to at this tine

publicly thank all the parties for the assistance and
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cooperation they have displayed during the course of
this investigation.

On Novenber 13th, the Board of Inquiry held a
prehearing conference in Wshington, D C It was
attended by the Safety board' s Technical Panel and
representatives of the parties to the hearing. Duri ng
that conference, the areas of inquiry and the scope of
issues to be explored at this hearing were delineated
and the selection of the witnesses to testify to these
issues was finalized.

Copies of the witness list developed at the
prehearing conference are available at the press table.

There are numerous exhibits to be used in this
proceedi ng. Copies of the exhibits are also at the
press table for review

The Safety Board has provided a conplete set
of exhibits to Kinko's Copy Center, located at 7040 dd
Keene MII Road, Springfield, Virginia. Copi es of the
exhibits can be obtained on request at the individual's

own expense at Kinko's.
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The wtnesses testifying at this hearing have
been selected because of their ability to provide the
best available information on the issues of aviation
safety. The first witness will be M. Tom Haueter, the
Investigator-in-Charge of the accident investigation,
who w Il summarize certain facts about the accident and
the investigative activities that have taken place
since then.

M. Jim Cash, seated at the table with M.
Haueter, w1l then provide the findings of the acoustic
exam nation of the cockpit voice recorder tape from
flight 427.

The remaining witnesses wll be questioned
first by the Board' s Technical Panel, then by the
desi gnated spokesperson for each party to the hearing,
followed by the Board of Inquiry.

As Chairman of the Board of Inquiry, | wll
be responsible for the conduct of the hearing. I owill
make all rulings on the admssibility of evidence and

all rulings will be final.
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The record of the investigation, including
the transcript of the hearing and all exhibits entered
into the record wll becone part of the Safety Board's
public docket of this accident and wll be available
for inspection at the Board' s Wshington office.
Anyone wanting to purchase a transcript, including
parties to the investigation, should contact the Court
Reporter directly.

At this tinme, | would like to acknow edge
some other officials who are observing this hearing. |If
you would just please stand when | <call your nane and
"Il go through these very quickly.

CFM International, M. Paul Mngler. Thank
you.

The National Ar Traffic Controllers
Association, M. WIliam West.

The Transportation W rkers Union Nunber 545,
M. Juergen-Peter Schuetz.

The Association of Flight Attendants, M.

Nancy @G| mer.
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M. Derek Blackall wth the Gvil Aviation
Authority of the United Kingdom

M. Chee from Singapore Airlines.

M. Chan with the Cvil Aviation Authority of
Si ngapor e.

M. Dave King, with the AIIB of the United
Ki ngdom

And Rich Mercadonte of the Senate Aviation
Committee.

Finally, and nobst inportantly, | want to

recognize and welcone the famly nenbers of the

individuals who lost their lives in the crash of flight
427.

Wth that, we wll begin this proceeding and
I will turn it over to M. Haueter -- or M. Schleede,
since M. Haueter is our first wtness. I"m sorry.

(Wtness test inmony cont inues on the next

page. )
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THOVAS E. HAUETER, | NVESTI GATOR-I N-CHARGE AND SENI OR
ACCI DENT | NVESTI GATOR,  NATI ONAL  THERNEORIATT ON
SAFETY BOARD, WASHI NGTON, D. C.

Wher eupon,

THOVAS E. HAUETER
was called as a witness by and on behalf of the NISB,
and, after having been duly sworn, was exam ned and
testified on his oath as follows:

THE W TNESS: CGood norni ng.

MR, SCHLEEDE: M. Haueter, would you give us
your full nane and business address for our record,
pl ease?

THE W TNESS: My full nane is Thomas Edward
Hauet er . I"m Senior Accident Investigator for the
National Transportation Safety Board.

MR.  SCHLEEDE: And how |ong have you worked
for the Safety Board?

THE W TNESS: For approximately 11 vyears.

MR.  SCHLEEDE: Could you briefly describe
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your education and background that qualifies you for

your present position?

THE W TNESS: I have a commercial pilot's
i cense. Started flying in 1967. Have i nstrunent
rating. I have a degree in aeronautical and

astronautical engineering from Purdue University. |
have an MBA from George Mason University in operational
systens.

MR.  SCHLEEDE: Thank you. You may proceed
with your statenent.

THE W TNESS: Thank you.

It's a little long. "Il try to read it so |
don't miss any facts here.

On Septenber 8, 1994 at about 7:03 Eastern
Daylight Tine, USAr flight 427, a Boeing 737-300,
registration N513AU, crashed while descending to |and
at Pittsburgh International Airport, Pittsburgh,
Pennsyl vani a. The airplane was being operated as a
schedul ed passenger flight wunder instrument flight

rules from Chicago-O Hare International Airport,
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Chicago, Illinois, to the Pittsburgh International
Airport.

During the approach to landing, control of
the airplane was lost and the airplane crashed near
Ali qui ppa, Pennsyl vani a. The airplane was destroyed by
i mpact forces and fire. Al 132 persons on board the
airplane were fatally injured.

During the previous public hearing held in
January of this year, | provided a detailed description
of the events leading up to the accident and the status
of the investigation. I would now like to provide the
events that have transpired since January.

Several of the investigative groups have
conpleted their work. These areas are: structure,
power pl ants, weather, air traffic control, surviva
factors, operations, wi tnesses, flight data recorder,
cockpit voice recorder and nmaintenance records.

A partial technical review was held with the
parties to the investigation and it was agreed that the

investigation into these areas was conpleted.
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The investigative groups that are still
active are: systens, aircraft performance, acoustics
and human performance.

The weckage of flight 427 was released to
USAir on April 3, 1995. Several conponents were
retained by the Safety Board, such as the rudder power
control wunit or PCU the standby rudder actuator,
actuator rods, trim system conponents, and autopil ot
systens. The Safety Board may obtain additional parts
from the weckage if needed. In fact, electrical
connectors from the electronics bay were recently
retrieved to be examned for evidence of "blue water”
cont am nati on.

On May 3, 1995, the FAA released the findings
of its critical design review team which was tasked to
exam ne the control of the B-737 from a certification
st andpoi nt . The report wll be discussed during this
public hearing. The report augnents the Safety Board's
i nvesti gati on.

The team made 27 recommendations intended to
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enhance the safety of the B-737 and other transport
category airplanes through design, maintenance and
operational rmeans. However, the team did not identify
any specific design deficiency or failure node that
would result in an uncommanded flight control

defl ection of the magnitude necessary to explain the
427 acci dent.

During the week of Septenber 5, 1995, the
airplane performance group conducted a series of tests
that collected real world data on the effects of a B-
737 entering the wake vortices of a B-727. The tests
used a highly instrumented USAir 737 and the FAA s 727,
which had been equipped with snoke generators.

During the tests, over 160 vortex encounters
were acconplished at distances of about four, three and
two mles. Prior to the wake vortex flight tests,
simulator validation tests were perforned with the 737.

A thorough evaluation of all this data has
not yet been conmpleted by the Aircraft Perfornmance

G oup. However, based upon the initial findings of the
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flight test, it was found that further refinenent of
the 737 engineering sinulator and kinematic studies is
required.

The initial results of the wake vortex flight
tests, the simulation validation tests and the
kinematic studies wll be discussed at this hearing.

Wth the assistance of representatives from
the Ar Accident Investigation Branch in England, a
program was established to exam ne Quick Access
Recorder data from 737's operated in Europe and the
United Kingdom The data will be exanmned to deterni ne
if there are any events where the rudder exceeds the
yaw damper authority or pilot inputs or if there are
any unexplained rudder events.

The systens group conpleted a detailed
di nensional analysis of the rudder power control wunit
from flight 427. There were no discrepancies found.
Additionally, the group exam ned possible effects of a
locking up or restricting the nmotion of several hinge

points in the rudder PCU feedback loop and sinulating a
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jam of the input rod to the PCU. In all cases the wunit
behaved as antici pated. The tests found that janm ng
the input rod would not result in a runaway condition
when the yaw danper was exercised.

The systens group has identified a Boeing
737-200 series that is being renoved from service and
provided to a museum The systens group plans to use
this airplane to conduct several tests of the conplete
rudder system These tests wll include back-driving
the rudder power control wunit, cable cuts, dynamc
inputs and inpulse loads to the rudder system

Sone of these tests could result in
structural danage to an airplane. Therefore, it is
fortuitous that a B-737 becane available that is going
out of service.

Data are continuing to be collected and
analyzed on all reported unusual events regarding the
Boei ng 737 series. These events w Il be discussed at
this hearing.

The Human Performance group is examning all
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possible pilot reactions to unexpected events, such as

severe roll, and wunusual attitude recovery procedures.
There is considerable anecdotal information on these
issues but little factual or statistical information.

The group used NASA' s vertical notion
simulator to develop a better understanding of the
forces experienced by the pilots of flight 427 at the
onset of the upset. During the hearing, we'll take
testinony from a NASA expert on spatial orientation and
di sorientation.

During the previously nentioned sinmulation
validation and wake vortex flight tests, recordings
were made of the cockpit sounds. These have been
useful for conparing to the cockpit voice recorder
sounds from flight 427. In a nonent, M. Jim Cash wll
provide a presentation on the findings of the acoustics
gr oup.

Additionally, the group has exam ned cockpit
voi ce recorder sounds from United 585, Colorado

Springs, Colorado and from several other cockpit voice
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recorders from other 737 s.

I wsh to report that all of the 19
investigative tasks identified during the January 1995
public hearing, all have been conpleted and many of
those issues wll be discussed at this hearing.

Additionally, on February 22, 1995, the
Safety Board issued reconmendations to the FAA to
enhance the nunber to paraneters recorded on Boeing
737's and other transport category airplanes. The FAA
and industry actions on this issue wll be discussed at
this hearing.

Areas that are no longer being pursued in the
investigation are: crimnal intent; engine reverser
depl oynent; slat/flap extension; spoiler extension;
cargo door, service door or other entry door opening in
flight; cargo shifting; electromagnetic interference,
engine nount/pylon failure; floor beam failure; and
bird strikes. Qbvi ously, based on information, we
could reopen any of these areas.

A key part of the investigation is that the
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flight data recorder provides that there was a heading
change or yawing of the airplane which preceded the
upset. This would indicate a novenent of the rudder or
the introduction of an unknown yaw ng force. The
investigation continues in the following issues to
determne the source of that yaw, such as: a pull,
break or jam of the rudder cable; wake
turbul ence/vortices; pilot inputs; hydraulic fluid
contam nation; yaw danper failure; dual hydraulic
failure; standby rudder actuator; rudder power control
unit and servo valve; structural failure; and
electrical short «circuits.

M. Chairman, this conpletes ny statenent.
M. Jim Cash can present the findings of the acoustic
exam nati on.

(Wtness excused.)

CHAIRVAN HALL: M. Cash, if you' d please

cone forward.

(Wtness test inmony cont inues on the next

page. )
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JAMES R CASH, SENIOR ACOUSTICS | NVESTI GATOR,  NATI ONAL
TRANSPORTATI ON  SAFETY BOARD, WASHI NGTQN, D.C.

Wher eupon,

JAMES R CASH,
was called as a witness by and on behalf of the NISB,
and, after having been duly sworn, was exam ned and
testified on his oath as follows:

MR, SCHLEEDE: M. Cash, would you give us
your full nanme and business address, please?

THE W TNESS: My nane is Janes Robert Cash,
the National Transportation Safety Board, Washington,
D. C

MR. SCHLEEDE: And what is your position at
t he Board?

THE W TNESS: My job is Senior Cockpit Voice
Recorder  Speciali st.

MR. SCHLEEDE: And how |ong have you worked
at the Safety Board?

THE W TNESS: Approximately 13 years.
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MR.  SCHLEEDE: Wuld you give us a brief
description of your education and experience that
brings you to your present position?

THE W TNESS: I have a BS degree from
Syracuse University in electrical engineering and | was
an Air Force pilot, flying F-4"s for approximtely
ei ght vyears.

MR.  SCHLEEDE: Thank you. You can proceed.

THE W TNESS: CGood norning, |adies and
gent | enmen. I would like to start ny presentation this
norning by briefly describing how a cockpit voice
recorder works and how sounds get to the mcrophones to
be recorded on a voice recorder.

The cockpit voice recorder receives its
electrical power from the aircraft, so any tine there
is power in the aircraft the voice recorder is running.
The unit is an endless |oop recorder, constantly
erasing the older information, recording the newer
i nformati on.

Wen electrical power is renoved from the
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unit or after the airplane crashes, the recorder
contains information from this point back, wusually 30
m nut es.

The recorder consists of four channels of
audio information. One of the channels contains the
audio information from the captain's audio selector
panel . This channel records the sanme information, the
sanme sounds that the captain was listening to on his
headset .

Anot her channel is for the co-pilot's
i nf ormati on. Again, it's identical --

CHAl RVAN  HALL: Are we going to dim the
lights slightly? Can you see the screen in the rear?

(Pause.)

Just wait one nonent. | thinkl see soneone
from the hotel

M. Benson, you may see if we can get soneone
to help us with the lighting when we have these, or
train soneone.

(Pause.)

CAPITAL HILL REPORTING |INC
(202) 466- 9500



10
11
12
13
14
15
16
17
18
19
20

1452

Wiy don't you continue, M. Cash, and we'll
hope that they'll dim the lights here in a nonent.

THE W TNESS: Ckay. Again, the first channel

of the audio information is from the captain. The
second channel is from the co-pilot. The third
channel, which is, on a three-crew nenber airplane, is

normal ly connected to the third crew nenber's audio
sel ector panel. In these two-crew nenber airplanes
simlar to the Boeing 737, it's wusually wired to the
observer or junpseat audio selector panel.

The fourth CVR channel contains audio
information from the cockpit area mcrophone. Thi s
open mcrophone is wusually mounted in the overhead
i nstrunent panel between the crew nenbers and is our
primary mcrophone for picking up all the cockpit
sounds or noi ses.

On this aircraft the two crew nmenbers were
wearing individual headset m crophones. These are
hired hot to the CVR recorder. This hot term neans

t hat whenever sounds were picked up by the crew
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headsets, m crophones were recorded directly on the
i ndividual audio tracks of the CVR

In addition to the normal area mcrophone and
the two crew nenber m crophones which were both hot,
the mcrophone selector switch on the junpseat audio
sel ector panel was inadvertently left in the oxygen
mask position. This enabled the mcrophone in the
oxygen nmask to be hot, simlar to the captain's and co-
pilot's headset microphones. So for this investigation
we actually had a total of four mcrophones that were
picking up the audio information and recording it on
the CVR

CHAI RVAN HALL: M. Cash, this is mnor, but
the CVR is all you have nentioned. It's a cockpit
voice recorder; right?

THE W TNESS: Yes, sir.

CHAI RVAN  HALL: And would you mnd telling
everybody in the audience just a little -- what it
| ooks like and where it's |ocated?

THE W TNESS: The cockpit voice recorder is a
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crash protected unit which is wusually -- in this
airplane it is actually nounted in the aft cargo
conpartnent. It's designed to, again, record 30 mnutes
of audio information, in addition to the flight data
recorder, which is another recorder that |o0oks very
simlar to it.

Just quickly to go over where the mcrophones
are. The captain obviously is in the captain's seat;
the co-pilot; the open area mcrophone is in the
overhead panel between the two crew nenbers. In this
case, the junpseat mcrophone, which was the oxygen
mask, is stored in a little plastic enclosure that's in
the entranceway of the cockpit door, |ooking down on
it. So it's in a little plastic enclosure just to the
right as you cone in the cockpit.

The sound information arrives at various
m crophones via several nmethods. The first and nost
predom nant nethod is by airborne sound waves in which
the sound energy is transmtted via the air to the

m crophones in the cockpit. This is the main
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transm ssion node for the sounds recorded on the CVR

The second node of the sound transmission is
structure borne sounds. These are sounds transmtted
up through the netal structure of the aircraft. These
sounds nornally are very low frequency as conpared to
the airborne sounds. The cockpit area mcrophone, and
to a lesser extent the junpseat m crophone/oxygen nmask,
are really the only two mcrophones capable of picking
up structure borne sounds.

The sounds recorded on the CVR may be
conposed of either of these two sounds or maybe a
conbi nation of the two sounds. One characteristics of
the structure borne sound is that they nornmally travel
through the nmetal eight to nine tines faster than they
do through the air.

By knowing the speed that sound travels
through the air, approximately a foot every 100th of a
second, and by neasuring the tinme differences between
the arrival of the structure sound and the arrival of

the air sound, we are able to calculate the approximte
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distance -- and the direction if we have multiple
m crophones -- that the source of the sound was from
the m crophone. Later in ny presentation | have a

slide that depicts this event.

This slide shows the sounds that we found on
the various channels of the cockpit voice recorder from
the accident aircraft. The slide starts just prior to
the initial wupset and continues for approximtely 10
seconds. From this slide you can see a picture of the

various audio sounds that were found on the i ndividual

channel s.

The top trace is a picture of the information
found on the captain's channel. The second trace is
the one on the co-pilot's channel. The third trace is

the open area mcrophone and the fourth channel is the
m ke in the oxygen mask in the junpseat/observer's
channel .

Because of the nature of the area m crophone,
the same speech found on the crew channels, if he says

it loud enough, wll appear on the area mcrophone and,
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if it's reasonably loud, it wll even appear on the
junpseat mcrophone of the CVR

Just so you have sone idea of what this nmeans
her e. Again, this is the captain's channel, the co-
pilot's channel, the area mcrophone and the junpseat
m crophone. The co-pilot initially says, "I see the
jetstream " which is what the wave form |looks like for
the text here. At the sane tine, the captain -- this
is when he says, "CGeez. " And then a breath, which is
characterized as a breath in and out on the CVR
transcript. This is, "Woa," and then "hang on, hang
on."

The sanme information is actually down here on
the area m crophone channel. It's a little nore
difficult to see, but really, if you look for a one to
one correspondence, you do see that.

On the area mcrophone channel we have what
are characterized on the CVR transcript as three
thunps, and that's these little guys right here.

Again, they're on the -- it's probably too little for
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nost people to see, but they are down here on the
j unpseat channel al so. The sane thunps appear here,
here and here on the junpseat channel. There's a
| ouder thunmp here which is pretty predomnant on the
j unpseat channel, too.

This is the kind of information that we have
to work with.

This next slide is the cockpit area

m crophone channel at approximately the sane tinme slice

as the preceding slide. Instead of showing the sinple
wave form |I'm showing the sane information in the
frequency domain. This type of plot is comonly called
a spectrogram or voice plot -- voice print format.

Wen you |ook at the frequency plot, several

different additional pieces of information becone

apparent. The constant frequency trace shown in the
red, which is -- can you nove that up a little higher?
It's hard to see but it's this constant [|ine here.

The frequency is increasing this way and tinme

is going this way.
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AUDI ENCE: Your microphone, please.

THE W TNESS: I'"'m sorry. The frequency is
increasing in this direction and time is increasing in
this direction. So low frequencies would be down in
the bottom of the chart; high frequencies are up here.

A constant frequency, which is what this line
represents, is a steady line. This represents the
sound the engine was neking. Again, the voice. Thi s
is "I see the jet stream"” is right here. The three
thunps are right there, there and there. It's
difficult to see. The |ouder thunp is right here. But
the thing I want you to see is the engine trace on
t here.

This constant frequency trace shown in red is
the sound signature mnmade by the aircraft engines. The
sound is produced by the rotation of the first stage of
the fan in the engine, very simlar to the noise that a
household fan would nmake. The frequency of the sound
is dependent on how fast the fan is turning in the air.

It is not apparent from this slide but if |
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were to increase the scale, two separate traces can be
observed. These two traces are due to the fact that
the two engines were operated at a few tenths of a
speed different from each other.

You can see from this plot that the engine
sounds change intensity. The change is depicted by the
changes in the redness of the line just after the
initial upset. W identified this abnormality early in
the investigation but had no explanation as to why the
engi ne sounds got |ouder just after the event.

If you renmenber this here, 1'Il cone back to
it in a few mnutes.

Several other events are depicted on the
frequency slide. Just after the first officer finishes
saying "jet stream"™ you can see what | described as
the thunmps recorded on the CVR These thunps are found
both on the area microphone and the junpseat channels
of the CVR The sounds are very low frequency and of
relatively low intensity as conpared to the other

events on the CVR
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Sever other events are depicted on the
frequency plot. There are additional thunp sounds very
simlar in characteristic to the first series and the
voice prints of the crew nenbers' speech are also
shown.

To further investigate the thunps found on
the accident CVR we conducted several tests on
identically configured Boeing 737 aircraft. One test
was conducted on the ground. On this test we struck
various places on the aircraft with a rubber mall et
while recording the sounds. The resulting data allowed
us to validate our assunptions as to how the various
sounds reached the CVR m crophone.

In this slide you can see the various wave
forms. The top one, again, is the area mcrophone and
the second one is the junpseat m crophone. The sound
was made by striking the aircraft structure with the
rubber mallet in the forward cargo conpartnent. In this
data we were able to see both the arrival of the

structure sound, which I'Il show you here in a second,
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foll owed several hundredths of a second later by the
arrival of the air sound.

These tests also gave us sone indication of
the frequency makeup of the sound. Again, you have to
know what you're looking for, | guess. The ori gi nal
sound starts here. The structure sound arrives here.
The air sound arrives here. Sane thing on the junpseat
m crophone, which is a little nore pronounced. The
structure sound arrives here and the air sound hits it
when it conmes right here.

Also you'll notice the tine difference. |If
you go straight up on the line, the structure sound

actually arrives at the junpseat mcrophone first,

which neans that it was comng -- since that's nore to
the rear of the aircraft, it's actually hitting that
one first and then hitting the area m crophone. SO you

can kind of get an idea of which direction it's comng
from
As a result of the tests, we were able to

verify both the direction the sounds came from as well
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as the approximate distance the source was from the
m crophone. By using the sanme technique, we were able
to determne the approximate distance and the direction
that the thunps on the accident CVR are coming from

As you can see on this slide, the arrival
time of the various wave fornms in the accident
recording are not quite as easy to identify as the
ground test recording. The thunp sounds on the accident
recording are not very loud, and with the addition of
the normal background noise of an aircraft in flight,
the onset of the thunp sounds tended to be nasked.

To aid us in determning when the thunp
sounds started, we used a signal processing function
that calculates the total sound energy contained in the
si gnal . Wth this plot it becones easier to determne
when the two conponents of the sound arrives at the
m crophone.

Again, this is the cockpit area m crophone,
the junpseat m crophone. This plot goes with this guy

and the bottom on goes with the junpseat m crophone.
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The reason | put this up here, it's very difficult to
tell when one wave starts and when the next wave
starts. One is actually here and the other one, |
think, is actually here. Wth the energy plot it's
relatively easy to tell that one starts here and the
next guy starts right here. That was the reason |
wanted to show this.

Again, there is a tine delay between the two
m crophones, nmeaning sound is comng up from the rear
of the aircraft, hitting he junpseat mcrophone first
and then the area m crophone.

W calculated the source of the thunp sounds
to be approximately 20 feet towards the rear of the
aircraft from the area mcrophone. This places the
sound source approximately in the vicinity of first
class rows 1 and 2 of the airplane. The frequency
conposition of these thunp sounds on the accident

airplane were very simlar to the ground test rubber

mal l et strikes. This is not totally unexpected because

the frequency conposition of the recorded sounds have
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nore to do with the sound transm ssion characteristics
of the aircraft, the netal skin of the aircraft, than
they do with the initiating event.

Even though these tests did tell us sone
properties of the sounds, they didn't really help us
determne what the source of the thunps on the accident
CVR were.

In the Fall of this year we conducted a
controlled flight denonstration that involves flying a
simlar Boeing 737 aircraft in the wave turbulence of
the Boeing 727 aircraft. This test was conducted to
determne the characteristics and severity of the wake
at various distances behind the 727 airplane. There' Il
be nore testinony in this hearing explaining the exact
details of the test, so I won't take the time now But
during the test denpbnstration, cockpit sounds were
recorded when the aircraft encountered the wake. |
have a short videotape that has what the wake | ooked
i ke and sounds. It kind of goes fast but you can hear

the thunps when it goes through the wake.
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(Whereupon, a videotape presentation was
shown. )
THE W TNESS: Sonetines when the airplane

would go through the wake we wouldn't get a sound and

sonetines you would get a sound. It was kind of random
in nature.

If you listen, in the background you can hear
the engines noving around. That's that steady line
trace that | was referring to. You can hear the
engi nes. In two seconds here there's a |ouder one
comng up which I do a lot of work on.

Agai n, sonetimes through the wake you didn't
get any noise at all.

This is the cockpit view which is the pilot's
eye view, looking straight out the front of the cockpit
into the wake.

| have another view which is the tail view of

the aircraft. The canmera was nounted high on the
vertical tail. This gives you sone idea of what the --
this is not the sane test but earlier that day. G ves
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you sonme idea of what the wake |ooks like from kind of
a back view

Again, there's going to be nore video shown
in the following testinony on the wake.

CHAl RVAN  HALL: Jim even though it wll be
described later, | think it's inportant to point out
here that the visual scene we're seeing is not the sane
scene that the flight crew of 427 would have seen out
their w ndow. The wake is accented by snoke generators
comng off the preceding plane; right?

THE W TNESS: Also, the sound that we used is
from the flight test, not from the voice recorder from
the accident airplane.

The pilots initially reported on the first
day that some of the wake encounters did nake a
distinct sound in the cockpit. The sounds they heard,
t hough, are not reported as being identical to the
recording to the sounds on the accident recorder. When
we reviewed their cockpit voice recorder after the

flight, the wake encounters did sound identical to the
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ones found in the accident aircraft. Again, this is
due to the structure sounds being added to the air
sounds that the crew was hearing because they're only
hearing the air sounds.

On the wake turbulence tests, we were again
able to calculate the approxinmate distance and
direction that the wake encountered thunps. Most  of
these thunps docunented to date originate at 20 to 26
feet back from the area m crophone. Again, the
frequency conposition of the wake was very simlar to
the thunp sounds heard on the accident aircraft.

The overall consensus by the spectrum
commttee was that the source of the thunps on the
accident CVR was nost probably an encounter wth wake
turbul ence of a preceding 727 aircraft.

As | nentioned before, an unexpl ained

increase in the anplitude of the noise of the engines

were heard on the accident aircraft. Again, that's
that red line that changes intensity here and again in
her e. It actually gets |ouder here. Conmes from al nost
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nothing and gets pretty loud and then fades away and
gets | ouder.

During a review of the audio data accunul ated
during the six days of the wake turbulence testing, we
noticed a simlar change in the anplitude of the engine
sounds during sone of the test maneuvers. One of the
test maneuvers was unrelated to the 727 wake turbul ence
but was conducted to validate some of the flight
characteristics of the Boeing 737 aircraft.

Again, the specifics of these naneuvers wll
be subject to much discussion in the follow ng days.

One of these naneuvers was called the steady heading
side slip test. This controlled test was acconplished
by slowy inputting the rudder while opposing the
resulting yaw with opposite aileron to maintain a
constant heading and level flight. These tests were
all conducted at simlar altitudes, speeds and
configurations as the accident aircraft.

During these tests, wusing both left and right

rudder input, the engine sounds were noted as getting
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| ouder when a rudder input from between 7 and 14
degrees was nmade. This level of increase was very
simlar to the increase noted on the accident aircraft.

On this plot | have plotted the actual
intensity of the engine sounds. | extracted the engine
noise from the spectrum plots and plotted the increase
of engi ne. The top one that you see is from the wake
turbulence test with the left rudder input. The mddle
one is the right rudder input and the bottom one is the
427 accident.

As you can see the intensity increase wth
the rudder input, a little nore on the right and |eft.
And the accident airplane increased intensity, |eveled
off, decreased and then increased again.

The exact reason why the engine sounds
increased is not really wunderstood. The spectrum group
did conclude that the sound signatures on the accident
aircraft matched the engine sound signatures identified
on the test airplane, the wake turbul ence test

airplane, with a rudder input of between 7 and 14
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degr ees.

This concludes ny presentation. W have nade
sone headway in finding out the origin of several of
t he unknown events on the CVR Qur work is still not
done. W have further tests schedule in conjunction
with the other investigative groups to try to identify
all of the wunknown sounds on the accident recorder.

CHAl RVAN  HALL: Thank you, M. Cash.

(Wtness excused.)

CHAI RVAN HALL: M. Haueter, have all the
exhibits been entered into the record?

MR. HAUETER: Yes, they have.

CHAI RVAN  HALL: If so, then we wll <call our
first witness, M. Anne Evans. M. Evans is a Senior
I nspector of Air Accidents (Engineering) for the Ar
Accident Investigation Branch in Farnborough, England.

M. Schleede will swear the wtness in.

(Wtness testinony continues on the next

page. )
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MS. ANNE EVANS, SENIOR [INSPECTOR OF AR ACC DENTS
(ENG NEERING AR ACCI DENT | NVESTI GATI ON BRANCH
FARNBOROUGH,  ENGLAND

Wher eupon,

ANNE EVANS,
was called as a witness by and on behalf of the NISB,
and, after having been duly sworn, was exam ned and

testified on her oath as foll ows:

MR. SCHLEEDE: Ms. Evans, please give us your

full name and business address?
THE W TNESS: M/ nane is Anne Evans and |
work at the Air Accident Investigation Branch,

Departnent of Transport, DRA, Farnborough.

CHAl RMAN HALL: M. Evans, it's difficult to

hear in this room I hope it's not as difficult in the

audience as it is up here. But if you could please
speak as closely to the mcrophone as you could, we
woul d appreciate it.

THE W TNESS: Ckay.
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MR.  SCHLEEDE: And again, what is your
position at the AAIB?

THE W TNESS: I"'m a senior investigator of
air accidents, specializing in flight data recorders
and cockpit voice recorders.

MR.  SCHLEEDE: And how |ong have you worked
at AAl B?

THE W TNESS: I'"ve been there for eight
years. And prior to that, | was at the CAA
responsible for their participation in QAR studies.

MR. SCHLEEDE: Thank you.

M. Jacky wll proceed.

MR JACKY: Thank you

Good norning, M. Evans.

THE W TNESS: Good norni ng

MR JACKY: The topic | wish to discuss wth
you this norning is regarding a Boeing 737 quick access
recorder or QAR data search that the NTSB has
contracted with an European airline. If you could

please refer to Exhibit 13X-E, please.
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THE W TNESS: Yes. | have it here

MR JACKY: I mght explain, before | ask any
questions, that as part of the agreement that the NISB
has entered with this airline, is that we wll not use
the nane of the airline and have it renain anonynous.

Before we discuss the data search program
could you, please --

CHAI RVAN HALL: M. Jacky, before we begin
into this, would you mnd -- sonebody, explain to the
audi ence what a quick access recorder is very quickly
so everybody knows what Ms. Evans is going to be
speaki ng to?

MR JACKY: That was ny first question to Ms.
Evans.

CHAl RVAN  HALL: Fi ne. Yes.

THE W TNESS: Ckay. A quick access recorder
is a recorder, an additional data recorder, fitted for
mai nt enance and nonitoring purposes. It's function is
basically simlar to a flight data recorder, except the

recording nedium is generally a cassette of magnetic
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tape or it can be an optical drive. And this is easily
renovable from the recorder itself post-flight.

It records the sanme information as the
mandat ed accident recorder and in a lot of cases, a lot
nore data, additional paraneters and high sanpling
rates as also included. The data is recorded via the
same acquisition unit as it used for the accident
recorder.

MR JACKY: In terns of this airline and the
data search, does the airline record the sane anount of
paraneters on the flight data recorder as on the quick
access recorder?

THE WTNESS: No. There are nany, nmany nore
paraneters recorded on the QAR In this case in
particular, what was of interest to us is the fact we
have rudder pedal and rudder panel position.

MR JACKY: How does the purpose of the quick
access recorder differ from the flight data recorder in
terns of accident investigation?

THE W TNESS: The QAR is not designed for
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acci dent investigation. The cassette is not crash
protected and it's not designed to survive an accident.
The airline fits a QAR because they have an interests

in actually wutilizing the data for nonitoring purposes.
And that can be engine health nonitoring or, as a case
in study we do, operational nonitoring.

MR JACKY: In terns of the airline and the
program that they have with the quick access recorder
and searching for the data, could you explain how that
works very briefly?

THE W TNESS: They have a conputer program
which has a nunber of predefined special events, as
they're call ed. And these are a whole variety of
events of interest, such as how it approaches hard
| andi ngs, excess bank. And each cassette is analyzed
for this set of special events.

MR JACKY: And how does the airline
acconplish that?

THE W TNESS: The cassettes are renoved on a

daily basis from each aircraft and processed through a
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very large conputing departnent.

MR, JACKY: And is that done automatically on
every airplane?

THE W TNESS: Yes. Every airpl ane.

MR JACKY: And all throughout this airline's
fleet?

THE W TNESS: Yes.

MR.  JAKSE: How does the program actually
search through and determne and find operational
event s?

THE W TNESS: As | spoke, there are a nunber
of pre-defined events. Say for exanmple in the case of
a hard landing event, there's a pre-set threshold and
if the paraneter exceeds that threshold, that event is
then flagged by the conputer program and that produces
an output. If there are no events in flight, the
cassette is just processed through and recycl ed.

MR, JACKY: Does the airline use flight data
recorder information for the search also?

THE W TNESS: Not normally. They woul dn't
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replay the data recorder. It's a totally autonmatic
process using the cassettes alone.

MR JACKY: Thank you

W in the airline determnes what events are
to be |ooked at?

THE W TNESS: This program has been built up
over a nunber of years. Initially it was part
sponsored by the UK CAA and there were a nunber of
areas of interest to the CAA and also the Air Safety
Branch within the airline has interest. But it's
really determined by the fleet, the fleet managers of
the airline itself.

MR JACKY: And is the program ongoing? Does
the airline have the ability to add additional events
into there as need be?

THE W TNESS: Yes, indeed. Events can be
added very quickly and there's also sone onboard
processing with the nost recent aircraft.

MR, JACKY: So that if the airline noticed

that certainly sonme sort of event was happening over
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and over they could add a program to |ook for that
specific event?

THE W TNESS: Yes, they can.

MR JACKY: Are you aware of any sort of
prograns |like this that are running in the US. ?

THE W TNESS: I'"'m not aware of any, no.

MR JACKY: Has the AAIB ever used the quick
access recorder data search in support of any of their
i nvestigati ons?

THE W TNESS: W did use a simlar sort of
study in an incident investigation on an 747 aircraft
where we |ooked for elevator splits. And that was done
by the QAR with onboard processing.

MR JACKY: And during an investigation by
the AAIB, would you be nore apt to read QAR information
or the FDR information?

THE W TNESS: I think in the case of an
incident where the QAR was undamaged, our first course
would be to replay the QAR because it records nuch nore

information than the FDR Once we've satisfied
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ourselves that that data is valid, we wouldn't then
need to replay the FDR And it also gives us nuch nore
information on previous flights, for exanple. W have
a nunber of cassettes which we are able to use for that
aircraft and indeed the whole fleet.

MR JACKY: So you have a historical record
of that airplane?

THE W TNESS: I'm sorry?

MR JACKY: Wuld you have a historical
record of that airplane then?

THE W TNESS: The airline would. Yes.

MR JACKY: As far as the program that the
NTSB has entered with the QAR data search, could you
pl ease explain how you becane involved with the
progranf

THE W TNESS: Yes. The NTSB heard of our
work on another event that | nentioned, the 747, and
approached us to set up the study and act as a liaison
with a nunber of airlines and investigate what was

possi bl e.
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MR, JACKY: And how nany airlines did you
contact?

THE W TNESS: W contacted three airlines
two of which were readily able to help us because of
their conputer systens.

MR, JACKY: And where were these airlines
| ocat ed?

THE W TNESS: Wthin Europe

MR, JACKY: Could you explain, please what
are the objectives of the progranf

THE W TNESS: Yes. As the program stands, we
want to nonitor rudder operation and yaw danper
operation and we're doing that by histogranms which |og
the anmobunt of time spent at various rudder positions.
And we're also deriving yaw danper activity by using
rudder pedal and rudder position to conpare the two and
therefore derive the yaw danper activity.

So we're doing a statistical analysis of what
is actually happening to the rudder and the yaw danper

novemrent and we're also looking for events which are
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di sagreenents between the rudder pedal and the rudder
panel position as we have defined, and also |ooking for
| ateral acceleration events above a certain |evel which
could be indicative of a yaw

MR, JACKY: Before we dig deeper into the
data and the initial data that we've received from the
program could you explain which airplanes the program
is looking at?

THE W TNESS: At the nmonent it's |ooking at
737-400 aircraft.

MR, JACKY: And how nmany airplanes are
i nvol ved?

THE W TNESS: Twenty-five aircraft.

MR, JACKY: Has the data sanpling rate of any
of the paraneters been changed for the progran?

THE W TNESS: Yes, i ndeed. W increased the
sanpling rate on both rudder pedal and rudder to twce
a second and we also added the yaw danper discrete for
on/ of f.

MR, JACKY: Is it easy for the airline to
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acconplish those changes?

THE W TNESS: Yes, it is. It's a software
change on the acquisition unit.

MR JACKY: If I could ask you to refer to
page nunber 9 on the Exhibit 13X-E and if | could have
the overhead slide, also, please?

THE W TNESS: Yes. I have it.

MR JACKY: Before we get into this chart,
could you please explain exactly, as far as what a
histogram is and what does that acconplish?

THE W TNESS: A histogram is a way of
presenting statistically data. And what we're | ooking
at here is a variety of rudder positions from mnus 5-
1/2 degrees to 5 degrees, and dividing time intervals
and logging how long is spent at each rudder position.

MR JACKY: Ckay. And where on that chart
would that be described? Maybe you can just walk us
through that chart, please.

THE W TNESS: Ckay. Rudder position is shown

here and the data was divided into various flight
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phases: takeoff and clinb; clinb, cruise and descent;
and approach and | anding. W show here tine in each
phase. You'll see nost of the tinme has been spent
obviously in the clinb, cruise and descent phase.

Down here are the various rudder position
lots and in each colum we show the nunber of seconds
spent in each of those rudder positions. So, for
exanple, from around about the zero here, from mnus a
half degree to half a degree, you can see nost of the
time is spent.

MR JACKY: So that chart would give you an
idea of where the rudder is during each phase of
flight?

THE W TNESS: That's right.

MR, JACKY: And on the phase of flight, what
altitude is being the cutoff point for a determnation
between the different flight phases?

THE W TNESS: 5,000 feet. So, takeoff to
5,000 feet would be the first phase and above 5, 000

feet would be the clinb, cruise and descent phase.
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MR JACKY: Ckay. Thank you.

If then we could nove on to in that sane
exhi bit, page nunber 16, please.

THE W TNESS: Yes. | have that here

MR JACKY: And if you could, again, walk us
through the chart.

Before you do that, please explain what is
nmeant by yaw activity and how that is derived.

THE W TNESS: Ckay. The yaw activity is
derived by a conparison of the rudder panel position
and the rudder pedal position. W derived rudder panel
position from rudder pedal, conpared that wth the
actual panel position and the difference is the
cal culated yaw activity.

On the 737-400, we have a three degree yaw
danper authority and so here the yaw danper activity is
divided between minus three degrees and plus three
degr ees. Again, the data is divided into three flight
phases and tinme is logged in seconds in each of these

positions.
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MR, JACKY: So then in theory, would the
results of the yaw activity always -- or what would you
expect the results of the yaw activity to be? Wthin
what limts?

THE W TNESS: What you'd expect to see is
that nost of the time is spent again around zero. In
other words, the yaw danmper is not actually applying
any rudder. W see as we get to the limts of the
authority, around about mnus three/plus three degrees,
there's very little time spent at that position.

MR, JACKY: So what values would you expect
the yaw activity to be that would cause you concern?

THE W TNESS: VW' ve set the event where an
event to flagged to beyond two degrees, which is wthin
the yaw limt, but it gives us sone data to |ook at.

So we have a few events where the yaw activity is

greater than two degrees in turbulent conditions. And

we haven't found anything beyond the three degree limt
or significantly beyond the three degree limt.
MR, JACKY: In addition to the histograns
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that we've talked about, there are additional specific
events that the program enconpasses. Wuld you explain
what those are, please?

THE W TNESS: Yes. As | nentioned, if your

activity is beyond -- we've set the limt at two
degr ees. W actually get an event output from the
conputer program It cones out automatically. And

that gives us a trace which we can actually look at and
determne what's happening to the aircraft.

W set the event limts at two degrees so we
can have sone information to |ook at. W have detected
a nunber of events, obviously, when the yaw danper is
working beyond the two degree, but we haven't found any
events that are beyond 3.2 degrees, which is wthin the
resolution and accuracy of the data we have.

MR, JACKY: And for the anmounts or the
di sagreenents that have been flagged so far in the
program what has been the largest difference?

THE W TNESS: The largest one has been 3.2

degrees in a fairly turbulent approach. And as | said,
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3.2 degrees is within the tolerance of the calculations
and the calibration of the aircraft.

MR, JACKY: Are there any other events that
the program is searching for?

THE W TNESS: Yes. W also have a lateral
accel eration event. So if the conputer detects a
| ateral acceleration beyond .1 degree, an event is
automatically output. W have detected one of these
events, which again was in a turbul ence approach.

MR, JACKY: And for this event, was there any
sort of large heading change in the data?

THE WTNESS: No, no. It was just a
turbul ent approach.

MR JACKY: The information that's shown in
the histograns here -- or how do you get that
information and how is that translated back to the
NTSB?

THE W TNESS: As each cassette is replayed,
the program analyzes the data for tine spent in each

rudder or yaw danper activity position. That data is
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then logged in a database within the conputer and we're
able to interrogate that periodically and get an

updat e. And at the nonent, we've been transferring
that finally to the NTSB.

MR JACKY: And how often are these transfers
made?

THE WTNESS At the nonent, we're still in
the early stage and we've been -- we've had | think two
transfers of data over the last few weeks.

MR, JACKY: And when did the program start?

THE W TNESS: It started in md-Cctober. W
had sonme problenms with the software getting on line, so
we've been running live for about two weeks now.

MR, JACKY: And how long do you expect the
program to |ast?

THE W TNESS: W can |leave the data running
or leave the events running for as long as necessary.
W would expect to run the program for about six nonths
before producing a final report.

MR, JACKY: Has the airline expressed any
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interest in the progranf

THE W TNESS: They're very interested and |
think would be keen to keep the events in once the NISB
interest is finished.

MR JACKY: Cetting back to the actual
information that is recorded on the QAR s, what sort of
surface positions and cockpit control positions are
recorded on these?

THE W TNESS: Yes. The rudder panel position
and the rudder pedal position are recorded.

MR, JACKY: And how about the other controls
within the cockpit?

THE W TNESS: Yes, indeed. Both the pilot
input position for the control columm and control wheel
and the ailerons and elevators are recorded.

MR JACKY: Does the regulatory agency that
controls this airline, do they require those paraneters
to be recorded?

THE W TNESS: It's very dependent on the age

of the aircraft. For these particular aircraft, it is
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not a requirenent to record both pilot input and
surface position.

MR JACKY: So why would the airline go ahead
and record that information?

THE W TNESS: They have an interest,
obviously, in the data they're recording. It's useful
for them So they're keen to fit extra paraneters
because they actually find that wuseful in their own
i nvestigati ons.

MR JACKY: Are there any additional events
that will be looked for in this program search?

THE W TNESS: Yes. At the nonent, we're
| ooking to increase the program to look for control
wheel position and do the sanme statistical study and
hi stogram using control wheel position and also |ook
for cases of excess rudder.

As you've seen from the histograns, wusually
rudder position is around about zero, so we're going to
| ook for cases where there is an excess anount of

rudder being used, which obviously shouldn't be the
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case unless you have an engine failure.

MR JACKY: And was this part of the program
initiated with the original portion of the progranf

THE WTNESS: No. W hope to inplenment that
by the end of Novenber.

MR JACKY: Are you famliar with the U S
regulations as far as information that is recorded on
flight data recorders?

THE W TNESS: I"'m not famliar with US.
regul ati ons.

MR JACKY: So you couldn't mnake any
conparison between the European authority and the FAA?

THE W TNESS: I think I wouldn't like to
speak in detail but | think they are broadly simlar.

MR JACKY: And would you have idea as to why
the Safety Board would have to go to a European
authority to ask for this sort of a data search?

THE W TNESS: As far as I'm aware, no U. S
operator has the capability to analyze this sort of

i nformati on. And QAR s generally aren't fitted to U S
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aircraft.

MR, JACKY: Turning to another subject, |
would like to ask you to please reference Exhibit 13X-
C, please.

THE W TNESS: Yes. I have the exhibit here

MR, JACKY: And | would ask you to turn to
page nunber 5 and Item Nunber 50, row nunber 50.

THE W TNESS: Item Nunber 50. Yes

MR, JACKY: Ckay. Recently the NTSB was
informed of an event that British Arways had on a 737-
200 airplane and | was wondering if you had any
knowl edge of this event.

THE W TNESS: Yes. |'"ve done the flight
recorder analysis from this event. It occurred in a
post - mai ntenance test flight at an altitude of 29,000
feet -- 1I'm sorry -- 20,000 feet, 290 knots. And the
aircraft suffered a nunmber of roll oscillations that
went on for a period of six mnutes.

MR JACKY: And what is the status or is the

AAIB investigating this incident?
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THE W TNESS: Thisincident is the subject of
an AAIB formal investigation and we are still
continuing that investigation

MR JACKY: Is there any information that you
could give us regarding this incident?

THE W TNESS: I think the investigation is
still at a very early stage and we have no concl usions
to present here.

MR, JACKY: One final question. | asked you
regarding the comparison of the -- or regarding the
CAA's regulations as far as the flight data recorders

Do you have an estimate of what nunber of paraneters
are required to be on say 737 airplanes that are flying
within the UK?

THE W TNESS: It's very varied because of the
dates of first certification and individual airplane
certification. My understanding is that an aircraft of
the age of the Pittsburgh 737 would have required 11
paraneters but for aircraft, obviously newer aircraft

comng onto the register post-1989, that's nuch
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i ncreased.

MR, JACKY: And the nunmber of paraneters that
are recorded on the 737-400's that are being used for
this data search?

THE W TNESS: O the order of 80 analog
paraneters plus sone discretes as well.

MR, JACKY: So would you have an estimte of
the total nunber of paraneters then?

THE W TNESS: I think the total nunber is
somewhere around 200

MR, JACKY: I have no further questions, M.
Chai r man.

CHAI RVAN  HALL: Thank you, M. Jacky.

Any other nenbers of the Technical Panel have
guestions for this wtness?

(No response.)

If not, we will at this tine turn to the
parties. Wat | would like to do is what we did in
Pi tt sbur gh. If you have an interest in asking a

question of this wtness, if you would please have your
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representative raise their hand and that would keep us

from having to go through the list every tine to see.

Do we have any of the parties that would Ilike

to ask questions of this wtness?

(No response.)

If not, we will nove to the Board of Inquiry.
M. dark?
MR, CLARK I have no questions.

CHAl RVAN  HALL: M. Marx?

MR MARX No questions.

CHAl RVAN  HALL: M. Schl eede?
MR.  SCHLEEDE: No questions.
CHAl RVAN HALL: M. Laynor?
MR. LAYNOR: No questions.

CHAl RVAN  HALL: Well, the Chairman would just

like, Ms. Evans, to point out that in this
investigation we have sought out the international
assistance and international cooperation from around
the world and | want to note that the AAIB, which is

the British equivalent of the NISB, | would like to
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thank you and your organization for your support of
this investigation and your work with us, and note that
this has been done at the expense of your own

organi zation, which we greatly appreciate.

And | also want to acknow edge at this tine
that in terns of the sound spectrum analysis, we have
sought out the assistance of our counterparts with the
Russian version of the NISB and they have provided
assistance to M. Cash in that area, as well.

As | wunderstand it, M. Evans, you have
started out on this quick access recorder, which as |
understand is a flight data recorder wthout the
essential crash protection itens that can be quickly
renmoved and read out. And we do not have that.
Airlines are not using that in this country.

Therefore, we have gone to Europe and sought the
cooperation of airlines, which we appreciate. They' ve
asked not to be identified but we appreciate their
cooper ati on.

And we started, if |'m correct, in @tober
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with the recorder, quick access recorder, that gives us
the rudder -- what is it -- pedal and rudder panel. |Is
that the correct description?

THE W TNESS: Yes.

CHAl RVAN  HALL: I nf or mati on. Surface
i nformati on. And we are nonitoring that.

And how long do we intend to nonitor that?

THE W TNESS: For approximately six nonths.

CHAl RVAN  HALL: Si x nont hs. And we just are
in that about a nonth; right?

THE W TNESS: Yes.

CHAl RVAN  HALL: And basically, you ve covered
this norning sonme information on the beginning of that.
And the reason we're doing that is that we hope that
we'll be able from that information to see if there are
any anomalies or rudder deflections that the Board --
that would assist us in this investigation.

Is that correct, M. Jacky?

MR JACKY: That is correct.

CHAl RVAN  HALL: Is there anything else that
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the general public ought to know about what M. Evans
is doing and the work they're doing that would
contribute to the public understanding of what is a
fairly technical process?

MR JACKY: The only thing that | mght add
would be that in regards to the infornmation that we're
looking at, we're looking at both the input to the
surface position, as well as the output, so we see what
is being commanded inside the cockpit and also what is
the result of that input. And also that we're | ooking
at many thousands of hours of information and searching
through that in order to look for these type of events.

CHAl RVAN  HALL: Ckay.

Ms. Evans, thank you very nmuch for your
attendance and coming all the way over here and we
appreciate it very nuch. And you're excused.

THE W TNESS: Thank you very nuch.

(Wtness excused.)

CHAI RVAN  HALL: Before we begin our next

witness, we wll take a break for the benefit of all
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M CHAEL ZI ELI NSKI, AEROCSPACE ENG NEER, PRQIECT OFFI CER
CRITICAL DESIGN REVIEW TEAM LEADER, FEDERAL
AVI ATION  ADM NI STRATI ON, SEATTLE, WASHI NGTON

Wher eupon,

M CHAEL ZI ELI NSKI ,
was called as a witness by and on behalf of the NTSB,
and, after having been duly sworn, was exam ned and
testified on his oath as follows:

MR, SCHLEEDE: M. Zielinski, give us your
full name and business address, please?

THE W TNESS: M/ nane is Mke Zelinski. The
address is Renton, Washington, Northwest Muntain
Regi on.

MR. SCHLEEDE: |I'm sorry. | didn't hear the
| ast part.

THE W TNESS: The address is Renton,

Washi ngton, Northwest Muntain Region FAA Ofice.

MR. SCHLEEDE: Ad you work for the FAA?

THE W TNESS: That's correct.
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MR.  SCHLEEDE: In what position?

THE W TNESS: I am an Aerospace Engi neer
Project Oficer wthin the Standardization Branch
within the Transport and Airplane Directorate.

MR.  SCHLEEDE: Could you briefly describe
what your responsibilities are in the position?

THE W TNESS: My current responsibilities are
to nonitor all transport category activity as far as
the Atlanta Certification Ofice and the LA -- that is
Los Angeles Aircraft Certification Ofice.

MR.  SCHLEEDE: Wuld you give us a brief
description of your -education and background that
gualifies you for your position?

THE W TNESS: | have a bachelor's degree in
aeronautical engineering. I"ve worked in industry 18
years, 10 of which have been as an FAA designated
engi neering representative, flight analyst. |[|'ve been
enpl oyed at the FAA for the past 12 years

MR.  SCHLEEDE: Could you just briefly tell wus

what a designated engineering representative does?
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THE W TNESS: I had the responsibility for
reviewing data as a consequence of flight testing in
support of developnent of airplane performance for the
Airplane Flight Mnual.

MR.  SCHLEEDE: Thank you. M. Phillips wll
pr oceed.

CHAIRVAN HALL: M. Phillips, before you
begin --

M. Zielinski, this is the second tine. You
testified in Pittsburgh, did you not?

THE W TNESS: That is correct.

CHAI RVAN  HALL.: And | believe in Pittsburgh
you gave us a progress report on the work of the
critical design review team

THE W TNESS:. Yes.

CHAl RVAN  HALL: And | asked at that time if
you would mnd comng back if we had a second hearing
to give us a report on that and you said you' d be glad
to.

THE W TNESS: Yes.
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CHAl RVAN  HALL: And | appreciate you being
here.

M. Phillips?

MR, PHI LLI PS: Thank you.

Good norning, M. Zelinski?

THE W TNESS: Good norni ng.

MR, PHI LLI PS: Can you hear ne?

THE W TNESS: Ilt's a little --

MR.  PHI LLI PS: Ckay.

CHAl RVAN  HALL: Is it on?

MR.  PHI LLI PS: It's on but it's |ow

Ckay. As the Chairman noted, we got a chance
to talk with you back in January in Pittsburgh. 1'd
like to for a few mnutes recap sone of that testinony

back in January when we talked with you.

In the last public hearing, it

was ny

recollection that the report wasn't finished at

tine. Is that correct?

THE W TNESS: That's correct.
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MR, PHI LLI PS: And at what stage of
conpletion was it at that hearing?

THE W TNESS: W anticipated at that tinme we
needed at least two nore nonths to conplete the
docunent .

MR.  PHI LLI PS: Was there investigative work
being done or was it nmanagenent reviews or what?

THE W TNESS: Bot h.

MR.  PHI LLI PS: Bot h. Ckay.

And the team was still together functioning
as a CDR teanf

THE W TNESS: That's correct.

MR.  PHI LLI PS: Recal ling your original
testinony about the makeup of the team exactly what
was the CDR? And could you tell us a little bit about
the team nenbers that were selected?

THE W TNESS: Ckay. The CDR, the critica
design review, was with respect to the 737 flight
controls and a charter was developed in Cctober of '94

and it was felt that a team should take a fresh | ook at
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the design of the flight control system on a 737 wth
regard to possibly identifying any deficiencies that
m ght contribute to the ongoing accident investigation
with regard to the Pittsburgh accident.

There were eight to nine nenbers at any given
time during that process, which went from Cctober of
'94 through the end of April of '95. The docunent was
conpleted May 3rd of '95.

We, that is the Transport Directorate,
believed that it would be valuable to have people that
were not intimately involved with the certification of
the 737 but yet having expertise in transport category
airplanes in the various areas, |ike systens,
operations, mmintenance, airworthiness, et cetera.

W also believed that it would be inportant
to include people outside the FAA and to that end we
had representation from Transport Canada, the United
States Air Force and a representative from the NITSB.

MR, PHI LLI PS: In selecting the team nenbers,

were these volunteers or were they selected by FAA
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managemnment ?

THE W TNESS: A mail message went out to all
of the Aircraft Certification Ofices within the FAA
Aircraft Certification Service asking for nomnees and
consideration of the task. And followi ng the
identification of candidates and then in consideration
of their wllingness to participate, knowing how it
mght interfere with their workload, et cetera, we
arrived at the selection of people that we have.

MR.  PHI LLI PS: Was this a full-tine job for
the people on the tean?

THE W TNESS: For sone individuals, yes.
Ohers it was probably on the order of 25 to 50 percent
of their time, depending upon -- in the beginning,
think we had a very concentrated effort. And as tine
went on, as the docunent devel oped, the anount of tine
spent by the individuals dimnished.

MR.  PHI LLI PS: Were did the initial concept
of the team originate? Wat set the charter and the

foundation for the review?
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THE W TNESS: Vll, the idea for the effort
cane out of the Seattle Aircraft Certification Ofice.
| believe M. Don Rig-gin, who is the Ofice Munager,
felt that sonmething else had to be done and he thought
this was a possibility. He checked wth upper
managenent as to the feasibility, considering the costs
and resources within the FAA, and it was decided that
this would be a worthwhile effort.

MR, PHI LLI PS: Had there been other CDR s
done by any of these team nenbers? Had they
participated on other CDR s?

THE W TNESS: There had been other critical
design reviews. | believe one of our nenbers of this
particular one had participated in others. They're a
bit wunique, each one being quite different.

MR, PHI LLI PS: Along those lines, the
charter, at least the area of coverage for the CDR was
fairly specific. Can you give us sone idea of what
defined the range of your exam nation or investigation?

THE W TNESS: Wll, certainly we are driven
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by the accident -- accidents, | should say. And flight
controls was the area we wanted to focus. The deci sion
was nade that the effort would be wthout any
inhibitions, inhibitions from the standpoint of the
probability of the occurrence. It was rather nore of a
hazard assessnment, a qualitative hazard assessnent.

So the potential for anything occurring, that is
failures, multiple single failures, was open for review
by the team

Al so, we included any consideration for the
service experience, that is by operators, as nay be
exhibited by SDR's, manufacturer generated service
bulletins, service letters, et cetera. So the service
history of the airplane and the design and the
potential for failures was the consideration for the
t eam

MR, PHI LLI PS: You nentioned in your opening
statenent there both accidents. What accidents would
t hose be?

THE W TNESS: I"m sorry. The Col orado
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Springs and the Pittsburgh events.

MR, PHI LLI PS: In the initial -- you
nmentioned probabilities wthout -- review wthout
consideration or inhibition. Did you take into account

during your review the certification basis for the
ai rpl ane?

THE W TNESS: Yes, we did. The docunent,
that is the report on the critical design review,
contains our review of the initial certification of the
737-100-200 and the nodels 300, 400 and 500. It was to
give us a measure of where or what the certification
basis was for those airplanes with regard to today's
requirenents.

MR.  PHI LLI PS: Can you give us a brief
summary of what is a certification basis? Wen we use
those terns, what are we talking about?

THE W TNESS: An applicant, a nanufacturer of
an aircraft, approaches the FAA with a design concept
and is requesting certification of the design. In this

case, a transport category airplane. And at that tinme
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of application, we look at what is the current
amendnent level wthin the certification rules. And
it's that level that's applicable to that particular
ai r pl ane.

MR.  PHI LLI PS: And an anendnent is an update
to a Federal Aviation Regulation?

THE W TNESS: That is correct.

MR.  PHI LLI PS: Ckay. In doing a review where
the certification basis isn't a foundation for your
exam nation, does that nmke available to you nore
avenues of exploration? Can you use new rules to
evaluate the airplane against?

THE W TNESS: Ckay. A bit of background on
the 737, the various nodels. The airplane was
originally certified, | believe, in 1967. That is, the
100, 200. And beginning in "84, the other three
nodel s, 300, 400 and 500, were certified against the
sanme type certification basis. And that is, that we
did not apply the -- directly apply the |atest

amendnents as they may exist say in 1984 against the
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737-300, 400 and 500, except for those parts of the
airplane that had significant change.

For exanple, the introduction of a new engine
on the airplane certainly wouldn't neet the | atest
requirements at the time of «certification. O for that
matter, any significant systens or structure changes
would certainly have to neet the [|atest anendnent
| evel .

But things that have not changed, we did not
i mpose any later nodifications to the rules on the
exi sting airplane.

MR, PHI LLI PS: How are the decisions arrived
or cone to on what anendnents to oppose or what changes
to require for a new derivative certification? 1Is
there a process that involves a review panel or exactly
how does that start off, please?

THE W TNESS: Wll, the certification basis
is certainly set by the tinme of the application. |If
it's an anendnent to the type certification basis, our

current policy is to ask the applicant to assess the
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opportunity to certify to the current anendnent |evel,
although it's not a requirenent, and to show how or why
that nmay not be appropriate, given the service
experience of the airplane and/or the inapplicability
of the new anendnent | evel

MR, PHI LLI PS: You mentioned earlier a
functional hazard assessnment as a type of review for
your CDR group. Wat is a functional hazard
assessnment ?

THE W TNESS: Advi sory Circular 251309
identifies what is a functional hazard assessnment. It
in essence is a qualitative approach to failure
anal ysis, as opposed to a probablistic. And it depends
upon to a significant degree engineering judgnent wth
regard to the hazardous nature of single multiple
failures.

MR, PHI LLI PS: So, let's talk a little bit
about qualitative, qualitative and probablistic. Can
you categorize or give us nore of a layman's

expl anation of that term nology?
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THE WTNESS: Probablistic is in reference to
the failure rate consideration for various elenents of
a conponent in conbination with other elenents of that
conponent which would ultimately give you a probability
of an entire unit or conponent failing.

Wthin 25 -- that is, Advisory G rcular
251309 are identified what are considerations as far as
the probability of failure and a degree of hazard
associated with that probability.

MR.  PHI LLI PS: Did 251309 exist at the tine
of initial certification of the 7377

THE WTNESS: No, it did not, as far as the
Advisory Grcular is concerned.

MR, PHI LLI PS: Yes. The regulation existed
but the Advisory Crcular canme out at a later date.
Approximately when did that cone out? Ball park.

THE W TNESS: | don't recall. | believe it
was the '7Cs, if |'m not m staken.

MR.  PHI LLI PS: And then revised in about

eight nonths later?
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THE W TNESS: There was a revision 1A of that
docunent .

MR.  PHI LLI PS: And what is an Advisory
Circular? Wat does that do and what kind of bearing
does that have on certification?

THE W TNESS: Advisory Circular is in
reference to a particular regulation, with regard to
the means of show ng conpliance. It's an
i nterpretation. Not the only neans, but it is a nmeans
for showng how you mght go about conmplying with a
particul ar regul ation.

MR.  PHI LLI PS: So if it has a nunber of
251309, that nmeans it's relative to that requirenment or
regulation and that's a nmeans of conpliance?

THE W TNESS: That's correct.

MR, PHI LLI PS: | think, M. Donner, in that
pile on the floor -- 1 may be wong in that
identification of date for 251309. There's an AC on
the floor there that wll show what the particular date

was. W'll get back to it later.
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THE W TNESS: That's fine.

MR, PHI LLI PS: In your CDR review, you | ooked
at service history of the airplane. How did you do
that? Wat information did you have available to you?

THE W TNESS: W had three individuals on our
team that were, let's say, operation, airworthiness,
experti se. W had a principal mintenance inspector in
avionics and we had the principal naintenance inspector
from a Canadian operator and we had a master sergeant,
Air Force, that dealt with the T-43.

Those individuals went into the various data
sources with regards to the service history of the
conponents involved in the flight control system of the
ai rpl ane. The significant difficulty of reports, the
aerospace safety reporting system W reviewed past
service bulletins generated by the Boeing Conpany and
associ ated service letters and nany other sources.

W reviewed the AD history; that is,
Airworthiness Directive history on the 737 to tell wus

if there were areas of particular concern, frequency of
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failure, et cetera, which would give us focus as to any
considerations for possible recommendations on
corrective action.

MR.  PHI LLI PS: Could you tell us what a
service difficulty report is, an SDR?

THE WTNESS: An SDR, it's as defined, |
believe, in regulation 21.3, as far as those kinds of
things reported by the operators to the FAA The
process being that as a report is generated that
information goes to the Aircraft Certification Ofice
that has the type certificate for that particular
ai r pl ane.

It's then distributed to the various branches
for their review, as to any concerns with regard to
safety or let's put it in the context of continued
airworthiness of the airplane and whether any action,
mandatory action, mght be necessary.

And what | nean by mandatory action, that's
with respect to the generation of an Airworthiness

Directive.
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MR.  PHI LLI PS: Are the operators required to
wite SDR s?

THE W TNESS: Per the regulation

MR.  PHI LLI PS: So an SDR, if there's a
di screpancy or difficulty, you would expect to find one
for every time that occurred on a specific airplane or
type of airplane or fleet?

THE W TNESS: That is the expectation

MR.  PHI LLI PS: Ckay. And in the processing
of this data by the ACO Certification Ofice, for
review for safety issues, is there a formalized process
that identifies trends or developing trends in SDR
activities?

THE WTNESS: As | nentioned, the SDR cones
into the Aircraft Certification Ofice that has
responsibility for that particular airplane and that
information gets distributed to the wvarious specialty
areas within that office for them to track the trend
and establish whether or not there are any safety

i ssues/ concerns.
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MR, PHI LLI PS: How conplete is the
information on the SDR? Does it provide sufficient
information to make a critical assessnent of the safety
hazard involved in sonething?

THE W TNESS: The SDR s wunfortunately are not
as conplete and detailed as we would hope down to the
point of identifying cause. A conponent nmay be renoved
but not necessarily what the particular fault found
was. So the process is inconplete.

MR.  PHI LLI PS: W initiates an SDR? A
mechani c?

THE W TNESS: O the operator.

MR, PHI LLI PS: Sonmeone at the operator?

Ckay.

And as part of your review for the CDR, you
reviewed the SDR history for this airplane for the
flight control systens?

THE W TNESS: SDR s are wusually categorized
by ATA chapter and various nunbers indicate elenents

within, in this particular case, the flight control
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system And we interrogated that system for those ATA
chapters that affect flight controls.

MR, PHI LLI PS: Did your review also include
any conparison of other aircraft, other type aircraft
for the nunber of SDR s against that type of systenf

THE WTNESS: No, we did not |ook at the
SDR s on other aircraft but we did |look at the design
of other aircraft. In particular, the DGC 9/ MD 80
seri es.

MR.  PHI LLI PS: Did you find anything in your
review or did the team find anything in the review that
you considered a significant nunber of SDR s against
any particular systen? D d you attenpt to quantify how
many were too many?

THE W TNESS: There within the docunents are
several tables that identify single failures, |atent
failures. And | think we've identified in that table
the SDR s that indicate or support the kind of failure
mechanism we've identified within a table.

W've also included in the appendix sone
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information with regard to service bulletins and
service letters that also were somewhat indicative of
the failure.

Wat we are looking for is, having gone
through the hazard assessnment, was there any
substantiation for that hazard actually occurring. And
through the SDR's, the Aviation Safety Reporting System
and the other data sources, we're looking to
substantiate the potential for the failure to occur.

That's all referaced in those tables.

MR, PHI LLI PS: | realize that.

The ASRS, Aviation Safety Reporting System
could you give us a brief description of what that is
and who nmaintains that?

CHAl RVAN  HALL: Before we nove to that, could
we get an explanation of a single failure and a |atent
failure since we're talking about them so we know what
those two itens are?

MR, PHI LLI PS: Sure can.

THE W TNESS: Sinply put, M. Chairman, it's
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-- a single failure, the term that we've used in our
docunent, is detectable. Latent failure is
undet ect abl e. That is, undetectable or not identified
to the flight crew

Again, Advisory Circular 251309 is clear wth
respect to what constitutes a latent failure.

MR.  PHI LLI PS: Ckay. Back to the ASRS issue.
Again, a brief description of what that is and who

mai ntains that database.

THE W TNESS: | believe the process is
identified as an appendix in the documents. That is,
the critical design review docunent. My recollection

it's a NASA supported collection system funded by the
FAA and it's open to any individual involved with the
operation of an airplane; nechanic, pilot, et cetera.
That they could submt a report with regard to an
anomaly, an incident of concern to them and it's
guaranteed that the report wll be anonynous.

It goes into a database that we then have

access to. | believe the system started in '85,
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started about that time period.

MR, PHILLI PS: And did you have a person from
NASA on your tean?

THE WTNESS: No, | did not. In fact, the
person that helped us with the Aviation Safety
Reporting System data was the NISB representative.

MR, PHI LLI PS: There was an NTSB
representative with the CDR tean?

THE W TNESS: That's correct.

MR.  PHI LLI PS: And what was his function wth
the tean?

THE W TNESS: As with a nunber of the team
nmenbers, they played a variety of role besides their
particular specialty. They also helped in the review
and devel opnent of any concerns with regard to the
dat a. The NTSB representative helped us in
clarification of the recomendations that were
devel oped by the NISB against the 737 that mght have
impact with regard to flight control. I think that was

the principal area of expertise, or | should say
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assistance, wth regard to the CDR

MR, PHI LLI PS: As part of the teamis work,
did you review any reports from the NISB on the
accident investigation at Colorado Springs?

THE W TNESS: W had access to sone of the
report, not all. The effort at the onset was to
i ndependent of the accident investigation, but at the
sanme tine we were very nmuch attracted, you mght say,
to what did they learn. And we did have sone limted
amount of information, but certainly not all.

MR, PHI LLI PS: Wre there any constraints
placed on giving you or naking access to that
information to you?

THE WTNESS: No.

MR, PHI LLI PS: So you got everything that you
required for your assessnent?

THE W TNESS: Ri ght.

MR PHILLIPS: As part of your work, |
believe you had a pilot with your group, at |east one.

And you did some simulation work at Boeing. Coul d vyou
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summarize that real briefly?

THE W TNESS: In the process of reviewing the
anal yses, failure analysis provided by the Boeing
Conmpany, we decided that it would be beneficial to
exercise sone of the failure nobdes in using a
si mul at or. Boeing made available their engineering
simulator and we had put together a test plan, which is
also identified in the docunent with regard to various
condi ti ons.

The principal focus, of course, was the
flight control as a consequence of wusing ailerons and
spoilers, flight spoilers and the rudder. W did | ook
at the symetries with regard to leading and trailing
edge fl aps. W |ooked at the normal operating
envel ope. W did attenpt to focus in the speed regine
of 190 knots and configuration flaps one for a nunber
of the failure considerations.

W | ooked at jans. W | ooked at failures.

W | ooked at janms, partial jans, full janms, from the

standpoint of wusing the exanple of the wheel. The
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control wheel was jamed at 45 degrees, | believe, and
at a full throw W |ooked at the consequent ability
with the remaining flight control to continue to fly

the airplane. And in sonme cases, we attenpted to |and
t he airplane. O course, all in the simulation.

MR, PHI LLI PS: Wy did you select 190 knots
and flaps one as a datapoint?

THE W TNESS: Vell, it was one of the
datapoints and we wanted to nake sure we covered the
event that was significant with regard to the
Pittsburgh accident.

MR, PHI LLI PS: So the data was provided to
you to say that the accident --

THE W TNESS: That's right.

MR, PHI LLI PS: Ckay. You nentioned that you
did sonme testing for jans. Was there any particular
concern that drove you to looking at the jam condition
or was it just one of several?

THE W TNESS: In our review of the failures

anal yses, the question came up with regard to jam at

CAPITAL HILL REPORTING |INC
(202) 466- 9500



10
11
12
13
14
15
16
17
18
19
20

1528

what position. Were does the flight control input
jan? And the FAA has a regulation, 25.671, that talks
about is normally encountered. And our investigation
as to what does that nean, we've cone to a conclusion
there was no specific, meaning it was very subjective.
In the event of showing conpliance with the
regulation normally encountered was up to the
i ndividual conducting the flight test to establish
along with the mnmanufacturer. W felt very
unconfortable wth this subjectivity. In fact, it

ended up being one of our concerns, as identified in a

reconmendation in the report. And along with that, we
wanted to look at, okay, if the jam occurred here or at
full deflection, is there an issue from the standpoint

of controllability, recovering from the upset
condi tion.

MR, PHI LLI PS: Did you have any reason to
think that janms would occur only at a full travel
position or neutral position? WAs there any basis from

your service history study of the SDR s that would
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i ndicate you should be looking in those areas or was it
just  thoroughness?

THE WTNESS: No. The data that we got from
the reporting system is very specific that could answer
that kind of question that says where, if any at all,
jans were reported. It was only through the review of
the failure analysis that we were concerned with what
does normally encountered nean. And therefore, the
need to explore that future.

A recomendation in Section 15 of the
docunent does provide for doing sonething about that,
requesting either policy or possibly regulation be
devel oped that would further clarify what normally
encountered rmeans. This is an issue that canme out of
our looking at the 737 but certainly is not applicable
only to the 737. There's other aircraft that certainly
would be, let's say inpacted if we ultimately end up
with criteria. And therefore, they have the potential
for having difficulty with that criteria.

W're in the process of -- or we have, |
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should say, developed an issue paper. An issue paper
is a document that identifies an FAA concern wth
regard to conpliance with a particular regulation.

It's a docunent that is developed in the process of
certification of an airplane. And within this
particular issue paper that |I'm referring to, we are
attenpting to identify criteria that should be used to
establish what normally encountered neans.

This is not to say that it's the only set of

criteria. Certainly the applicant can respond to that
and say that, well, wth regard to your criteria, we've
conducted possibly a survey. It shows that it may not
be quite applicable. So it's still a devel oping

process open to review and substantiation of what does
normal |y encountered neans.

It's a difficult term but it is sonething
that's used in a nunber of places within the
regulations with regard to flight control and we felt,
as a team it needs definition. Again, to enphasize,

it's not just a 737 issue.
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MR PHLLIRPS Are you aware that there's
ever been an attempt tto define nornally encountered py
an issue paper or any other action before?

THE W TNESS: Qur assessnent of the history
of various certifications indicated there was not.

MR.  PHI LLI PS: So if the flight contro
surface -- if you can deflect it to its maximum travel
in flight, could you -- by any nmeans, could you
consider that a normal encountered deflection or does
that fit into your definition?

THE W TNESS: It's wunlikely. Al though 1 nust
say that our team nmenbers did feel that if there's that
amount of control available, is there the potential for
utilizing it. Now the issue is that a nornmal situation
and is there a requirement to show controllability for
the extreme case.

| believe ultimately in our reconmendation,
for instance with regard to the rudder, we did identify
failure of the nobdes consequences not shown to be

extrenely inprobable as those conditions that you would
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not have to show controllability because of the
extrenmely inprobable nature of the failure and a
consequence of being at say null rudder deflection.

MR, PHI LLI PS: Could you tell nme what
extrenely inprobable neans to you or to the FAA?

THE W TNESS: To the FAA, it'sas prescribed
in -- again, Advisory Grcular 251309, revision 1A It
identifies the probability, extrenely inprobable being
an event that is -- the potential for its occurrence
may be one in a billion. A billion flight hours, for
exanple, has not yet occurred with regard to the
operations certainly of the 737. It's on the order of
60-sone mllion hours at this tinme.

So if a failure or a conbination of failures
was determined to be extrenely inprobable, the
expectation is it would not occur in the life of the
fleet.

MR, PHI LLI PS: So paraphrasing that, if it's
extrenely inprobable, it could never happen in a 737 or

a DC-10 or whatever?
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THE W TNESS: Wth the current level of 60
mllion hours, you'd have to have 15 times that anount
of experience and when that mght be achieved, so --
it's anybody's guess whether the airplane would be
around that |ong. I'"'m sure Boeing hopes it would be, |
suppose.

MR, PHI LLI PS: Does the term extrenely
i mprobable used in the certification of the 737, did it
need to nmeet that criteria when it was certified?

THE WTNESS: No.

MR.  PHI LLI PS: Wuld it be --

THE W TNESS: Let ne clarify. It was an
engi neering judgnment as to the hazard associated wth
single multiple failures as opposed to a probablistic
determ nation that the conbination of events would be a
10 to the 9th or Iess.

MR, PHI LLI PS: So would it be required of a
newy certified airplane, then? Extrenely inprobable
criteria?

THE W TNESS: Yes.
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MR, PHI LLI PS: Is that generally nore
stringent than what was required of the basic
certification of the 737 series?

THE W TNESS: Yes.

MR.  PHI LLI PS: In the initial certification
basis, what was the criteria for failure? Wat was the
term nol ogy used and --

THE W TNESS: Boeing conducted a failure
analysis, and |I'm sure they could expand upon that in
detail . Single failures, a conbination of failures;
that is, single failure and single latent failure. And
to what degree of hazard associated with that, again, |
believe in the later nodels, as changes were introduced
with the 300 and 400, they did apply a probablistic
assessnent. But for the 100, 200 airplane, that wasn't
conducted, to nmy best know edge.

And it was a judgnment from the standpoint
that any event of occurrence that could pose a hazard,
there were alternate means or there was an action or a

response that could be elicited from the flight crew in
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dealing with that failure.

And so you'll see in the failure analysis, in
the event of these failures occurring, certain actions
could be taken by the flight crew to alleviate any
hazard associated with that failure.

MR, PHI LLI PS: Was the failure analysis that
you speak of, was that required by the FAA for
certification?

THE W TNESS: Yes. It's part of the safety
assessnent requirenent.

MR, PHI LLI PS: And that's required of all
ai rpl anes?

THE W TNESS: Yes.

MR, PHI LLI PS: Is that certification or is
that failure analysis, is it nodified as operational
data becones available on prelimnary hazard
assessnents that have changed with service?

THE WTNESS: No. But there is another neans
for dealing with issues. In the process of certifying

the airplane an assessnent is nade as to the hazards
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associated with failures subsequent to the
certification of the airplane. W have what's called
the continued airworthiness -- continued operational
safety.

Wthin the FAA are various elements that
contribute to the continuing safety of the airplane as
the service experience dictates, as failure occurs, as
incidents occur, as the nanufacturer sees the need to
nodi fy the airplane. Service bulletins are generated.

Service letters are generated to inplenent
nodi fications or changes to nmintenance or inspection
or whatever.

The Flight Standard service elenent of the
FAA contributes via its nonitoring of the operation of
the airplane and the events occurring wthin that
particul ar operation. Those events, from the
standpoint of failures, component renovals, et cetera,
that information is fed back to certification. That
is, Aircraft Certification Service. And the cunmulative

information that is what conmes from the operator, what
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comes from the manufacturer, is accunulated within the
Aircraft Certification Ofice to determ ne whether or
not an airworthiness directive needs to be generated.

So even though an analysis may be shown to be
inmperfect or incorrect as the service experience
dictates, there are opportunities that the FAA has to
correct that via developnent and issuance of an
airworthiness directive that would nmandate the
corrective action to ensure the continuance of the
operational safety of the airplane and in essence,
conti nuance of what we bought into originally as the
| evel of safety predicted by the analysis.

MR.  PHI LLI PS: I think we understand the
continuing airworthiness concept, but is there a
requirement for the analysis that was originally
conducted to certify or justify the airplane be changed
as this information becones available? |s the docunent
-- is it rewitten and reissued with nodifications?

THE W TNESS: Are you talking about the

failure analysis?
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revised as a consequence of
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anal ysis documents.

The failure analysis is

the service experience,

al though that service experience nmy cause the

generation of

service bulletins

production line item for subsequent

that then becone a

nodels or | believe

and Boeing certainly can expand upon this, how

service bulletins are introduced

ai r pl anes.

nto newy produced

MR, PHI LLI PS: When you have no operational

experience on a newy certified airplane, the basis of

your
you

is

functional hazard assessnment

nmenti oned as engineeri

or failure analysis,

ng judgnent. Whose j udgnent

it that the analysis is adequate, conplete?

THE W TNESS: Vel

j udgnent of the FAA, whose

I, it's

the collective

responsibility is to

determine that conpliance has been shown, as well as

t he

responsibility of the applicant.

(Pause.)

You have to excuse ne.

was going to nake a
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poi nt . | can't recall. Repeat your question, please.

MR, PHI LLI PS: Wll, | just asked whose
responsibility is it for the failure analysis? Who
provides it and how is it put together.

THE W TNESS: Ckay. You asked engineer ing
j udgnment .

MR.  PHI LLI PS: Ri ght.

THE W TNESS: The engineering judgnent
aspect, what's neant by that is the collective
experience of individuals and their having conducted
certifications or been involved wth airplanes having
simlar design features. In other words, if you were
to establish that a failure analysis for say the 737,
you certainly would |ook at the experience gained on
other airplane nodels that have sinmilar systens or
conponents. And with that, assess whether or not the
analysis is reasonable and applicable.

CHAIRVAN HALL: M. Phillips, I'm just -- so
I can follow this now, is this -- the failure analysis

docunent is what you're saying, M. Zelinski, was
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created in 1969 on this plane when it was originally
certified?
THE WTNEss: Oiginal certification was in

' 67. The docunentation was provided prior to that

tinme.

CHAl RVAN  HALL: And that docunment is not
updat ed?

THE W TNESS: That's correct.

CHAl RVAN  HALL: Wth each nodel that cones
al ong.

THE W TNESS: Until another nodel conmes along
and/or changes are made to that particular airplane.
CHAl RVAN  HALL: So the series, 100, 200 300,
400, is that docunment updated or it stays the sane?
THE W TNESS: Unl ess additional features are
incorporated on a particular nodel, the docunent
doesn't change.
CHAI RVAN  HALL: Wll, on this particular
pl ane, has that docunent been updated?

THE W TNESS: For additional equipnent, |ike
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ot her

time a significant

, the failure analysis needs

CHAl RVAN  HALL: And you nonitor that

THE W TNESS: It

S a requirement.

CHAI RVAN  HALL: Thr ough

THE W TNESS: Ri ght .

CHAI RVAN  HALL: Ckay.

THE W TNESS: But

we do

that process?

in your

not adjust past

anal yses by service experience except for, as

i ndi cated, the application

Directive

process.

of the Airworthiness

MR.  PHI LLI PS: So to have a thorough

understanding of how relev

anal ysi s
to have

bull etins

may or nmay not have been,

the service histor

to go with that

ant an

y, AD history,

initial

initial failure

you would also need

anal ysi s?

THE W TNESS: That's why our process
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as the CDR team Just to enphasize, the people were
not necessarily famliar with the airplane but they
were expert in their particular area of specialty.
They were provided that famliarization. They were
privy to the analysis in support of the certification
of the airplane and then we |ooked at the service
history of the airplane in substantial or corroboration
of analyses and/or judgnments that were provided as far
as failures and their associated hazard.

MR, PHI LLI PS: Going back into the CDR report
briefly, the areas that nenbers studied included vyour
flight controls but you also considered an area of
hydraulic fluid contam nation. Wiy was that selected?

Was there a driving force behind looking into that
area?

THE W TNESS: This is one of the advantages
of a fresh look at a design. The team began to ask
guestions, sinple questions with regard to sensitivity
of hydraulic conponents, with regard to contam nation.

And as we explored that question, we also asked that
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of Douglas as well, with regard to their approach
consi derati ons.

W found that there certainly were
recomendations by the manufacturer from the standpoint
of when to change the hydraulic fluid. But the
standards and/or ship shear capabilities, say for
exanple, of those valves were not necessarily a
st andar d. They were different. Various conmponents had
different capabilities. Not to say that the different
indicated an unsafe feature necessarily but the fact
that they were different.

And so, an attenpt to assure ourselves
ultimately that the consideration, simlar
considerations applied in the developnment and ultimate
certification of conponents, we suggested that fluid
contam nation and particulate contamnation and chip
shear capability are itens that ought to be reviewed
from the standpoint of a need and ultimate application
of any standards that mght be appropriate.

And in this particular case, with response to
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our recomendation, | believe, the Society of Engineers
have identified a conmttee, six, | believe, and M.
Paul Knerr can speak to that in a little nore detail,
as to their activity to review contam nation, review
any concerns with regard to particular contamnation as
far as hydraulic fluids are concerned and/or chip shear
capability of various conponents. In this particular
case, flight <control hydraulic wunits.

MR, PHI LLI PS: Did you team make any findings
about the hydraulic fluid contam nation issues related
to the 737 airplane?

THE W TNESS: No fi ndings. I think we just
had sone concerns. | believe M. Wrner Koch can speak
a little further to any concerns that the team had.

MR PHILLIPS: M. Koch is the next wtness
and we'll address those issues with him

Did your work in this area result in any
recommendat i ons?

THE W TNESS: Yes.

MR, PHI LLI PS: And before we go into that a
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whole lot, what I'd like to do is maybe in the end
summari ze the recomendations. Right now, 1'd just
like to stick with the area here.

But you did nake a recomendation in regards
to hydraulic fluid contam nation?

THE W TNESS: Yes, we did.

MR. PHILLIPS: | see also you did sone work
in the autopilot area. Could you briefly describe vyour
teamis work in that? Concerns or considerations?

THE W TNESS: W did look at the autopilot as
far as failure nodes and potentials for concern
ultimaitely to determne whether or not there were any
significant deficiencies or things that we would feel
ought to be corrected.

Qur review the autopilot as such from the
standpoint of continued safe flight and landing did not
indicate that any corrective action was necessary.

MR, PHI LLI PS: So your team didn't identify
any problems with the autopilot in the 737?

THE W TNESS: Not that there are any
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probl ens, but rather that there's no hazards associated
with some of the failure nodes, the failure nodes that
we | ooked at.

MR, PHI LLI PS: Did you consider the failure
analysis that you used in the hazard assessnents as
adequate for your study?

THE W TNESS: Yes.

MR, PHI LLI PS: You nmade a group of
reconmendations at the end of the report and they're
grouped into four areas; regulatory interpretative
material, certification process, design issues and
continued operational safety issues.

Is there any reason why the groupings fell
that way or is that just a good way to do it?

THE W TNESS: Wll, our intent initially was
to review the features and any potential concerns about
the flight control system on the 737. But in the
process, we identified a nunber of issues that were not
germane only to that airplane. And we began to see

that we had some internal problens with regard to
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identification of policy and/or standards that should
be applied to airplanes of this category; that is, the
transport category.

So we began to see that there were sone
regul atory interpretive issues that needed to be
addr essed. Then there certainly were sone design
issues peculiar to the 737 that needed to be address,
and as opposed to issues concerned with naintenance and
operation of the airplane.

So we felt it appropriate to segregate the
concerns we had into the categories we've identified.

MR, PHI LLI PS: Starting with the regulatory
interpretive nmaterial, | see that there are four
recommendations in that area and the opening text, |
believe, on page 39 of Exhibit 9X-A starts out with a
reference to 575.671, the normal flight envelope,
exceptional piloting swi ng strength.

There's sone question in the report about --
specifically says may not be sufficient.

Have you got that page there?
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THE W TNESS: | have page 34.

MR, PHI LLI PS: The very first paragraph, the
next to the last sentence says these regulations may
not be sufficient. And then the recomendations
fol |l ow

To arrive at this statenent, did this require
consensus of the tean? Was it a unaninous decision?

O how did this text come about in this forn?

THE W TNESS: Page 347

MR, PHI LLI PS: It's circled. They've circled
the 39 in the bottom right corner.

MR. SCHLEEDE: He's referencing the origina
docunent, the pages that are --

MR.  PHI LLI PS: W need the actual exhibit.

CHAI RVAN  HALL: It's page 39 of the exhibit
right?

MR. SCHLEEDE: The handwitten 39.

MR, PHI LLI PS: Yes. He has the original
report, which there's a few additional introductory
pages.
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CHAl RVAN  HALL: Now where is this |[|anguage?
Under which reconmendati on?

MR, PHI LLI PS: It's at the very first
par agr aph. It start FAR 25.671.

CHAl RVAN  HALL.: Ckay.

MR, PHI LLI PS: "Il give you a couple of
mnutes to find that there.

(Pause.)

And | guess ny question -- I'll restate it.
Beginning with the second sentence which references
regulation, it says the CDR team believes the
interpretations that have been applied in the past
regarding the amount of flight control input to be
considered in showing conpliance with the referenced
regulations may not be sufficient.

THE W TNESS: That's right.

MR, PHI LLI PS: My question is -- the CDR
team by that statenment, is that a consensus of the
team or is it agreed upon or negotiated or how do we

end up with that statenent?
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THE W TNESS: It certainly was the team
consensus. In fact, that's true of all the
recommendat i ons. There was not -- there wasn't -- |I'm
trying to recall each one of the recomendations.
There's 27 of them

| don't believe there was any position stated
within the CDR review of the recommendations that was
contrary to what was witten.

MR.  PHI LLI PS: Ckay.

THE W TNESS: The --

MR, PHI LLI PS: Go ahead.

THE W TNESS: The statenment of sufficiency.

Is that what your concern; what does it nean?

MR.  PHI LLI PS: Yes. I"d like to have a
l[ittle description of that.

THE W TNESS: | think | mentioned earlier our
concern about what normally encountered nmeans and |
think that's what we're trying to say. That a
subj ective approach to normally encountered is not

sufficient and we wanted a nore specific criteria that
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could be readily adapted to other airplanes, a
standardi zed approach to nornmally encountered.
Therefore, equal treatment with regard to certification
of this category of airplane.

MR, PHI LLI PS: So, the driving force behind
this statement isn't specifically the 737 requirenent?

It's for all transport airplanes?

THE W TNESS: Vell, like | said, we started
with the 737 in our investigation of trying to
establish normally encountered. W did interview
certification offices with regard to, well, how was
this applied on other aircraft. And the response was
very subjective -- was that it was a subjective
appl i cation. And we felt it was appropriate in
consideration of the effort we were putting out to
identify the fact there was a need for standardization
on what does nornally encountered nean.

MR, PHI LLI PS: Ckay. And under the area of
certification process, | see three reconmendations.

Can you sunmarize those into a brief statenment as to
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the subject matter for those?

CHAl RVAN  HALL: Which three?

MR, PHI LLI PS: Recommendation 5, 6 and 7 on
page 40.

THE W TNESS: On page 40? Ckay. These are

it's a logical grouping, that is, 5 6 and 7. And
fundanentally it speaks crew action, crew action as a
consequence of failure analysis.

What's happening here is that the failure
anal ysis provided by the manufacturer indicates that as
a consequence what may make the failure an acceptable
situation, that is, that it's not unsafe by any neans,
is that the crew will respond. And the crew wll take
a particular action, be it a switch, be it a
determ nation of operation of a hydraulic system
possi bly.

In any event, there's a response. Let's say
an expected response.

Wat we found in our review was that this

expected response or action item didn't have a good
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trail from the standpoint of inplenentation.
The next question we asked -- okay, if this
expected -- if this response is an acceptable response

or is what nmkes the failure analysis acceptable, then
how is that action carried over into ultimtely the
operation of the airplane?

Is it a procedure? Is it a crew training
item or possibly is it intuitive?

And so what concern was had was there didn't
appear to be a formal process. That's not to say that
none existed or nothing equivalent existed, but rather
that there was no formal process that said here's an
action item vyes, it is or isn't appropriate for
incorporation into training or flight procedure, flight
manual identification or whatever. The process was not
formal .

Now, in our discussion of this particular
recomendation with Flight Standards Service personnel
within the FAA, the belief was that to a degree it did

exist, but it was not a formal exercise where -- here's
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a docunent that says this is the response of the flight
crew and this is how it's been disposed of.

And we were concerned that if in those cases
an action item mde a difference to the acceptability
of the failure analysis, there nust be a way to show
indicate that that action is indeed an expected
response; be it through a witten procedure or it's

been judged to be an intuitive action by the flight

Crew.

It was very unconfortable for us from the
standpoint that the links weren't all there and our
brief investigation showed -- and for the few cases we

| ooked at, there was no connection.

MR.  PHI LLI PS: Specific to the 737 in those
areas, did you find any failure analysis or hazard
assessnent action required by the crew that wasn't
either defined in a training program or intuitive?

THE W TNESS: Two nmenbers of our team
reviewed the failure analysis action item with regard

to its incorporation into any docunentation, be it an
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Qps Manual, Operations Mnual, developed by the
manuf acturer, flight manual, any supplenentary
i nformati on. W didn't |ook at docunents that may be
produced by the operator. W only |ooked at those
docunents produced by the manufacturer.

So we can't say that potentially that action
item was necessarily covered by any one operator but
our initial investigation -- | think what it reviewed
nore was that there was no process to verify whether or
not the action was an intuitive response expected as a
consequence of training or that there was a procedure
witten up against it.

And so this, | nust say though, is not just a
Boeing 737 problem I think in our discussion wth
McDonnel | - Douglas and what is their process with regard
to this, it was very unclear that there was a fornal
process to deal with this sanme issue.

So, although our sanple is limted in the
case of only having |looked at the 737 and the DC- g/ M>

80 series, | believe this is an internal issue within
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the FAA as well. And that's why a recommendation

| ooked to Advisory GCircular 251309.1A and subsequent
revisions to clarify. Action itens consequent to a
failure analysis need to be dealt wth, and any

reconmendation for how that process should occur.

MR.  PHI LLI PS: Ckay. In the area of design
i ssues, which begins on page 41 of Exhibit 9A | see
ei ght reconmendations and |I'd like to spend just a

mnute wth recomendation nunber 9, which is at the
bottom of page 41.

And it reads: "Ensure the capability of the
Boeing 737 lateral control system to provide adequate
directional control 1is <clearly denonstrated throughout
the airplane operating envelope after these failures
unless they are shown to be extrenely inprobable by the
nost rigorous nethodology available.”

I"d like to talk about a couple of different
elements of that recomendation.

You're asking the SACO which is the Seattle

Aircraft Certification Ofice, to carry out this
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recomrendat i on. Is there sonething in your studies
that indicated that the lateral control system could
not provide adequate directional control throughout the
airplane operating envel ope?

That's the first part of that recomendati on.

THE W TNESS: well, first off, as a
consequence of review of the failure analyses, we did
ask the question of has there been a denonstration wth
regard to controllability of the airplane as a
consequence of any failure that resulted in a fixed
rudder position.

And this led us to also looking at the sane
situation in the simnulator. And | Dbelieve information
provided by the Boeing Conpany indicated that certainly
at sone point an operating envelope, including the
configuration of the airplane, there may be limted
authority from the standpoint of the lateral control
system dealing with a full rudder deflection as |imted
by blow down or as limted by the aerodynam c |oads on

a rudder.
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And | nust qualify that in either case, from
the standpoint of failures not shown to be extrenely
i mprobable, we felt -- well, of course, if you can show

-- let's say a probablistic analysis shows that a full

rudder deflection is limted by the aerodynam c |oads
is not -- or is an extrenely inprobable event, then it
would no be necessary to denonstrate. But for those

that are not, we feel that it was reasonable to expect
that controllability of the airplane be denonstrated.
And what | nean by controllability is that
not only can | continue to fly the airplane but | can
maneuver the airplane to a successful safe |anding.
And so we didn't feel that in our review of the failure
anal yses that this was occurring. And | nust say again
that having |ooked at another airplane series, the DGC
9/MD-80, there was a simlar situation where it was not
denonstrated with regard to the controllability and
continued safe flight of the airplane was denonstrated
apart from a failure analysis says that it's okay.

And that having |ooked at sone conditions, it
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wasn't necessary to look at all conditions.

MR, PHI LLI PS: The last part of the
reconmendati on states: Unless they're shown to be
extrenmely inprobable -- which you' ve just referenced --
find the nobst rigorous nethodology avail able.

That would be in terns of the 737 the new
requi renment. You said earlier that the extrenely
i mprobable was not consideration for failure for the
certification of this airplane.

THE W TNESS: That was not the an original
requi rement but Boeing has developed the analysis and
has presented that information to the Seattle Aircraft
Certification Ofice and they are reviewing that data.

MR, PHI LLI PS: So the probability or
probablistic analysis of the failures has been done by
Boeing and is being reviewed by the FAA at this tinme?

THE W TNESS: That's correct.

MR.  PHI LLI PS: And is the requirenment for
that -- is there a new regulation or sonething that

drives that or is that just a request on the FAA's
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part?

THE W TNESS: I think it's a response -- a
feeling of responsibility to show the FAA that what
Boeing had determned was an acceptable situation was
i ndeed acceptable from a probablistic standpoint.

Yes, we did ask for the information, but |
feel it was -- Boeing can answer it for thenselves.

MR.  PHI LLI PS: Ckay. W will have other
people testify about that this week.

When do you expect the review to be done by
the FAA and made public or available?

THE W TNESS: There are a nunber of
reconmendations to which Boeing has responded to as far
as providing the FAA data and we had received that
data, | believe, as late as OCctober. | believe it was
around the 20th of Cctober. And it is our goal to have
a review of that data conplete by the 30th of Novenber.

MR.  PHI LLI PS: The 30th of Novenber of this
year ?

THE W TNESS: O this year. Yes. ["m sorry.
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MR.  PHI LLI PS: WIl there be sonme kind of
report made on that or is that just an internal review?

THE W TNESS: It's not clear to ne exactly
how we mght fornmally dispose of the recomendations.
Right now my task is to continue to track the
di sposition of the recomendations and the consequent
action by the FAA In fact, it is identified in the
docunent, | believe in the lead in to section 15, where
the CDR team has a responsibility to continue to track.

My hope is that formal closure of the
recommendations wll occur from the standpoint of any
requirements for mandatory action or that the submtted
anal yses and/or response from the nanufacturer is

accept abl e.

MR.  PHI LLI PS: Is the team still working
together? Is it still assenbled or available?

THE W TNESS: It's available. And it's ready
to take any action necessary. W, like | said, have

this responsibility to continue to nonitor the

di sposition of the recomendations.
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MR, PHI LLI PS: Is there a process set up to
get closure on the recomendations simlar to the NTSB
system to say that the reconmendation closure was
acceptable or wunacceptable to the team for the work
needed to be done, alternative actions required? 1Is
there a formal process?

THE WTNESS: No. W have not fornalized
t hat .

MR, PHI LLI PS: Is there any plan to do
anything like that?

THE W TNESS: Well, personally | have a
concern of maybe a lack of closure and continuing
di scussion with no real termnation. Again, | believe
as responsibility indicated in Section 15, we'll
continue to press for sonme resolution to the
recommendat i ons.

MR, PHI LLI PS: Wio ultimately would have the
responsibility for seeing that the recomendation
effort, followup effort was conpleted or needed nore

wor k?
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THE W TNESS: That responsibility is the
Transport Airplane Directorate Mnager, M. Ron Wjnar.

MR, PHI LLI PS: And his office is in Seattle?

THE W TNESS: That's correct.

MR, PHI LLI PS: Just a couple of things in
cl osi ng. Did this CDR neet your expectations? As the
| eader, did you feel that you acconplished what you had
intended? Dd you need nore nmanpower? Just anything
generally in your mnd that suns up your feelings about
the adequacy of this effort?

THE W TNESS: | believe it was a good
pr ocess. It was good from the standpoint of the
inclusion of people outside the FAA for their input and
per specti ve. At the outset, we had said our
responsibility was the flight control system but we
elimnated the pitch axis. Qur focus was |ateral
control, directional control and those elenents, flight
control elenents, that affect that control.

And the reason for the elimnation of the

pitch axis, and | think we've identified that in our
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report, was it didn't appear to be inplicated in the
ref erenced accidents. Al though we did becone famliar
with it, we chose not to spend the anount of effort
necessary to review that thoroughly.

W felt although we were not directed to have
the report done in a certain anmount of tine, that there
was still an expectation it would be done pronptly.
And, of course, as you' ve asked questions in January,
"Where is the docunent?'" And | couldn't produce the
docunent . And we committed to having it conplete by

the end of April.

| feel secure in that judgnment still at this
tinme. The resources that we had | believe were
adequat e. The level of expertise | believe was
adequat e. You could always do nore possibly. In
retrospect, | think I would have loved to spend nore

time on a probablistic analysis as opposed to
rel egating the consequence review of that to sonebody
el se. I would have liked to have had the team spend

nore tine, having |ooked at the hazard assessnent, the
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gualitative approach to spend nore tinme |ooking at the
guantitative analysis and to mnake sone determ nations
relative to that.

As such, with sone let's say inplicit
constraint on how nuch tine was available and also just
the availability of these people to string them out
for, as it was, nore than six nmonths on this activity,
we just couldn't do as maybe a conplete a task as we'd
like.

MR, PHI LLI PS: The CDR process, did it |lead
you to think that the FAA needed to do nore CDR s on
other airplanes w thout the benefit of an accident
driving it?

THE W TNESS: I think any conprehensive in
depth review of an airplane's design, especially let's
say an airplane that's been in service for a nunber of
years, the subsequent experience of that aircraft is of
val ue. It not only reveals any deficiencies that we
m ght have in process but also things that may have

been overl ooked. And the closer you are to a project,
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possibly the nore apt you are to not spend the tinme and
| ook at sone of the details of events, whereas an
outside group as say the CDR team was, | believe that
process does give you mght say a second set of eyes
reviewing the sane information and possibly identifying
i ssues that have been overlooked and should be

consi der ed.

So | believe it's a valuable tool. Cbvi ously
in this case | think it has generated much val ue.
Unfortunately, it hasn't identified potentials as far

as the accident. Maybe it did. Don't know. But
not hing's concl usive. But it did identify things that
we can fix internally and areas that have changed
within our own regulations, our own interpretation
application, that should be fixed. W've learned a |ot
from the whole exercise.

MR, PHI LLI PS: | guess you alnobst answered ny
final question but ['Il ask it anyway. Did your review
find anything that would indicate a probable cause for

this accident or a lack of -- from what you' ve heard in
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earlier testinmony and your reviews of our materials, a
lack of direction or wunderstanding in finding the
accident cause for either accident, Colorado Springs or
Pittsburgh?

THE WTNESS: No. | can't say that we have,
unfortunately. I wish | could. One thing we did not
have in the event say we did sonething like this again,
to have the benefit of the accident investigation and
know edge gained would maybe help as well. I think the
intent of separating that and thinking that that would
be a good idea, | think at some point in tine would
have been well to becone thoroughly know edgeable of
what information was gained by the investigative part
of the effort so that there would be possibly a new
strategy that we could have taken in our analysis that
we nmay have not seen.

And so the benefit of the know edge could
have been worthwhile. W didn't really avail ourselves
of that.

MR, PHI LLI PS: That's all the questions |
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have right now unless you have sonething you'd like to
add as a closing comment or sonething that | my have
forgotten to ask that you'd like to answer.

THE W TNESS: The other elenment | mght add
is that in our review of the airplane and all failure
nodes and effects, we didn't see anything that required
i medi ate corrective action.

Wat | nean by that, and just want to make
sure it's wunderstood, immrediate corrective action in
our mnds was the requirenments to wite an
Airworthiness Directive as a telegraphic docunent
and/ or imedi ate adoptive docunent. It's not to say
that consequent to the review by the Aircraft
Certification Ofice that there may not be an AD. |
can't say that there won't be. But it's clear to us
that there is no need based on our know edge of failure
nodes and effects for any immediate corrective action.

MR, PHI LLI PS: That's all 1 have. Thank you
very rmuch.

CHAl RVAN  HALL: Very well. VW'll now nove to
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Wuld any of he parties who would like to
guestion this wtness please raise their hand?
| see FAA. | see the Air Line Pilots

Associ ati on. | see Boeing.

W'll begin at this end of the table with M.
John Purvis, Boeing Commercial Airplane G oup.

MR PURVISS M. Zelinski, a lot of the work
occurred at Boeing during your review process. I's that
correct?

THE W TNESS: That's correct.

MR.  PURVI S: Did the Boeing people that were
involved and the conpany fully cooperate with your CDR
team and make available to the team all of the
information and data that you requested?

THE W TNESS: That's correct.

MR.  PURVI S: Also, there's an exhibit that
was added recently. It's 9X-N, if you have that. It's
the Executive Sunmary. I"'m not sure that was |isted

for his because it
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py of it.

near the end.

as Slide 10. | don't

those pages are actually nunbered.

CHAI RVAN  HALL:

MR.

PURVI S: I

hat direct page.

THE W TNESS

| eft

MR.

cor ner?

PURVIS: M.

CHAI RVAN  HALL

No, they

aren't.

have a viewfoil of that, nade

Could we use this?

Wul d t hat

Chai r man,
since --

Yes. The

MR PURVIS:  Ckay.

CHAl RVAN  HALL: You want
up. This is Exhibit Number 9X-N
as SA-510. It's a Critical Design

be Slide 10 in the

would it be

re's no problem

to put it up, put it

It's in the docket

Revi ew Executive

Summary and we have up on the viewgraph one of 12

sl i des

10.

t hat

MR.

are with this presentation. This is Slide

PURVI S: First of all,

nmy question would
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be did the CDR team also prepare the Executive Sumary?

THE W TNESS: Yes, it did.

MR. PURVI S: On that slide there are sone of
the points you ve talked about. The first one: The
737 neets all certification requirenents. And | guess
you can read them down, about some that you just talked
about .

No design defects were identified that would
require inmmediate corrective action. I think you just
hit that one.

And earlier you talked about: No scenarios
identified that would explain either of the accidents.
I think you touched on that, at |east on 427.

Do you agree with those?

THE W TNESS: Yes, | do.

MR.  PURVI S: And the last one: 27
reconmendati ons were nade. This is a sumary of the
report to enhance already safe design of the '37 and
improve the certification process.

Is that agreed to by the team also?
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THE W TNESS: Yes.

MR PURVI S: I have no further questions.

CHAl RVAN  HALL: Verywel | . W'l nove to the
Air Line Pilots Association.

Capt ai n?

MR LeGROW Thank you, M. Chairnan.

| guess it's afternoon. Good afternoon, M.
Zi el i nski .

THE W TNESS: Good afternoon.

MR, LeGROW Just a couple of questions.

First of all, in your testinony, you
testified the Boeing 737 and its derivatives were
certified in 1967. Is that correct?

THE WTNESS: No, it's not. The 737-100, 200,
| believe, was 1967. The 300 and on, 400 and 500
ai rpl anes, began certification in '84. Boei ng could
clarify the specific dates.

MR, LeGROW But they used the sanme criteria
as the 1007

THE W TNESS: It wasn't identical. From the
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standpoint of those changes that were nmade to the
airplane, certainly had to neet the current level. So
with the incorporation of the CF-56 engine as opposed
to the JTAD. There were certainly structural changes
that needed to satisfy the current anendment |[|evel at
the tine.

| believe there were also introduction of
certain system changes. Again, it had to neet the
current amendnment |evel. But those things that were
unaffected by the introduction of the newer nodel, it
was not required that they meet the current anmendnent
| evel . And | can't recall. There may be -- and |
bel i eve Boeing could expand upon that. Boei ng may have
volunteered to neet higher anendnent |evels in certain
t hi ngs. It's not clear to ne. Maybe M. Purvis could
review that.

MR, LeGROW Could you tell us whether the
lateral and yaw control capabilities of the airplane
had been changed in the 300, 400, 500 series airplanes?

THE W TNESS: Capability?
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MR LeGROW Wre there any changes to the
| ateral and yaw controls of the two airplanes?

THE W TNESS: The yaw danper did change from
the standpoint of its authority. | believe there were
three authority levels of the yaw danper on different

nodel s. Again, Boeing could be nore specific to that

i ssue.

As far as throw authority, hydraulic system
potential inpact, | don't recall. There was a ground
spoiler nodification, possibly. | don't renenber.

And of course, there were sonme changes to the
leading and trailing edge on the 300 relative to the
100 or 200 airplane.

So there were sone changes. W did not see
any significant -- anything of significance with regard
to authority if you're looking at directional versus
| at eral .

MR LeGROW Are you famliar with the
certification criteria of the 7777

THE W TNESS: I was ant involved in that

CAPITAL HILL REPORTING |INC
(202) 466- 9500



10
11
12
13
14
15
16
17
18
19
20

1575

certification.

MR, LeGROW If you would, would you please
refer to page 17 of Exhibit 9X-A?

CHAl RVAN  HALL: Is that exhibit page 17?

MR LeGROWN Page 17 as marked in the
exhibit, M. Chairnman.

THE W TNESS: This is the Critical Design

Revi ew?

MR LeGROW Yes, sir.

THE W TNESS: Ckay.

MR LeGROWN | refer you to -- in results, B
results, paragraph 2. Could you explain to us exactly

what is nmeant by that |ast sentence?

THE W TNESS: This was a consequence -- that
is, the basis for the statenment in this paragraph was a
consequence of our exercise in the Boeing engineering
si mul at or . W did look at wvarious conditions, this
being one, where you had a rudder hardover for the
condition of flaps 190 knots. The pilot response was

required to present entering the inverted flight regine

CAPI TAL HILL REPORTING |INC
(202) 466- 9500



10
11
12
13
14
15
16
17
18
19
20

1576

at a high altitude and speed.

In our exercise, we realized that if the
pilot did not -- and again, this is the rudder hardover
full deflection as limted by the aerodynam c | oads.
If the pilot did not get on the controls and the speed
regime, there was much difficulty.

MR. LeGROW Wuld you just for ny benefit, |
guess, define precise pilot control? |I'm not sure |
understand what is neant by precise pilot control.

THE W TNESS: Were is the word precise pilot

control ?
MR, LeGROW It would be the last --
THE WTNESS. Oh, okay.
MR LeGROWN -- sentence in paragraph 2.
THE W TNESS: The slow and required precise
pilot control. Ckay. | was the observer -- was an

observer of the exercise, not being in a cockpit but
outside the cockpit as far as the sinulation. W had
two FAA pilots that were exercising the test plan and

my best recollection as to what they neant by precise
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pilot control is with regard to the pitch and not
utilizing the pitch axis much in the recovery. That
is, pulling the stick back too far.

MR LeGROW Ckay. Thank you.

I'd like to refer to page 21 of the sane
docunent, pl ease. In paragraph B, the last sentence,
specifically. It starts: Since full rudder hardovers
and/or jans are possible.

Could you explain to us exactly what the
nmeaning of that sentence is?

THE W TNESS: Qur hazard assessnent or |
should say our review of the failure analysis provided
by the Boeing Conpany. W |ooked at failures of the

rudder and that is, the rudder is then left at sone

defl ecti on. In the mnd of the two pilots that had --
1 should say one was a full-tinme nenber. One pilot was
a full-time nenber. The second one was only utilized

with regard to the sinulation exercise.
But the pilots felt that it's possible. W

didn't examne the probability at this tinme and that's
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-- 1 think earlier, | wuld have liked to have spent
nore tine in reviewing failure analysis and
probabilities. But at that tine, the pilots on the
team felt that there is a possibility in their judgnent
that there could be a rudder hardover. And therefore,
the remainder of the sentence, alternate neans for
control, et cetera.

MR, LeGROW Wen M. Phillips was
guestioning, vyou referred to probabilities. And |
think you used the word extrenely inprobable as you
referred to failure analysis. Is that correct?

THE W TNESS: Yes.

MR LeGROWN Was | correct in understanding
that a billion hours was what you used to describe
extrenely inprobable?

THE W TNESS: The Advisory Circular 251309. 1A
speaks to the extrenely inprobable event as one tines
10 to the 9th negative. So that you're looking at the
potential of one in a billion flight hours, for

exanmpl e, of sonmething occurring. And our
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reconmendation with regard to the denonstration of the
jans, failures, et cetera, not shown to be extrenely

i mprobable is along the lines of -- and considering
that if it is extrenely inprobable or if it's not
likely to occur in one in a billion, considering where
the fleet is today, that it's not an issue.

But for those failures where at sone
deflection it may be less than 10 to the 9th, that's
sonething that ought to be considered and | ooked at
from a denonstration standpoint.

MR LeGROW You woul dn't consider two
failures in five years 10 to the mnus 9th then?

THE WTNESS: No.

MR LeGROWN Thank you.

Al so, one last question. During your

sinulator tests at Boeing, when were those tests

conducted? Do you recall approxinmately?

THE W TNESS: Vell, we initiated our exercise
in October of '94. | believe it was prior to Christnas
that we had the exercise in the sinulator. The
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docunent may have a date in it.

MR, LeGROW So the data used for this
docunent, for the CDR used the data from Boeing
subsequent to the tests that were conducted this past
Fall at Boeing and at Atlantic Cty?

THE W TNESS: Ri ght. Their nodel, their
aerodynam c nodel as it existed at that tine.
Certainly didn't have the benefit of the recent
i nformati on.

MR LeGROW So the data that the CDR team
collected was using the nodel prior to this Fall, the
test this fall at Boeing?

THE W TNESS: That's correct.

MR LeGROW Thank you, M. Chairman. I have
no further questions.

CHAl RVAN  HALL: Thank you, Captain.

M. Donner, wth the Federal Aviation
Adm ni stration.

MR. DONNER: Thank you, M. Chairnan.

Just two questions, M. Zelinski.
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You talked about service difficult reports
sonetines not containing a great deal of information.
Do they contain enough information that should the
engi neer want to contact the operator for nore data he
would be able to do so?

THE W TNESS: I think by all neans, if
there's any indication of concern. And the lack of
clarity in the SDR, it's a responsibility of the
engineer to find out nore. If there's any doubt or
suspicion that there's a safety issue, it certainly
turns on a process that begins to investigate it
further.

And yes, there should be an effort, wthout a
doubt, to obtain nore information.

MR.  DONNER: Ckay. And one nore question.
Concerning the NTSB representative on your team was he
considered as full a tine player as any of the other
representatives?

THE W TNESS: Yes.

MR. DONNER: Back at the beginning of your
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testinony you asked for a date on Advisory Crcular
251309. 1A The current date that | have on yours is
6/ 21/ 88.

Thank you, sir.

CHAl RVAN  HALL: Thank you.

W will nove back. The Chairman forgot to
call on the Technical Panel to see if there were other
guesti ons. And | understand M. Haueter has a couple
before we nove to the front table.

MR. HAUETER: Thank you, sir.

Just a couple of clarifications. When the
300 series was certified, was a probability assessnent
done of the lateral or directional control systens?

THE W TNESS: There was -- | don't recall
there being a review of that system

MR. HAUETER: Well, of either systens,
lateral or directional.

THE W TNESS: Let's see. There was a change
to the hydraulic system as far as A and B and the

punps, engine driven punps and electrical punps. |
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i npact on the analysis.
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reference to a nethodology that was used as it applies
to the thrust reversers and concerns that we had wth
regards to failure assessnments of thrust reversers.
And we felt that was a good exanple of the approach
that ought to be taken.

The critical of the situation certainly
required a rigorous approach. And in light of let's
say the recent developnent of a very involved, conplex,
conprehensive analysis |like the thrust reverser should
be the approach taken by the nmanufacturer as well as
t he ACO

So, | think what it's expressing is a |evel
of concern. W want to make sure that when sonebody
says this is extrenely inprobable, the basis for that
is done with nuch rigor and support and it's not |just
an engineering judgnent that it's okay.

So, enough said.

MR. HAUETER: To followup, would you
consider the current certification regulations for a

brand new design would follow a simlar nost rigorous
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net hodol ogy avai |l abl e?
THE W TNESS: Wll, nmy hope is that it would.
I think the experience of what we've been through --
and it's been a lot with regard to the '37 and trying
to identify cause -- that we feel we nust be nore
thorough in our approach to failure analysis, and

particularly as it affects the flight control of the

ai rpl ane.

MR. HAUETER: One last question. Based on
sone of the new findings, like from the flight tests
that have been nentioned and things like that, is there

any consideration to having the team get back together

and reevaluate your findings and plans?

THE W TNESS: Not at this tine. I think
those findings are -- there's still sone maturation
required of that and | believe it will be up to our

managenent as to the incorporation of these findings
and the need to go back and review what we've done,
does this have any inpact, et cetera.

| believe it certainly behooves us to assure
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ourselves that any new data doesn't cause any nore
concern. At least to that extent we should do that.
That's ny personal opinion.

MR. HAUETER: Thank vyou, sir.

CHAl RVAN  HALL: Very well. W'l nove up to
the front table.

M. dark?

MR. CLARK: The 737-300 was certified in 1984
or the basis was establish. Specifically in the area of
the rudder package, did any of that certification basis

change at that tine?

THE W TNESS: I believe the only nodification
was in rudder trim It went from nechanical to
el ectrical. | believe that was the only significant

change in the rudder.

MR CLARK Dd the FMEA change at that tine
for that particular area?

THE WTNESS: No.

MR CLARK No new testing was required of

the rudder package either?
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THE W TNESS: Not as | recall. I think we
need to nake sure we're clear on terns. The failures
nodes and effects analysis to sonme people neans
sonething and a hazard assessnment also neans sonething.

They portray different approach, or | should say one
is nmore qualitative and the other is quantitative. The
hazard assessment that we had |ooked at, the
qualitative hazard assessnent would not change with the
introduction of the 300.

MR. CLARK Wen you were at Boeing, were you
involved in the certification effort in the rudder
syst enf?

THE W TNESS: Wen | was at Boeing?

MR CLARK Yes.

THE W TNESS: I was involved with -- | guess
going back quite a few years. What did | do? Okay. |
remenber. It was in '66, | believe. I was involved
with the determination of |anding performance and stall
speeds. That's right. Stall speeds on the 737-100-200

ai r pl ane. I did not get involved in flight control
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apart from stall characteristics.

MR, CLARK: In your review during the CDR
did you address any of the issues of wusing a single
rudder or a single rudder package and how that played
out in the certification effort?

THE W TNESS: Single rudder package? Are you
meaning -- what do you nean? The power control wunit or
the cables?

MR CLARK The rudder PCU.

THE W TNESS: W identified some concerns
with regard to design function. W identified sone
potentials for latent failures and those are qualified
in the single failure tables in the docunent. But from
a design concept, we thought it was a very sinple,
unconpl i cated approach to directional control.

MR CLARK Did you have any discussions
about the dual concentric servo valve or whether that
provided a redundant feature and how that affected or
was brought into play in the certification process?

THE WTNESS: Oh, we had heaps and gobs of
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di scussi on about the dual servo valve. First off,
understanding how it works, trying to get that under
our belt. And then the potentials for any kind of jam
or failure node that could subsequently wth the next
failure result in an uncommtted rudder.

W, as | say, identified the possibilities in
our docunent. | believe Boeing in their subsequent
analysis on the rudder certainly addresses that as far
as the probabilities of occurrence, et cetera. That
data has been delivered to the Seattle Aircraft
Certification Ofice to review and establish whether or
not it's applicable and that the probabilities that
they used are appropriate.

But | nust say we did spend a fair anount of
time trying to understand its function and potenti al
for failure.

MR. CLARK: Did the group draw any
conclusions about wusing a dual valve as a redundant
feature in a system or would that be considered a

single point failure?
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THE W TNESS: No. W did not consider the

dual spool valve as a design issue from an approach

bei ng taken. We thought the concept -- we had no
problem with the concept. It was nore of what kind of
failure nodes mght exist. But we felt that the

redundancy of the valve from a design standpoint, along
with the standby rudder was an acceptable approach.

MR CLARK You say it was?

THE W TNESS: Was. Is.

MR CLARK Did you attenpt to review any of
the prior history, the basis or the thought process
that was going on in 1965 when this system was being
certified?

THE WTNESS: Ch, well, that was a little
nmore difficult. 1 think Boeing was even hard pressed to
tell us sone of the history of why did you take this
appr oach. | believe maybe we have a better
understanding today after having asked the question a
nunber of tines. But we didn't challenge the approach

taken by Boeing as far as the design is concerned.
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MR. CLARK: | believe you, within the
sinmulator effort, looked at flaps 1 configuration, 190
knots, as related to rudder hardovers. Did you |ook at

any other speeds or configurations in that regard?

THE W TNESS: Yes, we did. W | ooked at
approach configurations. W | ooked at the higher
speed, higher altitude conditions. There's a test plan
in the docunent in one of the appendices that fully
outlines it. I think it was over 50-sone odd
conditions that we |ooked at. VW wanted to make sure
we covered the event condition but we wanted to nmnake
sure at the sane time that there were no anonalies in
any other part of the flight envel ope.

W feel we'vemade a fairly legitimate review
of the envelope with regard to flight control.

MR, CLARK Ckay. Thank you.

CHAI RMAN  HALL: M. Marx?

MR MARX: Yes. | just have a few questions.

I understand that the review was done on the

standby rudder conponents also and that you had nade a
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recommendation dealing with galling that occurs in the
beari ng?

THE W TNESS: That's correct.

MR MARX: And | believe that's
Recommendati on 14.

CHAl RVAN  HALL: That's on page --
Recommendation 15? On page 43 and page 44 of the
exhi bit.

MR MARX: Yes. That's page 15, Exhibit
Nurmber 9X-A, isn't it?

What is your understanding of the --

CHAI RVAN HALL: M. Marx, you mght tell us
what galling is before you lead off into this.

MR MARX: It's novenent between two parts
that produces wear and friction and causes a material
transfer between conponents.

I just wanted to get some understanding of
what it is that -- how this galling affects the main
PCU or the yaw danper and uncommanded novenents. Do

you understand how that -- how this galling could do
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t hat ?

THE W TNESS: Wll, if you approach galling
from the standpoint that there's a potential for
grounding of the input, that could inpact the control
of the rudder. I think nore of a concern here for us
was that it's an alternate neans, in the event of a
loss of a hydraulic system that the alternate neans is
preserved. Alternate neans being in this case a
standby rudder along with the remaining hydraulic
system Standby rudder PCU, that is.

So | think our concern was nore from the
standpoint that if it's an alternate means, contributes
to flight control of the system it ought to work. |If
there's a problem with it, it ought to be fixed. As
opposed to that this has a potential for being
grounded; therefore, could have sonme ultimate inpact on
uncommanded rudder novenent.

MR MARX: So it's only as if it's used as a
standby unit?

THE W TNESS: Ri ght . And one of our
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recommendations, | think, is to exercise the standby
system which apparently is not the case except at
certain intervals.

MR MARX: Was consideration given to the
fact that the galling could occur and affect the nmain
PCU and cause unconmanded novenents into the main PCU?

THE W TNESS: well, if the galling results in
essential grounding of the input to the standby and you
have a yaw danper input, there's the potential, |
believe from the failure analysis, to possibly get nore
than three degrees of yaw danper authority. But it's
not nuch nore. Boeing can correct me on this, as
regards to their failure analysis, but from it being in
itself an wunsafe condition, | don't believe we' ve taken
that position with regard to this other than it's an
alternate means. And therefore, the alternate neans
if there's a problem ought to be corrected.

This, | believe, is identified in our
docunent from the standpoint of if there's no alternate

nmeans for flight control, there should be a concerted
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effort to make sure that it works and that the
resulting utilization of that control 1is acceptable.

MR. MARX: Thank you.

If we had galling that causes a -- | don't
know what word you've particularly used in this
i nstance. A freezing of the conponents. That would be
a single failure? That would be sonething that we
could observe?

THE W TNESS: Ri ght . I think this would be
sonething that Wrner Koch, M. Koch, could further
expand upon as far as issues or concerns about the
galling of the standby.

MR MARX: Ckay. | guess |'ve got to ask
sonebody else that question.

Vell, would you consider a freezing of the
standby rudder, followed by a freeing of it as a |atent
failure or a primary failure or single failure?

THE W TNESS: It freezes, then it wunfreezes?

MR MARX: Yes.

THE W TNESS: I think the duration for which
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that would be undetected is fairly short because there
would be -- again, either Boeing or M. Koch could
further expand upon that. As far as the inpact on
flight crew nmaking an input, certainly the yaw danper
could continue to function but as far as flight crew
trying to nmake an input, they would certainly be

i mpacted by grounding of the standby rudder.

MR MARX: Well, would you consider galling
to be a design defect?

THE W TNESS: If it occurs. What woul d be
the other cause? |Is it design related? 1Is it not
design rel ated?

MR MARX: I noticed that you indicated there
was no design defects that you could find that would
have anything -- 1 don't renenber what the specific
words that you used.

THE W TNESS: Vell, let's clarify that. |
think it's imediate corrective action. What t hat
neans is that the defect that we see is a safety issue

that nust be corrected now. And the way to do that is
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to wite an airworthiness directive that says if we
found that galling was indeed a safety issue that could
cause -- would prohibit continued safe flight and

| anding, that an AD would cone out the door

i mredi ately. But we do not see that in this category.
MR MARX I just have one final question and
it has to do with -- do you know what the FAA has done

in regards to this particular reconmendation or should
| ask sonebody else?

THE W TNESS: Well, we asked Boeing to fix

MR MARX I nean, has there been anything
done so far? Has Boeing conme back with a design to
change it? Has the FAA inplenented --

THE W TNESS: | believe --

MR MARX: This is dealing wth
Recommendati on  15.

THE W TNESS: Uh- huh. See, Boeing provided a
response, | believe md-Cctober. Said that no nandatory

action is required. But | believe they are initiating
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an effort to correct the problem

MR NMARX: I have no further questions.
CHAI RVAN  HALL: | just want to try and
understand one point. Did you say that galling per se

is a design defect?

THE W TNESS: I don't know what other
mechani sm mght cause it to occur. If it's not design
related, | don't know what other nechanism there is to

cause it to occur.

CHAl RVAN  HALL: | ask again. You' re saying
that it doesn't require inmediate corrective action
t hen. It's a design defect that you identified that
does not require inmediate corrective action?

THE W TNESS: That's correct.

CHAl RVAN  HALL: Ckay.

M. Schl eede?

MR. SCHLEEDE: Yes, sir.

M. Phillips asked you questions, several
guestions, regarding the 1960's failure analysis that

was used as a basis for the certification of the
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the resolutions was for the flight crew to turn the A &
B system off. Are you aware of that particular action
itenf

THE W TNESS: Vell, there's a nunber of
failures that it was suggested that the flight crew
could take that action. But whether or not that
procedure -- 1 can't speak to whether that action item
was indeed incorporated into any procedure or crew
training.

MR.  SCHLEEDE: You can't recall or did your
team determ ne whether it was or --

THE W TNESS: Yes. As with a lot of teans,
you know, one person doesn't do everything and we have
a pilot. W had a systens specialist. W had people
specializing in continue airwrthiness from the ops and
mai nt enance side. And so the way we structured our
approach to this is that we divvied up the workload.

In ny hesitation, you mght ddetx -- does
this guy know what he's talking about. But ny

recollection of the team nenber that had the
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responsibility to review the action itens was that --
and those action itens that we did review, there was no
connect between the failure analysis and the
docunentation that says it's intuitive or it's
incorporated into an operations manual or a flight
manual .

And that was enough evidence for us to nake
the recommendation there mnust be a process that
properly disposes of these action itens.

MR. SCHLEEDE: Ckay. And | renenber you
di scussing the process itself, but help ne understand
if in fact the original basis, failure analysis that
was used in the certification, had an action item that
was to be resolved by a flew crew action and there was
no procedure or no training for that. Did your CDR
team make an assessnent as to what to do with that kind
of an iten®

THE WTNESS: No, we did not. W identified
t he issue. W told -- in our docunentation. W asked

Flight Standards to review flight crew training
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requirements in consideration of the failure analysis
and action itens. And we asked that the Transport
Directorate consider the incorporation of 251309 a
requirement to develop a process.

So from the standpoint of -- okay, what did
we do with the 737, it was to task the Flight Standards
organi zation to look at these action itens and |ook at
training prograns to see if the action itenms is
warranted as far as its incorporation into any kind of
training syllabus.

CHAI RVAN  HALL: And your team did not
consider this was sonmething that required imediate
corrective action?

THE WTNESS: No, it did not, other than the
recommendations that we nmade in the docunentation.

MR, SCHLEEDE: So, I'm still trying to
understand it here. The airplane was certified.

Several things were used to certify the airplane. And
part of the basis for that certification is the failure

anal ysi s. Is that correct?
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THE W TNESS: That's correct.

MR. SCHLEEDE: So if there's an item in
there, whether it's probable or inprobable or whatever
that says jam in a dual servo valve or in the hydraulic
system that causes a hardover and the resolution of
that is flight crew turn off the hydraulic system and
there's no procedure in the flight crew manual or
training on that, does that neet the certification
basi s?

THE W TNESS: No assessnment was nade that the
flight crew wouldn't do that. And we identified the
issue to the Aircraft Evaluation Goup who's got the
responsibility for crew training. W've identified the
issue to the Aircraft Certification Ofice with regard
to the issue and we left them with the responsibility
to review those action itens.

The fact that the crew does or doesn't take
that action, | think is one that involves a nunber of
el enents, operations and engineering to assess. First

off, there's a lot of responses from flight crew
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relative to failures. That is not a training issue.
And sonebody has to make a judgnment that the crew will
or will not do this particular action, in this
particular environment for this particular
configuration, flight, et cetera. And having nade that
judgnent then and asserting that it's not an intuitive
response then, and if it's inportant to accepting the
analysis, if the flight crew does not acconplish this
action, does this result in a -- is there a safety of
flight issue.

So, we could not make -- there was nothing in
place to nmke that analysis. And so we said sonebody's
got to do this. That's why there are like three
recommendations in our docunment that says this is
sonething that's fallen through the crack. Let's be
honest about it and deal wth it properly. And we did
not ourselves go through that process of creating
sonmething that could then nmake the judgnent as to
whether or not the flight crew will or wll not respond

in the particular way that Boeing assumed or presuned

CAPI TAL HILL REPORTING |INC
(202) 466- 9500



10
11
12
13
14
15
16
17
18
19
20

1605

in their failure analysis.

MR. SCHLEEDE: Ckay. Thank you. Just one
nore area of follow up. When you nentioned the
recommendations, | know M. Phillips asked you sone
guestions on that and it wasn't clear. Wwo is the one
person or organization responsible for the close-out of
t hese recomrendations?

THE W TNESS: Wll, it got initiated by the
Transport Airplane Directorate and it wll get closed
by the Transport Airplane D rectorate.

MR. SCHLEEDE: And | know you nmentioned sone
of them Are there any of them closed?

THE W TNESS: | believe there is -- there's
been a response and the developnent of an issue paper
relative to what normally encountered neans. We' ve
identified what <criteria believe are appropriate. |
believe Boeing has nodified the naintenance and
i nspection procedures with regard to rudder cables and
we believe that's appropriate.

Those are the only two | see closure at this
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MR.  SCHLEEDE: Did you testify that you are
individually or your team is consulted on these as
they're <closed? |Is there a formal process for vyour
team or yourself to review these and the closure?

THE W TNESS: There's been a Ilul in the team
activity from the standpoint of getting the ball
rolling, so to speak, from the office responsible. In
this case, the Seattle Aircraft Certification Ofice
requesting information from the Boeing Conpany and that
bei ng returned. It has now been returned.

And yes, we wll be involved. In fact, |
know that sone of the team nmenbers have been contacted
already with regard to response from the Boeing
Conmpany. So, yes, we are involved in that process of
assessing that response and what we're going to do
about it.

MR.  SCHLEEDE: Thank you very nuch, sir.

CHAl RVAN HALL: M. Laynor?

MR. LAYNOR M. Zelinski, just a couple.
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I"d like to get clarification on a couple of issues.

First of all, the original FMEA, | understand
an original FMEA was provided by Boeing as part of the
certification process in 1967. Is that correct?

THE W TNESS: As part of the certification of
the airplane, Boeing provided a failure analysis,
qualitative failure analysis with regard to single
failures and this was done prior to certification. |
don't know exactly when, but certainly it wasn't before
the airplane was certified.

MR, LAYNOR And | was asked to clarify FNEA
failure nmode and effect analysis.

Presumably, your team reviewed that analysis
that was provided at that tine. Did your team find any
failure nodes that were not considered in its review?

THE W TNESS: | can't recall. Wre there any
doubts? What we did -- I'Il tell you what we did do.

W |ooked at every failure analysis
docunented by the Boeing Conpany in support of the

certification of the airplane. | don't recall any
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failure node where we identified the |ack of any
analysis, other than the need for a probability
assessnent of the rudder as opposed to a qualitative
assessnent.

MR.  LAYNOR Al right. My next question was
were there any probability studies provided along wth
the original «certification failure analysis?

THE W TNESS: A probablistic assessment at
the tinme?

MR.  LAYNOR A probability assessment.

THE W TNESS: Not that |1'm aware of. The
docunentation that we |ooked at was a qualitative
failure analysis in support of the certification
program There may have been, but at least in support
of the 1967 certification of the airplane, | don't
recall seeing any probablistic assessnent. Certainly
there was, as the airplane was nodified and the
introduction of later nopdels, 300-400-500 airplane,
that the changes in sone cases were assessed from a

probability standpoint.
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MR.  LAYNOR I"'m trying to get clear in ny
own mnd whether the original certification in 1967 was
based on inprobability of failure or control of the
airplane by alternate neans in the event of a failure.
THE W TNESS: The devel opnent of a
probablistic assessnent is a consequence of engineering
judgnment. It's a logical approach to determining the

hazard associated with failure, single and nultiple

failures. | believe -- 1 personally believe that
engi neering judgnent -- in essence, when you say |'ve
| ooked at this failure, 1've looked at this failure in

conbination with other failures, and it's ny belief
that the probability of this wthout nunbers is
i nprobabl e, whatever that neans.

And we've lived that way for a long tinme in
the construction and devel opnent of airplanes. It was
a lot based on what engineering judgment resulted in.
Consequently, we've learned a l|lot of things. CQur
dat abase has grown wth regard to transport category

ai rpl anes. And we now can approach it nore rigorously
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from the standpoint of probability of failure. But

that's not to discount the use of engineering judgnent.
You have to look at it this way. | can

di scount a probablistic analysis based on ny

engi neering judgnment, but | also can discount ny

engi neering judgnent based on an probablistic analysis.
| use both tools. | use them both. | use

the analytical techniques in conjunction with ny

know edge of the failure nodes and effects, ny

know edge of other conparable systens of simlar

design, ny know edge of service experience of other

aircraft.

So it's not an end-allthat extrenely
i mprobable neans this. I made the calculation;
therefore, it's acceptable. That's not enough
necessarily. | still may require the failure to exist

-- to occur, and look at the consequence response.
W have sone considerations for certain
nmechani sns that although they're shown to be extrenely

i nprobable, we still would like the failure to occur
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So we're not

probablistic

judgnent as to is there a safety condition or

concern.
MR.

bit wondering

certification

the aircraft

the consequent result.

assessnment but use it

LAYNOR: That still

about ny original question.

-- the acceptance of

as a tool

| eaves ne a

Was
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al ways driven solely by the

to nake a

little

t he

safety

the certification of

based on the assessnent of the

certification authorities that the failures were
i mprobable or was it based on the assessnent by
certification authorities that the airplane could be
controlled by alternative means in the event of a
problem area, or do you know?

THE W TNESS: Ckay. Let me try agn

MR.  LAYNOR well, --

THE W TNESS: It's both. Ckay?

MR LAYNOR  Ckay.

THE W TNESS: An analysis was nade, a
gualitative assessnent rmade. There may or may not have
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been an alternate neans of flying the airplane. But
because of the renote nature or the inprobable
occurrence of this failure coupled with that in the
judgnent of the people that have the responsibility for
maki ng the judgnment, said it was okay. In sonme cases,
there is no alternative. In other cases, there are.

Each failure, ach failure in conbination
with another failure is a separate assessnment. You
judge them individually. And there's real danger in
making a -- we're going to do it this way and ignore
other opportunities for assessnent.

Does that help? |I'm sorry if |I'm not getting
to the --

MR.  LAYNOR A little bit.

THE W TNESS: Maybe there's sonebody else who
could answer that.

MR.  LAYNOR Wll, let nme ask it another way
to try to clarify it in ny own mnd. Was is a fully
defl ected unconmmanded novenent of any of the flight

control surfaces considered as a failure that was not
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i mprobable during the point of certification?

THE W TNESS: Not i nprobabl e.

MR.  LAYNOR Maybe we can pursue that with a
later w tness.

THE W TNESS: In our discussion of the
failure analysis in the rudder, there were many failure
considerations, nost of which the failure resulted in
not a fully deflected rudder. | believe there were one
or two occasions -- and M. Kullberg could talk to that
with regard to consideration for a rudder being fully
def | ect ed.

The consequence of that in that original

failure analysis was that the lateral control system is

sufficient to deal wth that deflection. So in that
case it was not -- 1'd have to go back to Dick and
you'll have to answer that, Dick, but | can't recall

the qualification of whether or not that particular
case was an inprobable consideration. But | do recall
the reference to the lateral control system as being

adequate to deal with the issue.
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MR, LAYNOR If the Boeing 737-300 had been
certificated to a new type certificate in 1984, would
the requirenents for the flight control systens have
been different than having been grandfathered back to
the '65 type certificate?

THE W TNESS: | believe we'd see sone
significant differences. Yes.

MR.  LAYNOR Could you describe any off hand?

What considerations would be given to a new type
certificate?

THE W TNESS: Not being a designer and ny own
opinion, there probably would be an attenpt to maybe
design a system like they did in the 57-67, | would
suspect, because that's about the sanme time period that
those airplanes canme into existence and | believe the
concepts, the conceptual approach applied to the 57-67
in consideration of the current regulatory anendnent
level, would have dictated a different design. | woul d
think it would be not a whole lot different than 57-67.

MR.  LAYNOR But you can't be specific --
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THE W TNESS: What those differences are?
MR.  LAYNOR -- regarding what considerations
woul d be given today to that design? And again, we

mght be able to pursue that with a later wtness.

THE WTNESS: No, | can't. I'm sorry. |
can't.

MR.  LAYNOR In considering recovery by
alternative flight controls, | think one of your

recommendations is need for a better definition for
what kind of pilot response would be considered. Am |
interpreting that correctly? Do you feel like there's
a -- your team felt like there had to be a better
definition for a pilot response that would be
acceptable response to a flight control system failure?
THE W TNESS: I wonder if you could be a
little nore specific. There's a couple of things we've
said about pilot response in various recomendations
but it's nmore inplicit than it is explicit.
MR.  LAYNOR I don't have the reconmendation

nunber right at hand but | thought that one of the
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recommendations that | saw in here was the need to --
nunber 2? Is this recomendation 2 that you're talking
about ?

THE W TNESS: Yes. A better definition.

CHAIRVAN HALL: That's Recommendation 2 on
page 39 of the exhibit.

THE W TNESS: Ckay. This recomendati on rust
be taken in context with Recommendation Nunmber 1,
alternate nmeans of flying the airplane. | believe the
driver in this particular case was the lateral control
system

Any event that there is a jam of aileron in
consideration of what's normal, normally encountered --
here we go again, you know, what's normally encountered
-- that when utilizing the alternate nmeans, in this
case it would be continue to control the airplane
|aterally through the aileron transfer mechanism

And depending upon the degree, that is, how
much of a jam there is, therefore, how nuch aileron has

been deflected, would dictate how much control force
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requirenment is on a pilot that is now using the aileron
transfer mechani sm

In this case we, in our simnmulator exercise,
did look at a nunber of scenarios where the jam
occurred half full wheel and therefore the need to fly
the airplane through this mechanism And the force
required was high. And we wanted to nmke sure that all
the folks, that is, the certification people, were
aware that these nechanisns, these alternate devices as
a general category, as opposed to specifically the
transfer nechanism in the case of the 737, that when
using an alternate nmeans for flying the airplane it
shall not require exceptional pilot skill and strength.

And we believe -- did nake sone reference to
FAR Part 25.143 as far as the tenporary and prol onged
forces as a neasure of what mght be considered
sonet hing beyond what a normal pilot mght be expected
to provide.

MR, LAYNOR So there are response tinmes and

how nmuch of an unusual attitude that could devel op
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before response is taken. That's all taken into
consi deration there?

THE W TNESS: VWll, in this particular
recomrendati ons, the response tinme wasn't so much an
issue as much as it was pilot strength and skill. The
response tine, | think, is later on in Recommendation
19. That's on page 45, where we are recomendi ng that
in this particular case, the 37 flight crew training
program ensure the use of proper procedures for
recovery from flight path upsets and flight crew
awareness regarding loss of airplane performance due to
flight control system nalfunctions.

What's behind that is the proper procedure is
a time issue. Recognition is an issue of the failure
event proper responses and this awareness of |oss of
ai rplane performance. What's behind that is in our
exercise in the sinmulator, we |ooked at spoiler stuck
up and a failure node where that mght occur and the
consequent |loss of airplane performance was rather

dramati c. And | think what we're seeing here is that
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that realization of that l|oss of performance is of

si gni ficance. And if that were to occur, the flight
crew should be aware of the high sink rates that may be
associated with it.

Does that help?

MR.  LAYNOR Yes, sir. Thank you. And in
considering such response or standards for
certification based on pilot response, do you believe
that operation on the autopilot at the initial event
should be considered?

THE W TNESS: The operation of the autopil ot
as a --

MR.  LAYNOR As it mght mask an initial
recognition of an event?

THE W TNESS: Wll, it's certainly a
consi deration, wthout a doubt.

MR.  LAYNOR Let me ask one |ast question,
and it happens to be the next recomendation,
Recommendation 20 on page 46. You don't have to refer

to it but it discusses the overhaul of flight control
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conponents by persons other than the PMA and original
part certificate holder.

Can you briefly sunmarize what the teams
findings and concerns were regarding replacenent of
flight control system conponents by people other than
the original manufacturer?

THE W TNESS: Ckay. Let's take 20 and 21
t oget her. "Il speak to both of them

There are elenments within the flight control
system that we've let say put into the category of
prinmary. That is, if these elenents were not properly
mai ntai ned, repaired and returned to service, we'd have
sonme real concerns. What's going on here is that we
certainly do allow a construction of parts, that is,
PMA can produce parts for replacenent into flight
control systens but there's also an opportunity for
others to possibly create these parts as part of their
SFAR 36 authority in the repair of, in this case, say a
primary control unit or part control wunit.

Qur concern was that if it's other than the
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PMA that is providing a replacenent part, we nust
ensure ourselves that the replacenent part is indeed
equivalent and we've identified that there is an
opportunity for that equivalence to not necessarily
occur.

That doesn't mean that it's an unsafe
condition but we felt, considering the critical nature
of some of these parts, that we need to be better
assured that when that part is constructed and
installed, that there's no conpromse as to the
performance function and safety of that particular
element in the flight control system

W are taking steps to nake sure that when
sonmething like that is done, that is, a repair of a
primary elenent in a flight control system is
conducted, that the construction of that repair elenent
is done with the assurance that it's design performance
is equivalent to what was originally certified.

And to nmke sure that happens, it's our

effort to require that an Aircraft Certification Ofice
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that is nonitoring an SFAR 36 operation, that when they
repair primary control elenments, flight control
el enents, that the design fabrication of the repair
part or the part that's to be installed as part of the
repair neets the sane standards as was expected for the
original certification.

For that to occur, let's say for exanple Los
Angeles is nonitoring or is providing surveillance
supervision of an SFAR 36 approval, that that office
will coordinate with say the Seattle Aircraft
Certification Ofice to assure itself that it has the
|atest information with regard to design, any
associated tooling, any acceptance test procedures, so
that we are assured that the consequent function of the
repaired part is equivalent to the original
certification.

That's a |ot. It's a lot of words, | know.
Maybe it's babble to a lot of people. But the point is
that there's stuff out there that we want to make

doubly sure that we have not conprom sed the safety of
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desi gn.
MR.  LAYNOR Ckay. Thank you very nuch.
CHAIRVAN HALL: M. Zelinski, you have been
up here a good anount of time and | am the |ast person
that will ask you questions. But let nme say at the
beginning | appreciate very nuch the tinme you ve taken

in responding to the questions of the Board of Inquiry.

And let ne thank you for the work of the
Critical Design Review Team Qobviously, that's | think
important work and inportant reconmendations. And |I'm
sure, given your background and qualifications, you're
to be conplinented for being selected to head that
t eam

I would like to just get into some sort of
basic matters. W or what initiated this team being
f ormed?

THE W TNESS: I think fundanmentally it's the
frustration of not being able to find cause with the
Pittsburgh accident.

CHAl RVAN  HALL: | guess -- was it the
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Adm nistrator or was it soneone else in the
organi zation that said we need to form this team go
form it?

THE W TNESS: The original suggestion cane
out of the Manager of the Seattle Aircraft
Certification Ofice.

CHAl RVAN  HALL: Very good. And the team was
organized and you were selected, nine individuals, and
given a charter. And | believe you said earlier that
you all had not becone famliar with the accidents and
one of the things that you, if you had to do the
process over, and we all -- hindsight is always 20/20,
that you would have wanted to becone nore familiar wth
the accidents.

And that just kind of left a question in ny
m nd because it seened to nme that if this was really
initiated because of these two accidents, why you all
weren't nore focused on those accidents.

THE W TNESS: Ckay. Let nme put it in

per specti ve. The reason for the separation was so that
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if you elimnated certain elenents, that would follow
suit. If the accident investigation said this is not a

consideration, don't bother with it, so therefore, why

continue to do the CDR in this area. But that wasn't
our charter. There still mght be deficiencies. They
may not be causal to the accident but they still would

be deficiencies relative to the flight control system
desi gn.

So we wanted to at |east start that process
where we were not part of the accident investigation.
W were looking at the design of the airplane
i ndependent of that. But at sonme point in tine, |
think now that we've conpleted the mjority of our
work, now | ook at what has been gained out of the
accident investigation to find out if there's another
strategy or other approaches that should be taken.

So it was to prevent a prenmature elimnation
of areas of investigation on our part that we kept the
two activities separate.

CHAI RVAN  HALL: Now, whose decision was that?
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Was that the teamls decision or was that the direction
that you received?

THE W TNESS: That's the direction that we
undertook the project.

CHAl RVAN  HALL: Very well. Now, on page 38
of this Exhibit 9X-A it says, as a result of having
conducted the Boeing -- and let ne ask first to lay the
groundwork for this. Wat date did you all conplete
and this docunent was submtted?

THE W TNESS: I'm sorry?

CHAl RVAN  HALL: What date did you conplete
your report and it was published? Was it April?

THE W TNESS: This docunent was conpleted
May 3rd, ' 95.

CHAl RVAN  HALL: May 3rd?

THE W TNESS: That's correct.

CHAl RVAN  HALL: And it says here, "As a
result of having conducted the Boeing 737 flight
control system critical design review, the team

believes there are a nunber of action itens that should
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be addressed by the Seattle Aircraft Certification
Ofice, the Transport Airplane Directorate Standards
staff, the Aircraft Engineering Division or Flight
Standards Service, as nay be appropriate to any
particular or all nodels of the Boeing 737."

And | think you then cane up with &a--
some 27 recommendations, as you say, that are nade to
enhance an already safe design of the Boeing 737 and
improve the certification process.

Now, this material has been in the hands of
those offices since My. Wen will we get a report
from them on the action they're going to take in regard
to your recomendations and who's the individual in the
FAa if you do not know, that we could address that
guestion to?

THE W TNESS: | believe the end responsible
person is the Transport Airplane Directorate Manager,
M. Ron Wjnar. The --

CHAl RVAN  HALL: But sone of these

organi zations are not under his control.
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THE WTNESS: No. But at the sane time, all
these issues emanated from his request, as far as the
charter of the organization and responsibility.

Al t hough recomendations nay have been an action item
for Flight Standards, they are still aware of the
responsibility to respond to M. Wjnar.

CHAl RVAN  HALL: Well, do you expect as the
head of this team to get a witten response to your
report or what type of response are you expecting to
get in regard to the recomendations that this team has
made?

THE W TNESS: My expectation is not for a
report to ne. My expectation is that the Aircraft
Certification Ofice, as managed by Don Rig-gin, wll
respond to M. Wjnar as far as the disposition of the
recommendat i ons.

CHAl RVAN  HALL: Vell, M. Haueter, let's see
if we can't get hold of this gentleman while this
hearing is going on and see if he can tell us when

there will be a response to these recommendations.
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MR. HAUETER: Ckay.

CHAIRVAN HALL: O, if M. MSweeny, who is
testifying later, can give us that information.

First of all, | applaud your work. Thi s
i nvestigation has consunmed thousands of taxpayer
dollars and thousands of dollars that are being
contributed by the parties in this investigation. And
if work is found, 1 think the public needs to know when
the work -- you know, if these recomendations have
been made, when we're going to see a report on the
recommendat i ons.

Just a couple of other things. You also said
that you all didn't look at the operational history in
regard to what the pilots | guess do. And yet in your
charter, it states here that you' re supposed to, in
developing the analysis, the team should assune the
worst case reaction of the crew to any nmalfunction.

Can you in layman's terns tell me what that
neans and how you were able to determne what was the

wor st case reaction?
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THE W TNESS: Wrst case reaction is a
judgnent from the standpoint of delaying the response
to an upset condition or in the event of, for exanple,
a feel spring as part of the feel system in the rudder.
W identified the potential for a spring being a
|atent failure. Now, that's arguable, in sonme cases,
that the pilot could detect spring failure, which would
nmean that there's reduced force requirenent on the
rudder pedals. But in sone cases it would not be.

So we felt the worst case is that it would
not be. And therefore, qualified the spring failure as
a latent failure. And | nust say that we were not
specific as far as degree of delay or how much of a
delay was taken in response to failure. What |I'm
referring to are the exercises we conducted in the
si mul at or. Flight crew response to -- that is, the two
pilots, FAA pilots that we had and how they reacted to
a failure being introduced.

In the worst case, they |ooked -- approached

-- they, the two pilots, approached the failure
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differently and it was the conservative approach that
we based our recomendations on.

Does that help?

CHAl RVAN  HALL: I think that hel ps. It was
just curious to nme that you wouldn't have |ooked at the
flight manual -- | mean, the pilot's manual for say
United and for USAir since those were the two accidents
that really initiated this special review in ternms of
seeing what the pilots were trained to do.

THE W TNESS: You nmean a possible wongful
response relative to their training?

CHAl RVAN  HALL: I'm sorry?

THE W TNESS: I guess |I'm still trying to get

a clarification. Are you talking about a wongful

response or -- a worst case response is not a wongful
response.

CHAI RVAN  HALL: Wll, | guess -- and |I'm not
an engi neer. I'"'m not a technical person. But in order
to determine a wong response, |'d think you' d first
want to know what the right response is. Does that
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make sense or not?

Vell, let's nove on.

You stated that you felt that it was good
that you all did this review and it provided a fresh
| ook at the design. Wen was this plane originally
certified? O <can you tell me when the failure
anal ysis docunent, what was the date? Wen was that
generated initially on the 7377

THE W TNESS: | don't know the date of the
docunentation. Boeing would have to provide that. But
it was prior to certification, wthout a doubt.

CHAIRVMAN HALL: And you have nentioned that

you all didn't look that nuch at the accident scenario.

Is that correct?
THE W TNESS: Not initially.
CHAl RVAN  HALL: | guess, again, when we talk
about all of this and the simulations of 190 degrees
flaps one, that was consistent with the USA r flight
427; correct?

THE W TNESS: Ri ght .
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CHAl RVAN  HALL: And how was that selected?

THE W TNESS: That information was readily
avai |l abl e. W thought we -- in naking sure that we're
covering the envelope, we certainly cover the event to
see if there are any anonalies there.

CHAl RVAN  HALL: And this team is still
t oget her ?

THE W TNESS: As required, to review
di sposition of the recomendations. Yes.

CHAl RVAN  HALL: Have you all been asked to
review anything?

THE WTNESS: Wat do you nean? Subsequent
to our final docunentation or sonething?

CHAl RVAN  HALL: Since May?

THE WTNESS: GCh, yes. I"ve certainly | ooked
at all the responses to -- what Boeing has provided.
I"ve funnelled the responses back to sone of the team
menbers. The one team nenber | have not worked with
has been the NISB representative.

CHAlI RVAN  HALL: Vell, one of the results that
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was on Slide 10 states that no specific scenario is

identified that could explain either of the accidents.
Could you tell nme how you cone with that result

wi thout |ooking specifically at the accidents?

THE W TNESS: Because the activity was so
closely you mght say affiliated with the accident, we
asked ourselves the question; based on what we know,
what information that we've gotten, even though we
haven't been involved in the accident investigation,

per se, we did have some access to sone of the

document ati on. W did look at the flight data recorder
i nformati on. W had to ask ourselves are we seeking
anyt hi ng.

Even though we weren't part of the
investigation, we felt we would be asked that question.
From what we knew at the tine, even though we weren't
part of the investigation, formally a part of it, did
we see anything that mght. And we felt we had to

answer that question.

CHAIRVAN HALL: M. Zelinski, 1 hope you
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understand the inconsistency |I'm having to deal wth
here in ny mnd. And | think -- 1 know that you all
have done the best job that you could do and there are
nine able people. But if we come up with a result that
says nho specific scenario is identified that can
explain either of the accidents, and then you say
earlier that you all wsh you had becone nore famliar
with the accidents, that leads nme to wonder how that
statenent could be nmade. Because | think that
statement does provide sone representation to the
public from the FAA that we've looked at this in |ight
of these accidents and we can't cone up with a specific
scenario that could explain either of the accidents.
THE W TNESS: It's not to say that any of the
deficiencies we identified aren't the cause. I think
what we're saying is the failures we |ooked at from
what we knew at the tinme and let's say our |[ast
snapshot of information was as of the end of April, we
couldn't identify anything that mght be causal to the

accident, based on the information we had.
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W felt we had to nmake the statement.

CHAI RVAN  HALL: You did not identify any
failures of the system that the flight crew could not
recover fronf

THE W TNESS: W have identified possible
failures where recovery is doubtful and | think we've
qualified that in the docunentation.

CHAl RVAN  HALL: And | assune that the team
would be willing to continue in light of the new
information that we have obtained from the wake vortex
tests? Cbviously, | know everybody works for sonebody
but the team would be glad, if their supervisors said
reassenble and go forward, to take a |ook at the
information that we got up in New Jersey?

THE W TNESS: Let me put it this way. The
team being exposed to the accident and being involved
in the COR would very nuch like to be involved,
continue to be involved, wthout a doubt. Ve wish we
could have found the problem

CHAl RVAN  HALL: Well, the Chairman wants
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anybody to be involved that feels like they can help
identify and put closure to this mtter. And certainly
if we could have a conversation with | guess M.
McSweeny when he's here and see if there's a continued
role that you all mght need to play as a result of the

extensive work that you have done.

Well, we have kept you up here a long tine,
M. Zielinski, and | appreciate, again, the work that
the team did. I think it's inportant. | appreciate

your candid and forthright presentation and response to
the questions.

W have run to 1:30 and that's past dinner
time in Tennessee. And so we'll take an hour and cone
back at 2:30.

(Wtness excused.)

(Whereupon, the luncheon recess was taken at

1:30 p.m)
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2:40 p.m)

W wll reconvene this Board

of Inquiry and would call the next

Koch,

Certification Ofice, Federal

Sout hwest Region, Dallas-

page.

)

Mechani cal Flight

Thank you, M.

(Wtness testinony continues on

Systens Engi neer,

Fort Worth,
Koch.
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466- 9500
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Avi ati on
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Adm ni stration's

Texas.
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WERNER KOCH, MECHANI CAL FLI GHT SYSTEMS ENG NEER
Al RCRAFT  CERTI FI CATION  OFFI CE, FAA- SOUTHWEST
REG ON, DALLAS-FORT WORTH, TEXAS

Wher eupon,

WERNER  KOCH,
was called as a witness by and on behalf of the NTSB,
and, after having been duly sworn, was exam ned and
testified on his oath as follows:

MR. SCHLEEDE: M. Koch, give us your full
nane and business address, please?

THE W TNESS: M/ name is Wrner Koch. [|I'm
located in Fort Wrth at the FAA Regional Ofice on
Meacham Boul evard.

MR. SCHLEEDE: And your position with the
FAA?

THE W TNESS: A certification rmechanical
systenms engineer there in the Airplane Certification
Ofice.

MR. SCHLEEDE: And briefly, what are your
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duties and responsibilities in that position?

THE W TNESS: Is to review nechanical systens
type data, approve that kind of activity with regard to
type certification projects, STCs, supplenment type
certification projects, type changes and so forth.

MR. SCHLEEDE: Could you briefly describe
your educational background that qualifies you for vyour
position?

THE W TNESS: My educational background is |
have a B.S. in ME from the University of Texas and a
MS. in ME from the University of Southern California.

MR. SCHLEEDE: Thank you very nuch

M. Phillips wll proceed.

MR.  PHI LLI PS: Good afternoon, M. Koch.

THE W TNESS: Good afternoon.

MR PHLLIPS: B.S in M, that's bachelor of
science in mechanical engineering?

THE W TNESS: Yes, sir.

MR.  PHI LLI PS: And naster of science in

mechani cal engi neeri ng?
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THE W TNESS: Yes, sir.

MR. PHILLIPS: How |ong have you been wth
t he FAA?

THE W TNESS: I"ve been with the FAA
approximately five years.

MR. PHI LLI PS: And prior to that, what did

you do?

THE W TNESS: Prior to that, the previous 16
years | was with Bell Helicopter in the Hydraulic
Design G oup. | led that group for about eight vyears.

I was an FAA designated engineering representative for
about 13 of those years. And prior to that, | was wth
E Systens as a design engineer for conponent suppliers,
hydraulic conponent suppliers.

MR, PHI LLI PS: So is it safe to say nost of
your career you've been involved in hydraulic conmponent
desi gn?

THE W TNESS: | believe that's right.

MR. PHI LLI PS: In your duties with Bell

before you canme to the FAA did you ever have specific
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design responsibility for hydraulic control valves,
actuation systens?

THE W TNESS: Yes. The Hydraulic Design
Goup that | was either in or led for a nunber of vyears
had that responsibility to provide the hydraulic
systems for the helicopters.

MR. PHI LLI PS: And inthat job you were
involved with testing of hydraulic systens and
procurenment specifications, things like that?

THE W TNESS: Yes. Design and the testing
qgqual i fications.

MR PHILLIPS: How about certification? Have
you been involved in certification of any aircraft?

THE W TNESS: Yes, sir. Yes, sir

MR. PHI LLI PS: For Bell?

THE W TNESS: Yes. For our commerci al

vehi cl es.

MR. PHI LLI PS: Wen you were selected for the
CDR team | realize that you cane sonewhere after the
program began. Could you tell us the tinme when you
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started and circunstances where you cane into the
group?

THE W TNESS: | was asked to join the group,
oh, 50 percent or better through the activity, to aid
or supplenent the hydraulic conponent and specifically,
actuator experience on the team

MR.  PHI LLI PS: So did you consider that vyou
were called in as an expert for hydraulics design for
the purpose of this review?

THE W TNESS: I was added to the team to
augnent or supplenent the experience of the team in
t hat area. Yes.

MR. PHI LLI PS: Wthin that team did any of
the other nenbers have any specific hydraulic design
experi ence?

THE W TNESS: | don't believe so.

MR. PHI LLI PS: Did any of them have, to the
best of your know edge, any prior experience in flight
control certification design?

THE W TNESS: I can't answer that.
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MR PHI LLI PS: Ckay. That's fair.

W've heard quite a bit of testinony this
nmorning from M. Zelinski. W don't want to repeat
that. But what | would like to do is go into sone
detail your role on the CDR team in relationship to
your expertise in hydraulic system conponents.

And to start that off, I'd like to ask what
kind of materials did you have to review the hydraulic
system design or flight controls design for the review?

THE W TNESS: | had sone training material, |
guess, that was provided by Boeing. I think | had sone
training material that was from one of the airlines in
both the flight controls and hydraulics. I was
provi ded sone background from M ke, of course, and
other team nenbers to bring ne up to speed. Plus folks
at the ACO in Seattle were very helpful, as well as, of
course, Boeing people in flight controls and hydraulics
that were hel pful.

MR.  PHI LLI PS: Did you review any failure

anal ysis or docunents provided by Boeing for failure
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anal ysi s?

THE W TNESS: | did go over sone of the
failure analysis but | tried to limt ny effort in the
hydraulic conponentry area.

MR PHILLIPS: M. Zelinski testified this
norning that engineering judgnment is an inportant part
of failure analysis. Fundanentals, anyway.

In your engineering judgnent, were those
anal yses that you |ooked at adequate to explain or did
they represent a reasonable failure analysis of that
conponent ?

THE W TNESS: | believe so. In general, |
believe that's the case. Yes, sir.

MR.  PHI LLI PS: And are we speaking
specifically of the main rudder power control wunit or
the rudder control systen?

THE W TNESS: The analysis that was provided.

And there've been some subsequent analysis provided as
a result of Boeing's response to our recomendations.

I've reviewed those. Just started to review those.
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And | know that's the Seattle ACO s responsibility to
address those initially, but | have started to |ook at
t hose. But | guess | haven't studied them enough to
totally absorb it all.

MR, PHI LLI PS: Is there a requirenment for you
to study those and get back with someone on what you
see?

THE W TNESS: I guess |'ve been asked to
review those and | intend to do that. | don't know |
have not been asked to respond to those officially.

MR, PHI LLI PS: So you were part of the team
that made recomendations in the package --

THE W TNESS: Yes, sir.

MR, PHI LLI PS: -- that happened near the end
of the work?

THE W TNESS: Yes, sir.

MR.  PHI LLI PS: In reviewing the materials for
the teamls work, did you -- were you provided any test
data from Boeing or from any other nanufacturers as to

performance on any of these conponents?
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THE W TNESS: Are you talking about the
gualification or «certification type or acceptance
testing on a unit to unit basis?

MR, PHI LLI PS: That would be part. More
specifically 1'd like to know was there any testing
done specifically at the request of your group? Did
you review any data for that?

THE W TNESS: | don't know that we -- that |
reviewed any data that we specifically requested of
tests to conduct.

MR, PHI LLI PS: ® there were sone engineering
simulations or flight sinulations done but the group
didn't ask for any other lab work to be done on any
hydraulic conponents or systens?

THE W TNESS: | don't believe so.

MR, PHI LLI PS: In your review, did you use

any materials from the accident investigation? Any

factual reports, anything Ilike that?
THE W TNESS: Yes. I did review sone of the
mat eri al . I guess the report that addressed sone of
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the testing that was done at Parker and at Boeing
facilities.

MR.  PHILLIPS: Did you participate or watch
any of the testing that was done for the Pittsburgh
accident at Parker or at Boeing?

THE W TNESS: Yes. At Boei ng.

MR,  PHI LLI PS: And what specific test was

t hat ?

THE W TNESS: The chip shearing test that was

conducted there sonetine in Decenber or January.

MR.  PHI LLI PS: And under whose direction was
that testing being done? Do you recall?

THE W TNESS: | believe that was under your
direction at that tine.

MR, PHI LLI PS: | recall that.

As you watched that test setup, what did you
believe the intent of that test was at the time, the
pur pose?

THE W TNESS: To determne the ability of

that valve in the rudder PCU to shear the largest chip
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that you could inject into that valve.

MR.  PHI LLI PS: Wiy were we concerned about
t hat ?

THE W TNESS: Well, that particular actuator,
the control valve in that particular actuator has a
limting aspect to it with regard to how nuch force you
can apply to clear a jam or shear a chip. And it was a
concern | guess not only of the team of the CDR team
but other principals also in the investigation, that
perhaps that mght be a limting condition. That is,
the force available to shear a chip mght be less than
what it would actually require to shear a chip of the
| argest magnitude that you could ship into this valve.

MR  PHLLIPS: So, did you see -- let's talk
a little bit about that limtation to the chip shear
capability.

Can you briefly describe to us what you
understand creates that Iimtation?

THE W TNESS: Yes. The rudder PCU is what we

term in industry an integrated actuator. That is, it
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accepts both nmechanical inputs from the pilot's pedal
as well as electrical inputs from the yaw system And
as a result of that, there's summng linkage in that
unit and springs associated with this for redundancy
and also for just inplenmentation of it.

Consequently, when a pilot input is applied
that exceeds a certain level, these springs back off
and the energy actually goes into conpressing a spring

rather than noving the valve.

So it's the unique design. It's not -- the
rudder PCU, | don't want to give the inpression that
it's a unique design, but it is a design. Because it's

typical of many other integrated actuator packages that
have been designed and they're successfully being used.
But the inplenentation of that is such in that wunit
that at a certain level you do limt the anount of
force you can apply to clear a jam in the nmain valve.
MR, PHI LLI PS: Wuld that be a design
consideration for the nmanufacturers or the engineers to

specify a mninmum anount of chip shear capability?
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THE W TNESS: I would think that would be the
customary way you would control that. Yes.

MR, PHI LLI PS: Do you know if this package
has such a requirenent in any of its draw ngs or

speci fications?

THE W TNESS: | don't know that.
MR.  PHI LLI PS: In chip shear, you observed
the testing. Do you recall the test setup

specifically?

THE W TNESS: Yes, sir.

MR.  PHI LLI PS: Could you give us a rundown
exactly what that test, bench test |ooked Iike?

THE W TNESS: It was basically the actuator
setup with the valve nodified to be able to insert
various materials into the orifice. The input was

powered with a pneumatic cylinder through a force

transducer. I don't recall exactly how that pneumatic
system was set up. | think they had -- this was
conducted in a Boeing -- 1 forget the nane of the Ilab
t here. But anyway, in a Boeing facility.
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MR, PHI LLI PS: The HAIab?

THE W TNESS: Yes. But the pneunatic
actuator was used to apply force through the force
gauge to the input, and consequently into the valve.

MR.  PHI LLI PS: Did the fact that the
pneumatic force was driving that chip shear test, would
that have been any different -- the outcome been any
different if it had been a hydraulic force or
electrical force?

THE W TNESS: Not in ny mnd. No.

MR.  PHI LLI PS: And | think, if you recall, we
-- during the testing, we held the secondary spool
fixed and then we inserted a portion through to the
primary and then sheared it with the primry.

Wul d holding the secondary spool in the
fixed position affect the outcone of being able to
determne the effects of a chip sheared in the prinary
and secondary interface?

THE W TNESS: | don't believe so.

MR.  PHI LLI PS: Did you see any attenpt to

CAPI TAL HILL REPORTING INC
(202) 466- 9500



10
11
12
13
14
15
16
17
18
19
20

1655

| ook at the secondary servo valve housing interface
chip shear capability in that test setup?

THE WTNESS: No.

MR, PHI LLI PS: As far as the selection of
materials to shear, did you see the process or how the
chips were selected or manufactured?

THE W TNESS: I think the selection of a
material was nade prior to ny joining the team but they
were -- just observing while the pieces were inserted,
it seened a correct and reasonable way to do that to
me.

MR, PHI LLI PS: How did they insert these
chips into the orifice? Do you recall?

THE W TNESS: Mechanically with -- by hand or
tweezers, | Dbelieve. The orifices are small and
consequently the material that was inserted into these
orifices was of a small nature.

MR, PHI LLI PS: Do you recall what the results
were of inserting these various chips into the orifices

and shearing then®

CAPITAL HILL REPORTING |INC
(202) 466- 9500



10
11
12
13
14
15
16
17
18
19
20

1656

THE W TNESS: In general, yes, sir.

MR, PHI LLI PS: And specifically, did you see
the valve -- did you see it not shear or shear pieces
of material?

THE W TNESS: There was one material that --
well, to back off just a little bit. The idea was to
apply up to 40 pounds or 44 pounds. And if it didn't
shear at that level, we would back off. And only one
of some 10 or so -- there was only one of those 10 or
so specinmens that didn't shear in less than the 40 or
44 pounds.

MR, PHI LLI PS: Was there any effort to
examne the interfaces to see if there were markings
for proof that a jam had existed or markings?

THE W TNESS: Yes. The valves were exam ned
after the chip was sheared after each one of the tests.
These were individual tests that were designed to
shear these individual specinmen material. And in all
cases, | believe, we were able to detect obvious

rollover of the land where the shearing took place.
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experience and judgnent,

valid indicator of the chip shear

servo valve assenbly?

t est ed.

THE W TNESS: For

Yes.

MR PHI LLI PS:

So based on

1657

your engi neering

woul d you consider this test

Let's talk a

-- while we're talking about the serv

capability of the

the configuration that we

little bit about

o valves and the

spools, let's talk a little bit about a phenonenon
called silting.

Are you famliar with the term silting?

THE W TNESS: Yes, sir.

MR, PHI LLI PS: Could you describe it for ne,
pl ease?

THE W TNESS: Well, in an engineering
environnment, | guess, we use the term silting as it
applies to small particle,; perhaps sub-mcron

particles as opposed to

t est ed

the large pieces that we've

in our previous discussion here.

These snmall mcron -- snall
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particles tend to or can tend to be driven if a
condition is such by differential pressure across the
annulus of a spool and sleeves valve and can cause,
depending on what the clearance is in this valve,
depending on the pressure, differential pressure across
the land, for instance, can cause sone increase in
friction of this valve.

MR.  PHI LLI PS: That's silting? Ckay.

THE W TNESS: Yes. That's ny crude
definition of silting. Yes. It has a lot of -- it can
happen in a lot of ways but that's certainly one way
and probably one of the nore frequent ways that silting
does occur.

MR, PHI LLI PS: Ckay. So if | back up a
little bit and sinplified it, maybe we could call it
smal |l particles. You said sub-micron small particles
in fluid that a lot of them build up and do sonething
to the valve and increase the friction or forces on the
valve at the land face?

THE W TNESS: Yes, sir.
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MR.  PHI LLI PS: At the land edge.

Is silting generally evident in your
experience in valves? Can you disassenble a valve,
test a valve, to indicate that silting has been a
factor in that valve's operation?

THE W TNESS: Whether it has been a factor?

MR.  PHI LLI PS: Has bee.

THE W TNESS: | can't say that positively.
No, Sir.

MR.  PHI LLI PS: Do you know of any test that
can be done that would indicate a valve's been silting
or operating in silting conditions?

THE W TNESS: Whether it has previously been
involved in a silting condition?

MR.  PHI LLI PS: Yes.

THE W TNESS: I don't know off hand. No,

MR.  PHI LLI PS: In silting, in the fact that
it affects the friction forces as you' ve described them

in the spools, the interfaces of the spools, is the
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manuf acturer of the spools, the lands, critical to
whether silting is a problem or could be a problenf

In other words, the underlap and overlap
condi tions?

THE W TNESS: | believe, and just based on ny
engineering judgnment and ny |limted experience, |
believe that an overlap valve mght have nore of an
increase in friction resulting from silting than an
underlap configuration.

MR.  PHI LLI PS: And why would that be? In an
underlap valve, then, if you have a snall gap that
exists at the neutral position, does the flow around
the land allow that to clear itself?

THE W TNESS: In an underlap condition -- in
an underlap valve. Yes, sir.

MR, PHI LLI PS: Do we have underlap or overlap
conditions in this spools of this servo valve of the
mai n  PCU?

THE W TNESS: Yes. | believe the

specification requires a slight underlap on the prinmary
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valve and then a slight overlap of 2-1/2 thousandths on
the secondary.

MR,  PHI LLI PS: So on one part of the system
it's underlapped and the other part it's overlapped?

THE W TNESS: Yes, sir.

MR.  PHI LLI PS: Wuld it be evident and based
on your know edge of this package, would it be evident
to a nechanic or to a pilot that a valve has -- silting
has happened or it's caused friction forces to increase
between the spools?

THE W TNESS: Not to ny know edge, | don't
bel i eve.

MR.  PHI LLI PS: Did you make any
recommendations in your report in regards to the
operation or the design of the servo valve

specifically?

THE W TNESS: | believe we nade nention of
the limted jam clearing capability of this actuator
and that's included in one of the tables, | believe.
And | believe it's Recomendation 4. And also 12 and
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13 addresses it.

MR, PHI LLI PS: In your engineering judgnent
and your review with the CDR team could you have
recommended to the CDR team any additional testing to
add to your recomendations or clarify the work that
you've done after the fact with sone hindsight?

THE W TNESS: | believe that in hindsight |
m ght have reconmmended sone additional testing wth
regard to this silting activity. And part of that,
Geg, is sinmply because we haven't found the snoking
gun. And | think that ny philosophy is that you' ve got
to do sone testing.

MR, PHI LLI PS: So you've got sone concerns
about the potential for silting? You think it needs to
be | ooked at?

THE W TNESS: | believe so. And it's partly
as a result of we haven't found anything else. I think
that mght be one of the logical steps to proceed wth
further.

MR.  PHI LLI PS: Ckay. W'l nove along from
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that right now

In your review we heard sonme discussion
earlier today about galling relative to the standby
rudder power control wunit and the input shaft and
beari ng. Did you examne galling or the effects of
galling on the system in the CDR?

THE W TNESS: Yes.

MR, PHI LLI PS: Did you nake any
determnations as to how it would affect the systen?

THE W TNESS: Yes, | think we did. W
observed that, and as a result of that galling, what
the effect mght be. Yes, sir.

MR, PHI LLI PS: And what do you think the
effect would be if you found a galled input shaft

beari ng?

THE W TNESS: W're talking about the standby

actuator?
MR, PHI LLI PS: The standby. Yes.
THE W TNESS: Well, there are any nunber of

scenarios, | guess, Geg. Certainly one condition is

CAPITAL HILL REPORTING |INC
(202) 466- 9500



10
11
12
13
14
15
16
17
18
19
20

1664

that it sinply galls at the surface neutral position.
And if that's the case, there's very little effect
other than increase in pilot pedal force with regard to
a nechanical input.

Now with regard to a yaw input, that's a
different story. Now the surface is going to nove.
And how much it nobves depends on what the anplitude of
the yaw danper signal is.

MR, PHI LLI PS: Do you have any kind of
feeling whether or not a galled standby rudder input
shaft could cause a full rudder deflection in this
ai rpl ane?

THE W TNESS: | believe it's possible if the
pilot doesn't react. I think the analysis that Boeing
provided indicates that it takes pilot reaction in
terns of a fairly significant anmount of pedal force to
prevent that.

MR, PHI LLI PS: Was this analysis provided
after the CDR recommendation or was it before or --

THE W TNESS: | believe there was sone
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provided prior to, but it was ny understanding at the

time -- and again, | entered the activity on this team
rather late, but in retrospect, it turns out that

Boeing had done -- 1 thought initially it was just an
analysis and | was concerned about that. But it turns

out that they had conducted sone test prior to that and
established what the spring rate in that system was

that would allow the pilot to overcone an issue of that
t ype.

MR.  PHI LLI PS: Do you know of any other
conditions that would cause the rudder on this airplane
to fully deflect with or without a pilot comand?

Let's do the without a pilot command to start with.

THE W TNESS: Any other being beside a rudder
j anf?

MR.  PHI LLI PS: That woul d be one.

THE W TNESS: I nmean a standbyudder jam

MR.  PHI LLI PS: Ri ght .

THE W TNESS: Vell, of course, the dual

concentric valva,jamin both of those in one
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di rection.

MR, PHI LLI PS: Wuld jam in either one
individually cause it to run away hardover?

THE WTNESS: No, no. Not with the pilot's
i nput .

MR.  PHI LLI PS: As part of the flight 427
acci dent i nvestigation, the systens group conducted

sonme testing relative to positioning primary and

secondary spools of the servo valves at extrene limts

of their travel. Are you aware of that testing?

THE W TNESS: Yes, sSir.

MR, PHI LLI PS: Have you |ooked at that data?

THE W TNESS: Yes, sir.

MR, PHI LLI PS: Could you briefly describe
what you saw as the intent of that test?

THE W TNESS: I"'m not sure what the intent
the test was. I wasn't a party to that. | just
observed the results in the report.

MR, PHI LLI PS: And to refresh your nenory

just a little bit, 1 believe that the tests were
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conducted by holding the primary and secondary

i ndependently or at different tinmes at full travel
positions, or estimated at full travel positions,
neasured full travel positions and then neasuring the
residual pressure differential. What would that tell
an engineer? Wat would that test nmean?

THE W TNESS: Vell, it told me that the
orifices that were available under those conditions
were not equal between the primary and the secondary
and the differential pressure or residual pressure that
was neasured was sinply the resulting pressure when
you're looking at -- running fluid at 3,000 psi through
a series of orifices and you pick off the pressure at
these various junctures.

MR, PHI LLI PS: What would the result be to
the rudder or to the pilot?

THE W TNESS: | believe there was one
condition where it would -- | guess this was with the
secondary position hardover where there was a

significant anmount of residual pressure which would
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tend to offset the rudder.

MR.  PHI LLI PS: Dd the CDR team do any
testing or do any kind of review of residual pressure
differential tests or anything?

THE WTNESS: No, sir.

MR.  PHI LLI PS: Was there any discussion of
that in any of the failures analysis that you reviewed?

THE WTNESS: No, sir.

MR PHI LLI PS: Is it a valid engineering
practice to look at things like that? Have you done it
before or seen people do that?

THE W TNESS: | personally haven't |ooked at
that specific issue. I"'ve worked with dual concentric
tandem control valves but they were always of a
slightly different nature. This issue didn't quite
appl y.

MR PHI LLI PS: Is this servo valve unique in
any way to a dual tandem concentric servo that you've
seen before?

THE W TNESS: It's different than what we use
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at Bell Helicopter, for instance, but it's not
different than what's used other places in the industry
but I'm personally not famliar with them

MR.  PHI LLI PS: As part of your CDR team work,
| see that you nmde sonme field trips; one to Parker?

THE W TNESS: Yes, sir.

MR.  PHI LLI PS: Could you tell ne a little bit
about that visit and what you learned on that trip?

THE W TNESS: It was primarily to gain first
hand information on the details of that actuator since
I was thought to be the expert on that effort wth
regard to the CDR team to get the first hand
information, talk to the designers, exactly how the
design was arrived, who did the design and exactly how
it worked, the various ratios to determne -- one of
the things that | wanted to determine for sure was what
the jam clearing capability was precisely.

And then also, observed the manufacturing of
this control valve. It was a famliarization trip

primarily.
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MR. PH LLI PS: Did you |ook at any valves
being tested that had been returned from manufactures

or operators?

THE W TNESS: Yes, sir.

MR,  PHI LLI PS: And could you -- do you recall
the test nethods that were used?

THE W TNESS: Parker has an ATP. It's an
approved ATP which they use.

MR.  PHI LLI PS: And an ATP is a --

THE W TNESS: Acceptance test procedure.

It's a test procedure generated by the OEM and probably
approved by Boeing, but that each serial nunber, each
delivered unit or each overhauled unit is tested to.

MR,  PHI LLI PS: And the rudder PCU assenbly is
tested separate from the servo valve. Did you see the
two separate tests being conducted?

THE W TNESS: | believe I -- yes, | did
witness parts of this, yes. Certainly not the whole
t hi ng. | didn't spent a great deal of tinme, but enough

to convince nyself that | thought the OEM was doing an
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effective job of providing acceptable wunits.

MR, PHI LLI PS: Is Parker the only
manuf acturer for the main rudder power control unit?

THE W TNESS: To the best of nmy know edge
they're the only -- | guess Boeing approved
manuf act ur er.

MR.  PHI LLI PS: Do you know if other people
have the authority to overhaul or repair the main
rudder power control unit?

THE W TNESS: Yes, sir.

MR.  PHI LLI PS: And who would that be?

THE W TNESS: The one I'm famliar with and
that |'ve visited the facilities is Fortner
Manufacturing and Engineering in @ endale.

MR. PHI LLIPS: d endale, California?

THE W TNESS: Yes, sir.

MR.  PHI LLI PS: And what do they do to the
part or what can they do to the part?

THE W TNESS: They overhauled the servo

val ve. They were in a position to do that based on
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their delegation by the FAA | believe.

MR, PHI LLI PS: So an operator can send his
servo valve to Fortner for repair and have it returned
to service and it would be an FAA approved part then?

THE W TNESS: Correct. And what ?

MR.  PHI LLI PS: It would be an FAA approved
part if they had been authorized to work on it?

THE W TNESS: | believe that's correct.

MR.  PHI LLI PS: The CDR report talks in sone
detail and we nentioned it briefly this norning,
Recommendati ons 20, 21 and 22, | guess, on page 46 of

Exhibit 9-A 9X-A And in regards to PMA approval of

non- OEM non-ori gi nal manuf acturers, is that a standard

in hydraulics design? In your experience, is approval

of non-OCEM nmanufacturers nornal, standard, expected?
THE W TNESS: I'"'m not sure.

MR.  PHI LLI PS: Are you aware that this servo
val ve does have nmatched primary and secondary spools?

THE W TNESS: Yes, sir.

MR.  PHI LLI PS: And would an CEM or would an
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SFAR 36 PMA approved facility have approval then to

manuf acture or remanufacture a set of spools?

THE W TNESS: | believe that they did have.
Yes, sir.

MR.  PHI LLI PS: Back on the subject of failure
analysis for just a little bit, in conducting failure

analysis based on probablistic materials, how does a
hydraulic designer when he initiates a new design, how
does he know how to calculate the chip shear capability
that he needs and how would you start out with a blank

sheet of paper in doing the right thing the first time?

THE W TNESS: | gquess if | were doing it and
had to determine what | wanted for jam clearing or chip
shearing -- 1 like to use the term jam clearing because
that's nore generic, | would indicate a force |evel
that | thought was sufficient to -- you know, based on

nmy experience and industry experience was sufficient to
clear |jans.
MR.  PHI LLI PS: But if your valve design

required two janms to happen, would that change your
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approach to that? Wuld you lower the |evel because
the probability of second jam would be |ess?

THE W TNESS: Again, ny personal experience
or ny personal preference, | guess, would be that would
not affect the |evel because of common cause failures.

MR. PHLLIPS: W've talked about a nunber
sonewhere around 40 pounds for this particular valve.
Do you have a feeling of what's an adequate or nore
adequate nunber for chip shear capability?

THE W TNESS: Again, it's very subjective
This configuration has flown 67 mllion flight hours
where |'ve been told that that has not been a problem
so | guess | can take that as a fact. But | qguess |
feel that's still a marginal level of force to be able
to clear a jam

MR.  PHI LLI PS: Does that operational
experience then, does that weigh heavily into this
engi neering judgment criteria?

THE W TNESS: Wll, it weighs in. Yes

MR.  PHI LLI PS: Could the possibility exist
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that there have been jans that have just been
undetected or haven't been found or comented on?

THE W TNESS: | don't know that.

MR.  PHI LLI PS: Wio would know that? Wbul d
that be -- how would we find out if wanted to ask that
guestion to the best source?

THE W TNESS: | guess sonebody that has that
experience or has conducted a test to that effect. And
| guess that mght even be a recommendation to do that.

MR.  PHI LLI PS: Could we rely on operators who
have overhaul capabilities and approvals to feedback to
us and let us know when they' ve seen jans? \Wuld that
be a valid source or wuld we need to go back to Parker
and Boei ng?

THE W TNESS: Well, certainly anyone who's
had that experience in the problem is getting sone
reliable data.

MR.  PHI LLI PS: And just a couple of things
here in closing. From your observations of the CDR

team did you find the effort worthwhile?
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THE WTNESS: Ch, vyes, sir.

MR, PHI LLI PS: Very productive?

THE W TNESS: Yes, sir. | thought it was
very productive. Yes, sir.

MR, PHI LLI PS: Have you ever been involved
with any other CDR efforts?

THE WTNESS: No.

MR.  PHI LLI PS: This is the first for you?

THE W TNESS: Yes, sir.

MR, PHI LLI PS: Wuld you recommend that CDR s

be done on other airplanes w thout the benefit of an
accident leading you into it?

THE W TNESS: A CDR or sonmething to that
effect if budget is available, | think would be
hel pful . Yes, sir.

MR, PHI LLI PS: Wre you satisfied with the

makeup of the tean? Did you feel like you needed

anot her hydraulics expert or fluids expert or anything

like that?

THE W TNESS: I thought the makeup of the
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team was adequat e. Yes, sir.

MR.  PHI LLI PS: And did you ever feel the need
to have any nore support from the accident
investigations? Did you need data that you weren't
provided or asked for?

THE WTNESS: No. | thought that we were
provided with anple data, as a matter of fact. It was
sonetimes nore than anple.

MR, PHI LLI PS: Do you have any
recommendations for continuing the investigation that
you can nake to the systens group as far as additional
areas you'd like to see based on your experience in the
CDR report? Anything you' d like to have us take a | ook
at?

THE W TNESS: Only in the area of continued
testing, perhaps, of that valve arrangement wth regard
to silting. And again, it's -- you know, it's sonmewhat
of a long shot but that mght be a place to |ook next.

MR.  PHI LLI PS: I have nothing else unless you

have sonething you'd like to add.
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THE W TNESS: I don't have anything else.

MR.  PHI LLI PS: Thank you.

CHAI RVAN  HALL: Any other questions from the
Techni cal Panel ?

M. Haueter?

MR. HAUETER: Excuse ne just a second. A
coupl e.

If there were a jam of one of the servo
valves, how could the pilot detect that or how would
you know the one valve had janmed?

THE W TNESS: Again, it depends on the
position of the jam whether it's in neutral or
har dover. If it's in neutral, mght be a little
difficult for the pilot to detect because he would
sinply detect a difference in max rate. In other
words, if wth both valves operating properly the rate
is full stroke in two seconds, with one jam at null,
the rate, max rate would be full stroke in two second.

MR. HAUETER: VWat if it jamed at soneplace
off null? Wuld that --
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THE W TNESS: Wll, in the 737 rudder PCU,
the valve is a dual tandem concentric but both the
primary and the secondary are used in normal operation.

In the helicopters or the ones that |I'm famliar wth

at Bell Helicopter, the secondary was essentially a
bypass configuration so that if, for instance, you had
a jamin the primary one, you used the secondary one to
bypass the effect of the first one.

MR. HAUETER: Ckay. Thank you very nuch.

That's all | have, sir.

CHAl RVAN  HALL: Questions from the parties?

| see the hand of the Air Line Pilots
Associ ati on. Anyone el se?

Very well, captain.

MR LeGROWN Thank you, M. Chairnan.

Good afternoon, M. Koch.

THE W TNESS: Good afternoon.

MR, LeGROW Just a couple of quick questions
along the sane line that M. Haueter was on.

You said that if you had a jam of one spool,
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that the crew would only detect it or it could only be
detected with a full throw Wuld you elaborate on
that a little bit?

In your view, would that be sonething that a
pilot in normal flight would be able to recognize?

THE W TNESS: | guess I'm limted in ny
ability to respond to that properly, Captain, because
not being a pilot. I can only tell you what | believe
woul d be the distinguishing characteristics. That if
he did try to nove it at full rate, that is as fast as
you can, that that rate would be linted after a
primary valve jam at neutral

MR, LeGROW Ckay. Thank you.

In M. Phillips'" questioning you said that
there were sone silting tests that were done, and in
your view and hindsight that perhaps nore testing could
have been done or should have been done

And ny question is how nuch input did the
menbers of this CDR team have in the tests that were

conduct ed?
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THE WTNESS: No. | don't believe there were
any silting tests conducted, nunber one. I think I
said that in hindsight -- if | said there were silting
tests conducted, | m sspoke.

MR LeGROW I msspoke the question. |'m

sorry.

THE W TNESS: Ckay. What | did say, that in
hi ndsight and after all this tine has passed and we
still haven't found the golden nugget, so to speak, it
may be tinme to get into areas like silting and do sone
testing.

MR LeGROW And ny question is how nuch
input were the nenbers of the CDR team given in the
tests that were conducted? In other words, were the
team nenbers -- did they have input in exactly what
tests would be conducted or would not be conducted or
is this sonething that was given to the nenbers before
the --

THE WTNESS: | think nost of that was done

in parallel with the CDR team effort. The accident
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investigation was done sort of in parallel. And I'm
not sure just how much input the team nenbers had to
identify what tests should be done and how they should
be done but there was sone, obviously.

MR LeGROW Along the sane lines, sir, it's
nmy understanding that everybody that participated in
the CDR were governnent enployees, either the US. or
Canada. Is that correct?

THE W TNESS: | believe that's correct.

MR LeGROW Do you think in just your
opinion that it may have been valuable to have people
from the private sector participating in the CDR?

THE W TNESS: | think&it's not for me to --
1 don't have any response to that. | was just sinply
pi cked as a nenber by nanagenent.

MR LeGROW Were you here for M.

Zielinski's testinony this norning?
THE W TNESS: Yes, sir.
MR LeGROW And M. Zelinski testified that

he felt it would be helpful to participate in the
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acci dent investigation. | guess ny question -- do you
think in your view that it would have been helpful to
have accident investigators participating in the CDR?

THE W TNESS: I think so. And we did have
one menber of the NISB on our team

MR LeGROW But he was a governnent
enpl oyee. He wasn't from the private sector.

THE W TNESS: That's correct.

MR LeGROW Thank you very nuch.

I have no further questions.

CHAl RVAN  HALL: No other questions from the
parties?

W'll nove to M. dark.

MR CLARK I think you said that you were
present when sone of the chip shear tests were done or
you witnessed the results?

THE W TNESS: Yes, sir.

MR CLARK Have you participated in that
kind of event before in your design work to do chip

shears, look for wtness marks?
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THE W TNESS: Yes, sir.

MR CLARK How extensive is your experience
in that area?

THE W TNESS: Li m t ed.

MR. CLARK: One or two designs? One design?

THE W TNESS: Yes. Yes. Were we at Bell
Helicopter -- this is sonething that -- just to
el aborate a little bit -- that's been done by several
conpanies to establish a chip shear capability.

MR. CLARK: From what you saw and what you
observed, would there be any changes or additions to
those tests that you would recommend or were you
satisfied with the extent of those tests?

THE W TNESS: | believe | was pretty well
satisfied with the extent of those tests. As |
indicated, | think those tests were valid for the test
conditions, for the hardware that we were using. |
think we had sone real good valid results.

MR. CLARK: They all nmade sense to you?

THE W TNESS: Yes, sir.
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MR, CLARK Ckay. Thank you.

CHAl RMAN  HALL: M. Marx?

MR MARX: Yes. I just have a few questions.

You were mentioning silting and | would Iike
to get your opinion on what you would expect to find if
you could look at those valves at very, very high

magni fications, what effect silting would have on the

val ve?

THE W TNESS: I don't know

MR MARX: Any physical changes?

THE W TNESS: I don't know

MR MARX: Marks or --

THE W TNESS: I don't know

MR MARX: And al so, you nentioned sonething
about -- | didn't quite follow when you were talking
about galling in the neutral position, it would have no
effect. Wuld it have an effect if it was outside of

the neutral position? This is on a standby.
THE W TNESS: Yes. | believe | stated that

if the standby actuator was galled at neutral, there
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would be virtually no effect from the nechanical inputs
from the pilot and he would feel sonme additional force.
Whet her that would be detectable or not, | don't know
But there would be an effect from yaw danper inputs
and the degree is questionable. I"'m not sure | fully
understand what would happen but we believe that it
would not be a mmjor catastrophic effect.

MR MARX Thank you.

CHAl RVAN  HALL: M. Schl eede?

MR.  SCHLEEDE: No questions.

CHAl RVAN HALL: M. Laynor?

MR.  LAYNOR Just one, M. Koch.

Wien you were addressing the subject of
silting, it's effect on the servo valve perfornance,
can you specul ate based on your experience of how the
yaw danper activity would effect the performance
change?

THE W TNESS: I"m not sure | wunderstand the
gist of your question, sir.

MR.  LAYNOR Well, the gist of ny question is
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if you have yaw danper activity in this valve, would
you not have nore or less frequent cyclic notion of the
valve spools wthin the housing?

THE W TNESS: Yaw damper activity would tend
to neutralize silting effects. Yes, sir. I's that what
you're asking? Yaw danper inputs would cause the valve
to cycle at whatever rate the yaw danper was applying
that signal and would tend to alleviate silting
ef fects.

MR.  LAYNOR Have you |ooked at any -- the
recording traces of Boeing 737 rudder activity to make
an assessnment whether you think that would have an
effect on the --

THE WTNESS: No, | haven't. No, | haven't.

MR.  LAYNOR Ckay. Thank you, sir.

CHAI RMAN HALL: M. Koch, it's nice to have a
wi tness whose accent | can understand very well.

(Laughter.)

Let nme --

THE W TNESS: Thank you.
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CHAl RVAN  HALL: Let me just ask you a
question or two. You came on the team you say |late?

And the individual you replaced, was he a hydraulics

person?

THE W TNESS: | believe that's correct.

CHAI RVAN  HALL.: The silting, you said the
silting needs to be |ooked at. How would you do that?

THE W TNESS: I haven't thought that out
t hor oughl y. I think | indicated that as a result of
the inpasse or the lack of a snmoking gun, | think that
m ght be a logical place to |ook next. And just how
you would inplenent that |I'm not sure.

| believe I would try to set up a situation
with that actuator or with oil from an operational

aircraft and leave it sone sort of a static condition
with it at full pressure, 3,000 psi, and let that
silting effect occur. That may occur for sone period
of tine. And then look at the forces it takes to undo
that silting effect. And do this a nunber of tines

just to get the feel of it.
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There may even be sone serendipitous results

as a result of this or -- and you'd go on from there.

As you learn from the initial test, then you would

proceed to the next step of it.

CHAI RVAN HALL: M. Phillips, is that
sonmet hing we can do?

MR, PHI LLI PS: Yes, it is.

CHAl RVAN  HALL: Vell, let's do it then.

Let ne ask you one nore question then. |Is
galling and silting is that something that goes
t oget her ?

THE WTNESS: No, sir.

CHAl RVAN  HALL: That's two different things?

THE W TNESS: There could be a relationship
but that's normally not -- the two don't normally
occur.

CHAl RVAN  HALL: Ckay. But you did say that
galling could cause the rudder to fully deflect?

THE WTNESS: No.

CHAl RVAN  HALL: No?  Ckay. Vell tell me what
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galling can do then to the rudder in your opinion.
That got mny attention because | believed there was
galling on both Colorado Springs and the Pittsburgh
actuators; right? So I'm just wanting to understand
t hat .

THE W TNESS: The effect -- | guess just in
summary, the effect of this galling, sir, can be
overcone by the pilot, is effectively the answer.

CHAl RVAN  HALL: Wth a pedal novenent or --

THE W TNESS: Pedal pressure and novenent.
Yes, sir.

CHAl RVAN  HALL: And how much pressure?

THE W TNESS: | don't have those nunbers. |

think there are sone initial witnesses to that.

CHAl RVAN  HALL: Is that where we get into the

40 pounds you referred to being -- no?

THE WTNESS: No.

CHAl RVAN  HALL: Ckay. W'l get into that
| ater.

THE W TNESS: Yes, sSir.
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But | wanted to clarify that

in ny mnd. I have the advantage up here of

a technical background so

this.

from the

you very

But | think unless

table or the technical

not havi ng

|"m trying to interpret all

there are other

staff, that

guestions

we thank

much for your testinony and also your service

on the CDR team

you think

shoul d conti nue

furl oughed so you m ght

know.

benefi t,

Let nme just before | excuse you,

that there is any reason

THE W TNESS: Just ny persona

CHAI RVAN  HALL

THE W TNESS: I
certainly.

CHAI RVAN  HALL

its work or

Yes, sSir.

any value to

that this

You may

be able to give that.

ask you do

t eam

t hat ?

opi ni on?

be

| don't

think there would be a

Thank you very nuch.

THE W TNESS: Thank you.
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CHAl RVAN  HALL: Now | guess we'll continue
and maybe take a -- we wll call M. Thomas A
Newconbe, Aviation Safety Inspector for Airworthiness
with the Seattle Aircraft Evaluation Goup, FAA
Seattle, Washington.

(Wtness testinony continues on the next

page. )
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THOVAS A NEWCOVBE, AVI ATION SAFETY | NSPECTOR-
Al RWORTHI NESS, SEATTLE Al RCRAFT EVALUATI ON CGROUP
FAA  SEATTLE, WASHI NGTON

Wher eupon,
THOVAS A, NEWCOVBE,

was called as a witness by and on behalf of the NISB,
and, after having been duly sworn, was exam ned and
testified on his oath as follows:

MR. SCHLEEDE: M. Newconbe, please give us
your full name and business address.

THE W TNESS: My nane is Thomas Allen
Newconbe with the Aircraft Evaluation Goup of the FAA
Seattle, Washington.

MR.  SCHLEEDE: And what is your position at
the Aircraft Evaluation Goup?

THE W TNESS: My position is the Aviation

Safety Inspector-A rworthiness, MRB Chairman on the 737

airplane and ATR airpl anes.

MR.  SCHLEEDE: How | ong have you worked for
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t he FAA?

THE W TNESS: |"ve been with the FAA nine
years.

MR.  SCHLEEDE: And would you give us a brief
description of your -education and background that
qualifies you for your position?

THE W TNESS: | have an airfrane and power
plant rating, acquired at the Institute of Technol ogy

in Inglewod, California, and commercial airplane

rating wth instrunent, nulti-engine. I have 20 years
of industry experience with different airlines, |eading
from nechanic, lead nmechanic, to special projects

engi neer.

I was co-owner of a general aviation business
with a fixed base operation and also a co-
owner/operator of a flight charter service out of
Hawt horne, California.

MR. SCHLEEDE: Thank you.

I think M. Phillips is gdmg to get into

asking you questions about the AEG and your
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responsibilities.

Thank you.

MR.  PHI LLI PS: Thank you, and good afternoon.

M. Newconbe, as M. Schleede just nentioned,
you cone from the Aircraft Evaluation G oup?

THE W TNESS: Yes, | do.

MR.  PHI LLI PS: Could you tell us what that is
and what they do?

THE W TNESS: The Aircraft Evaluation G oup
is kind of like the Iliaison between the Certification
Ofices and the Flight Standards District Ofices. W
interact with both in assuring that the instructions
for continued airworthiness are initially devel oped and
maintained to the level of safety of the initial
certification.

MR, PHI LLI PS: So what is -- before we get
into that, you used the initials MRB Chairnman. I's that
Material Review Board?

THE WTNESS: No. That's the Maintenance

Revi ew Board.
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MR, PHI LLI PS: Mai nt enance Revi ew Board.
Ckay. And what do you do in that function?

THE W TNESS: There again, on the initial --
we develop or help develop the initial maintenance
i nspection requirenents to be done for the instructions
for continued airworthiness, which eventually go to the
operator of the airplane to develop his initial
mai nt enance  program

MR, PHI LLI PS: QG her than maintenance, do you
get involved in any other initial certification design
activities?

THE W TNESS: Not too nuch on the initial
design activity. Only if there's some airplanes in
service and only wth the nmaintenance program
bef or ehand.

MR, PHI LLI PS: Do you use failure analysis or
hazard assessnents as part of your normal job?

THE WTNESS: No.

MR, PHI LLI PS: Wre you part of the CDR teanf

THE WTNESS: No, | was not.
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MR, PHI LLI PS: Have you read the CDR report?

THE W TNESS: Yes, | have.

MR.  PHI LLI PS: I"d like to talk a little bit
about the section entitled Continued Operational Safety
| ssues. And you've said that's an area that the AEG is
i nvol ved wth.

Can you tell nme what Continued Qperational
Safety Issues is or what would fit into that category?

THE W TNESS: Well, that in ny opinion would
be one that has already had an issue established on it
that the design or the naintenance feature maintains an
adequate level of safety or the initial level of
safety.

MR, PHI LLI PS: So would part of that process
involve witing AD s? Wuld you be involved wth
witing an AD or issuing an AD?

THE W TNESS: I wouldn't be involved in
witing it. I would be involved in reviewing it to
nmake sure if there's any maintenance inplications, that

they can be followed through by the Flight Standards
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District people in the field.

MR, PHI LLI PS: Are you part of any process to
review service bulletins or service letters from the
manuf acturers before they're released?

THE WTNESS: No.

MR.  PHI LLI PS: Do you have anything to do
with determning whether they should be -- | guess if
you don't review them you don't determ ne whether they
should be nade nmandatory or anything l|ike that then.

| answered my own question.

THE WTNESS. No, | don't.

MR, PHI LLI PS: In the CDR report there's a
group of reconmendations, 16, 17 and 18 on page 39 --
["m sorry. On page 44, | guess, and 45 of the report.
This is Exhibit 9X-A

And one of the discussions is on the adequacy
of nmaintenance task and associated intervals. Coul d
you refer to that page, 44 of 9X-A?

THE WTNESS: 44, 9-A Ri ght .

MR.  PHI LLI PS: 9X- A
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THE W TNESS: Uh- huh. VWi ch reconmendati on?

MR.  PHI LLI PS: W'l start with 16 but | want
to begin with the opening paragraph there.

The CDR team recognized that nmaintenance

tasks and the intervals of nmaintenance was a critical

CHAl RVAN  HALL: Reconmendati on 167

MR.  PHI LLI PS: Yes.

CHAl RVAN  HALL: And that's page 44?

MR.  PHI LLI PS: Page 44.

CHAl RVAN  HALL: Yes. Let's just be sure if
we're referring to the exhibits we identify the page
for the benefit of the audience.

MR, PHI LLI PS: Yes, sir.

As part of this ongoing operational safety,
mai nt enance inspection intervals and tasks and the
definition of those were addressed in the CDR report.
Could you tell us on Recomendation 16, could you just
di scuss that recommendation for us briefly?

It says -- I'Il read it. The recomendati on
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is to review and revise as appropriate the 737

i nspection tasks associated with latent failures
identified in Tables 3 and 4 in Section 10 in
accordance with MG 3.

And a couple of questions there. First of
all, what's MG 3?

THE W TNESS: It stands for Maintenance
Steering Goup and that's a docunent that was devel oped
by the Air Transport Association of Anerica.

MR.  PHI LLI PS: Is that specific to the 737
and for all types?

THE W TNESS: Al'l  airpl anes.

MR.  PHI LLI PS: And what would be in that
docunent generally?

THE W TNESS: It's a logic process to cone yp
with the initial naintenance inspection requirenments
for the systems and structures.

MR.  PHI LLI PS: Is the consideration of |atent
failures an inportant part of a naintenance progranf

THE W TNESS: W don't consider |atent
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failures. Certification does, however. W do consider
hi dden failures. So it's a little bit different. It's
a little different process.

MR.  PHI LLI PS: Could you briefly describe the
differences between latent and hidden?

THE WTNESS: Well, what we consider a hidden
failure would be hidden to the flight crew during the
performance of their nornmal duties. And consi dered
normal duties is when they're sitting in their seat for
t akeof f . So if it's in the latent failure, discussed
earlier, was what Mke had read in the 251309 which we
consider the opposite of -- not opposite, but we
consider a hidden failure to the flight crew and not to
the design of the airplane.

MR, PHI LLI PS: Are you famliar enough wth
the design of this airplane and this CDR report to
describe to us any potential latent failures in this
airplane's flight control systen?

THE W TNESS: I would not want to do that.

That's not ny expertise, latent failures.
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MR, PHI LLI PS: On Recommendation 18 on page
45 of Exhibit 9X-A, the team recommended that the MRB
and PD inspection task description be revised. Coul d
you briefly describe what the intent of this
recommendation is?

THE W TNESS: Well, we're going to -- along
with the Boeing naintenance and ground operations
services, we're going to develop -- and this is a
normal process used in the developnment of a naintenance
program or the maintenance requirenent is that you
develop a team consisting of the operators,
manuf acturer of the airframe engine and any appliance
that may be involved. And through that team you get
together and you go through the MSG 3 analysis to see
if a task and an interval is required.

And what we'll do is we'll take the sane
process, develop what they call a policy and procedures
handbook, and this is the guidance that wll be given
to the team on how they're going to do the analysis and

come up with an interval, if appropriate, and then what
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to do after that.

MR.  PHI LLI PS: Could you tell us what a IC
3C, 1A interval is?

THE W TNESS: When you're doing the
i nspection requirements and develop the nmaintenance
program it's nornmally broken down into |evels of
i nspection or intervals. A C check could range
anywhere from 2500 hours up to a certain other nunber
with 1C would be a normal check. Usually they're done
in multiples of these. You'd have 1C and 2C until

you'd get up to nmaybe a D check. And that breaks down

to also the A checks. You'd have nultiples of A checks

until you got to the level of a C check. And that's
where you would stop the multiples of A

MR.  PHI LLI PS: So what's the nost
conprehensive level of <check? 1Is that an A or a C or
D?

THE W TNESS: The nobst comon?

MR, PHI LLI PS: Conpr ehensi ve, nost thorough.

THE W TNESS: The nost conprehensive is a D
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or soneone doing many nultiples of a D, which is the
nost  conpr ehensi ve. Then it goes down to the C, and
the A being usually a weekly check with mnor things to
check.

MR.  PHI LLI PS: And so on Reconmendation 18 on
this page 45, the last element in this table is a
standby hydraulic system including a rudder function.

This is less than or equal to a 1A check. That's the

reconmended inspection interval

Does that nean that this check should be done
less than once a week or once a week? How would I
interpret that?

THE W TNESS: Shoul d be done. Yes

MR PHI LLI PS: Do you know if there's a
requirement to do that?

THE W TNESS: Pardon nme?

MR.  PHI LLI PS: Do you know today if there
exists a requirement to do that check at the 1A level?

THE W TNESS: | believe on nost -- let ne

clarify sonething. Wen we establish the nmaintenance
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requi renments, this is the initial one that goes to the
oper ators. Once the operator gets the Mintenance
Review Board report, of course they have to inplenent
normally all of the itens that are in the MRB report.

Through their reliability program and through
their experience and everything, they can through their
| ocal authority have itens escalated. So initially,
every airplane would start out with a 1A check.

MR, PHI LLI PS: Do you, in doing your job, do
you use service difficulty reports?

THE W TNESS: Yes, we do.

MR, PHI LLI PS: And how do those get to you?
Do you have a conmputer system there? Are they hard
copy papers or --

THE W TNESS: W have a conputer system the
ASOCS system where we can access limted -- we have a
contact in Oklahoma Gty that we can call or get a
nessage to to get a nore advanced or nore conplicated
search. Then they would send that information nornmal

mai | .
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MR.  PHI LLI PS: Based on your experiences and
your position, how effective are the SDRs in reporting
the maintenance issues in the fleet?

THE W TNESS: I think they're very effective.

W get indication of what is failing. A lot of tinmes,
like we say, we don't get the full information of what
the failed part was or what actually failed on that
part but we know what it was. And then through our
office we do, if we consider it a safety issue or could
project into a safety issue, we would go further and

get nore information on it and contact additional

peopl e.

MR.  PHI LLI PS: How do you determine that it's
a safety issue? | would assune on an SDR you'd have a
part nunber and sonme description. Can just |ooking at

that one form tell you that there's a safety issue
involved? |Is there any system that codes the SDR s as
critical or non-critical?

THE W TNESS: There's only -- sonetines in

the SDR system they do have a star border around it
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which is a highlight that it could be safety issue.

O herwise, we wuld take it into account wth our
experience determne whether this possible wunit could
affect the safety of the aircraft.

MR.  PHI LLI PS: In reviewing this SDR s are
you segregated by ATA codes? Do you have one person
who |ooks at flight controls, another person who | ooks
at structures or how do you divide the workload?

THE W TNESS: Vell, in our group we train to
one airplane so we do the whole thing. And we do
separate the SDR s through the ATA code system

MR.  PHI LLI PS: So youhaving the
responsibility for the 737 fleet at sometinme or other
the SDR s should conme across your desk and you should
have a look at it?

THE W TNESS: Normally, 1'd have all '37
And at least once a week a panphlet is sent out through
&l ahoma Gty or from klahoma City to our office and
each one in the office reviews his particular airplanes

for the itens that are in there
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MR.  PHI LLI PS: Do you recall any significant
trends in the SDR activity or SDR reports concerning
any of the 737 systens? Any comon failures, problem
areas?

THE WTNESS: No.

MR.  PHI LLI PS: And this is looked at -- did
you say weekly or nonthly or occasional?

THE W TNESS: Normal ly, weekly. And it

depends on the input, how nmuch information is in there.

MR, PHI LLI PS: I think we had a conment
earlier in the day that there's additional information
avai |l able behind these SDR s. Is there a way to
contact the person who wote it to get nore detail if

you need to know nore about that SDR?
THE W TNESS: Yes. W normally have daily
contact with the principal maintenance inspectors for

the operators that are assigned or that have our

particular airplane. So if we find sonething that we
need nore information on then we wll contact the
principal inspector and have him either research his
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current database or he wll go to the operator and get
the information.

Very seldom do we ourselves deal wth the
oper at or . W try to leave that up to the principal
i nspector.

MR,  PHI LLI PS: Are the operators required by
law to wite an SDR?

THE W TNESS: On certain things, yes.

MR,  PHI LLI PS: And what would be an exanple
of sonething they would be required to wite an SDR on?

THE W TNESS: Any problem with the flight
control s. The regulations wusually state the itens that
they're required to report on. Sone of them report
al nost everything any nore.

MR,  PHI LLI PS: Do sonme operators wite nore
SDR s than others?

THE WTNESS:. No. They only wite an SDR
when they have a problem so it all depends on when
there's a problem

MR.  PHI LLI PS: | guess a better question is
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do you believe that every problem is recorded on an
SDR?

THE W TNESS: Pardon ne?

MR, PHI LLI PS: Do you believe every problem
is recorded on an SDR?

THE WTNESS: No.

MR, PHI LLI PS: Recently, we've been -- the
NTSB has been following a series of events involving
737 flight controls. | say recently. It's actually
been over a period of vyears. And other aircraft, too.
But would your office have responsibility for
followng in-flight events or upset events? |Is there
any reporting process that's required to the AEG?

THE W TNESS: Not so much a reporting
process. However, we are involved in the incidents
through the principal inspector. So we do get that
information and we do a follow up.

MR.  PHI LLI PS: I think along those lines, M.
Jacky would like to ask some questions about sone in-

flight events, so we'll pass the baton here.
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MR JACKY: The exhibit to which M. Phillips
was referring to is Exhibit Nunmber 13X-C, if you could

refer to that, please. And specifically, pages 4 and

5.

M. Phillips sort of hinted at what -- or
took a couple of ny questions, | guess. I"m wondering
in the process of -- in your work when you see the |ist
of SDRs, is there any sort of way of going back and

| ooking at any sort of particular either flight control
system or sonme sort of wupset that would -- or to |ook
at them categorically by type of systen? Wuld that be
the ATA code?

THE W TNESS: Yes, it would.

MR JACKY: And is there any sort of process
within your group that if any one such code kept comng
up X amount of times that it would raise a red flag or
sonet hi ng?

THE W TNESS: Normally that's what we -- we'd
take a look at see -- we'd find a trend. I f that

code's coming up all the time, then we would normally
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gather those and go to the Aircraft Certification
Ofice and discuss it with the engineer who has
responsibility for the system

MR JACKY: And on these SDR s, are they
coded by airline at all?

THE W TNESS: Coded by what?

MR, JACKY: Airline.

THE W TNESS: Ai l eron?

MR.  JACKY: No. Airline. By air carrier.

THE W TNESS: Yes, they are.

MR, JACKY: And in the process of going
through the SDR's, if one air carrier cane up nore than

others, would that throw a red flag?

THE W TNESS: It would. And we would contact
the principal inspector.

MR JACKY: In looking at this list on page
nunber 4, the itens that | would like to reference you

to are events that have been referred to the NISB as
bei ng unconmanded rolls.

CHAl RMAN  HALL: W don't believe he has the
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exhi bit. See if you can assist, M. Schleede. It's
13x-c.

THE W TNESS: Ckay.

MR, JACKY: And starting on page 5, Item
Nunber 32, and on down through the rest of the page are
several unconmanded roll events. And 1I'm wondering if
in the process of the last few nonths if you or anyone
in your group have noticed any sort of increase in
SDR s or anything that mght hint at a type of problem
like this?

THE W TNESS: On these incidents in here we
haven't. The SDR reports would not have been entered
into the ASCS system and out to the field -- out to us.
However, we have continued contact with the principal
inspectors on all of these itens and we have been doing
the follow up with those.

MR, JACKY: And what have been the type of
follow ups that you' ve been doing?

THE W TNESS: On the itens that were renoved

from the airplane due to either response by the

CAPITAL HILL REPORTING |INC
(202) 466- 9500



1715

operator thenselves or the NISB or the FAA for
recommendation of renoval and itenms sent to the
original aircraft mnufacturer for teardown, we would
and 1've been to nost of them -- go to the facility

where they're going to do the testing and evaluate --
not evaluate the test but witness the testing and see
if there's anything that canme out of the testing that
we could use in our determnation of any problem

MR JACKY: And was there any sort of
determ nation of that sort?

THE W TNESS: Pardon ne?

MR JACKY: Was there any determ nation of
that sort?

THE W TNESS: None at this point, no.

MR JACKY: And have you taken any sort of
followup action on these itens beyond that?

THE W TNESS: Not so much on these itens
her e. W are in the process of -- and we have
developed a team and we're taking a look at -- we're

gathering information from six airlines on the
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conponents renoved from ATA's Chapter 22, which is the
autoflight system and ATA Chapter 27, which is the
flight control system for every conponent renpoved in
the last five years to develop a database to see if we
can come up with a comon cause or conmonality of any
i ssues.

And we're doing this directly through the
help and assistance of the principal inspectors since
they're the ones that know the operators' program the
nost and how to defer the information that's set in
their reliability program

MR, JACKY: And you said this process has
just begun?

THE W TNESS: Has begun, yes. W' ve al ready
started it. W've already had neetings with the
principal inspectors and they are now in the process of
putting that information into the conputer system so we
can incorporate it into a nmainfrane.

MR, JACKY: And will this process be ongoing

or is there sonme sort of end date?
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THE W TNESS: Right now we've only projected
to do the last five years of reliability data which is
going to take quite sone time to get all that
information into the system I would hope that we
would continue it wth -- everything's available where
we can do that.

MR, JACKY: And is this just with the 737
airplane itself or is this enconpassing all types of
ai rpl anes?

THE W TNESS: These are only the conponents
on the 737 airplanes for certain operators.

MR JACKY: The six airlines that you
menti oned?

THE W TNESS: Six airlines. yes.

MR, JACKY: Are you at liberty to tell wus
what the nanes of those airlines are?

THE W TNESS: Pardon nme?

MR, JACKY: Are you at liberty to tell wus
what the nanme of those airlines are?

THE W TNESS: W originally have been
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requested by the airlines that we not use their
information or their name in a report.

MR JACKY: Under st and.

And would this just be historical data or
would it be starting tinme zero equal now and nobve on
f or war d?

THE WTNESS. For the five years?

MR JACKY: You're researching five years
back?

THE W TNESS: Five years back. Yes.

MR JACKY: And what wll be the final
product? Are you planning on issuing a report on your
findi ngs?

THE W TNESS: W plan on doing a report, on
showi ng the conponents, the cause and the failures
we've found on them and if there's any significant
t rend.

MR JACKY: And have you nade any sort of
prelimnary assessnent as to any sort of significant

trends?
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THE W TNESS: Not at this point, no

MR JACKY: In the process of going through
your SDR reports, is the airplane manufacturer either
or is the airplane manufacturer privy to your lists?

THE W TNESS: The list of the database we're
putting together?

MR JACKY: You said you received weekly
updates on --

THE W TNESS: On the SDR s.

MR JACKY: -- SDR's. Wuld an airline
manuf acturer have access to that sane information?

THE W TNESS: I believe the manufacturers
have the sane access to the database that we do.

MR JACKY: Do you do any sort of sharing at
all of lists between -- any list that the manufacturer
m ght have and what you m ght have?

THE W TNESS: Wen we do find a trend that we
want to take a look at, we do contact the nanufacturer
and see what he has within his or whether he has other

operators reporting. See, our database is only
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servicing the US. certificated airplanes. The

manuf acturer would have the one that covers all the
certificates airplanes for all the ones that they' ve
sold, so they would have a larger -- nost of the tine
they would have a l|arger database than we have, so we
do contact them quite frequently to find out just what
information they have and if they've done anything
about them

CHAI RVAN HALL: M. Newconbe, ['lIl go out of
turn here and just ask what type of information do you
have on these events from sonething that happened five
years, four or five years ago? \Wuat type of
information would you have that you'd be putting in
this conputer?

THE W TNESS: W'd have the -- that there was
an incident or cause, what was renoved, and sonetines
we'll have what the fix for that unit was. That's what
we're trying to get is -- with the SDR system we have
what the cause was and what the failure was, what the

repl acement was. A lot of times we don't have what
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actually was fixed because a lot of tines that's
privileged information. That goes directly to the
operator from the conponent.

CHAl RVAN  HALL: But there is not an existing
database on the 737 in regard to incidents like that
that is maintained or --

THE WTNESS: No. Normally this is all
pulled in by -- each individual operator has his own
dat abase, reliability database. W do not have one
specifically for the '37. The manufacturer probably
has one that he nmaintains.

CHAl RVAN  HALL: Well, who would nake the
decision to set up a database?

THE W TNESS: Wio would nmake the decision?

CHAI RVAN  HALL: Yes.

THE W TNESS: It was --
CHAl RVAN  HALL: And again, 1'm asking you t he
obvi ous. You know, we had an accident in Colorado

Spri ngs. W had an accident in Pittsburgh. And what

I'"'m hearing is we're just setting up a database now to

CAPI TAL H LL REPORTING | NC
(202) 466-9500



10
11
12
13
14
15
16
17
18
19
20

1722

track incidents, these incidents, and | was just
wonderi ng why.

THE W TNESS: Well, they' ve been tracking
units separately all the time through the SDR system
Because of the incident or accident in Pittsburgh, the
principal inspector there, who we've been in
coordination with all the time, had done it with his
oper at or . So we felt, well, this is good information
that we should have from everybody -- from a limted
source right now, six airlines, and then maybe
eventually we'll try to get it from everybody.

So through discussion with him and show ng
what he's developed for his investigation, we felt it
would be the same -- that we should do that. So
through ny superiors, we decided we would go ahead and
do that and call the principals in to give us help in
devel oping this.

CHAl RVAN  HALL: And you've indicated that
there's an engineer that has a responsibility that this

information is reported to for the rudder system on the
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737? |Is there one engineer that has the responsibility
in your departnent for tracking information or not?

THE W TNESS: I have all the responsibility
for the 737's in the Aircraft Evaluation Goup and we
work with the engineers who have responsibility for
their systens. There could be a bunch of them in the
Certification Ofice.

CHAI RVAN  HALL: I'"'m sorry, M. Jacky, for
using ny prerogative to butt in, but please proceed.

MR JACKY: Thank you.

Back to the database that you were discussing
and that you're putting together. Did you say that you
would only be looking at the autopilot type events or
are you talking about looking at all sorts of control
upsets, events?

THE W TNESS: W're not |ooking at events so
much. W're looking at the renovals of the conponents
and what was the cause of the failure of that
conponent . So it's not so much -- well, we do take

that into account so we can divide our database or we
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can sort our database to whether it's a rudder system
aileron system whether it happened in takeoff crews,
descent, approach.

So, we're trying to set it up so we can take
a look at all different paraneters and to get sone
information out of it.

MR JACKY: And did | take it correctly that
you asked all the PM's to conme in or principal
mai nt enance inspectors to conme in and talk about the
setting up of this database?

THE W TNESS: W asked the principal
inspectors of six airlines to get the reliability data
from the operator for the last five years. The
operators cooperated and gave this information to the
princi pal inspectors, who then canme to our neeting and
we sat down and developed a form that we could use to
incorporate all of the information because it's all
di fferent. So they have to be able to distinguish --
take information from one reliability program and be

able to put it into one single form
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MR JACKY: And this form that you' ve
devel oped for the inplenmentation to the database, that
is different than the SDR fornf

THE W TNESS: Yes, it is.

MR JACKY: And at any time then, have you
had any sort of review or neeting with representatives
or engineers from operators nore than just the six
airlines that you ve been referring to?

THE W TNESS: Not on this, no.

MR JACKY: Thank you. I have no further
guesti ons.

CHAl RVAN  HALL: QG her questions from the
Techni cal Panel ?

M. Haueter?

MR. HAUETER: Yes. Just two brief ones.

I was curious on the SDR s. You nmentioned
they get flagged as they conme in or you see sonething.
Is that a manual flag? |Is it done by conputer? How
do you keep track of all these SDR s and the things you
find on thenf
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THE W TNESS: You nean -- 1 said they were
flagged with the starts on them you nean?

MR. HAUETER: well, if you're looking for a
specific trend, does that conputer find it and pulls
those out or how s that done?

THE WTNESS: No. I"'m not sure if we're
talking about two different things here. One was if it
could be a safety issue, Cklahoma Gty would put a
border around that one item Wen we ook at them we
| ook at every one of them pertaining to our airplane
and we would look at the first ATA code and the
probable cause or the renoval of the incident, what
caused the incident. And we would determ ne ourselves
if we have a trend. But there's no conputer generation
for a trend.

MR. HAUETER: That's purely a nanual search
of going through all these things and reading them for
each event?

THE W TNESS: Yes.

MR. HAUETER: How many people do that?
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THE W TNESS: Pardon ne?

MR. HAUETER: How many people do that? |
nean, --

THE W TNESS: Wll, right now we have --

MR. HAUETER: Just for 737's.

THE W TNESS: Just for the 737?

MR. HAUETER: Yes.

THE W TNESS: Just ne.

MR, HAUETER: How many of these things do you
look at a day? |I'm kind of curious.

CHAI RVAN  HALL: You're the only person? |Is
that what | heard? [|'m sorry. The fan went on and |
can't hear very well up here.

THE W TNESS: I'"'m the responsible MB

Chai rman for

the 737 fleet. "

do have a backup person

when I'm not in the office. However, when the SDR s
cone in, |I'm the only person that actually |ooks at
them and reviews each one to see if we have a trend or
what ever .

And normally,
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CHAl RVAN  HALL: How big a workload is that?
How many would conme in a day or a week? Do you know
how many cane in in the last year?

THE W TNESS: Well, like | nentioned earlier,
we usually get a package each week and there may be
anywhere from 10 up to 20 or 25 or so SDR reports. A
lot of them are insignificant, like reading lights and
stuff like that.

CHAl RVAN  HALL: But you review all of those
and at this point in time there's not a conputer
program you put them in other than here?

THE W TNESS: Ri ght .

CHAl RVAN  HALL: Fi ne. Ckay.

MR. HAUETER: That's what | was getting at.

In looking at these, do you interact with the
operations side on things that you may see in |ooking
at SDRs to help out the operations group or is that
done el sewhere?

THE W TNESS: W would. If we found

sonething that we would need sonme discussion with them
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or we thought they should know about, then we would get
our counterpart for the operations and the avionics
person and discuss it with them to keep them informed.

MR. HAUETER: Are there any specific issues
with the 737 that you're tracking or have a special
flag on them now as far as your involvenent?

THE W TNESS: Any flight control problem any
autopilot problem we take a look at those mainly to
see if -- because recently we keep track of every one
of them so we wusually have a lot of the information
before the SDR gets to us. Because it goes from the
operator to the principal inspector. Then it's sent to
&l ahoma City who incorporates it into the system and
then publishes the report and then sends it out.

MR. HAUETER: In going back once again and
just clarifying, on Exhibit 13X-C, on the recent
events, you nmentioned that you nornmally wouldn't see
these type of events? Did | misunderstand your
response?

THE W TNESS: On uncommanded rolls and stuff?
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MR. HAUETER: Ri ght.

THE W TNESS: Yes. Sone of the tines sone of
these aren't classified as reportable through the
regul ations, so they wouldn't be reported under the SDR
system

MR. HAUETER: And so if there wasn't a
conponent pulled, you nmay never even know that one of
these events occurred?

THE W TNESS: Ri ght. If it wasn't reported
then we wouldn't know

MR. HAUETER: Is there an operations
counterpart of vyourself that would pick up sonething
like that through a different neans?

THE W TNESS: Well, there again, the
operations counterpart, if it was reported through the
SDR, we would go to him and say, "Have you seen this,"
or whatever.

MR. HAUETER: But | nmean, would your -- does
your counterpart have a system simlar to SDRs to find

out about operational events? You may be the wong
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person, but | just --
THE W TNESS: | don't --well, they have --
they still go through their principal inspectors, their

principal operations inspectors for information com ng
from them but for the ops side, there's nothing that's
the sane as the SDR for them getting information.

MR, HAUETER: Followwng up on the Chairman's
comment and ny own, could you use conputerization to
help you track all these SDRs and tag and trend them
and things like that?

THE W TNESS: Could 17

MR. HAUETER: Yes.

THE W TNESS: Wll, we are right now doing
t hat .

MR. HAUETER: You're nmoving in that direction

THE W TNESS: Yes. W' ve taken the -- well,
we developed the program we're going to use and the
principal inspectors will be doing -- inserting nost of

that information at their place of |ocation. They' ||
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be sending me the disk or via the system and |'Il be
inserting that into nmy conputer as a namin database.
And then we'll be doing a track for that.

MR. HAUETER: Ckay. Thank you.

That's all the questions | have.

CHAl RVAN  HALL: Any other questions from the
Techni cal Panel ?

(No response.)

If not, we'll nove to the parties. Do any of
the parties have questions for this wtness?

| see the hand of the FAA Anyone el se?

(No response.)

If not -- M. Donner.

MR DONNER M. Newconbe, just one point of
clarification. Al of these SDR s are conputerized in
kl ahoma City, are the not?

THE W TNESS: Yes, they are.

MR. DONNER: And they are available to you?

THE W TNESS: They are available to anyone in
t he FAA Yes.
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MR. DONNER: Thak you.

CHAI RVAN  HALL: | guess, M. Donner, you're
asking maybe what |I'm -- if there's one database, does
there need to be -- you're talking about creating a

dat abase out of a database; right? Information that
comes out of GCklahoma Gty?

THE W TNESS: W're taking additional
information that may not be in the database in klahonma
Cty because we're going a little further. And like |
said, the original SDR --

CHAl RVAN  HALL: Wiere does that additional
information conme fronf

THE W TNESS: Like | sa, we were getting the
principal inspectors to get that information from the
oper ators. And one thing | forgot to point out. W
have also contacted a couple of the OEMs to get their
reliability data on that part for the last five years.
And they' ve offered to do that, so --

CHAl RVAN  HALL: That hel ps ne. Ckay.

W' Ill go to the table and M. d ark.
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MR CLARK I have no questions.

CHAl RVAN  HALL: M. Marx?

MR MARX No questions.

CHAI RVAN  HALL: M. Schl eede?

MR.  SCHLEEDE: Yes, sir.

I may have missed -- how does your office or
you personally, how do you interact with the Boeing
Conpany?

THE W TNESS: well, | have -- as being the
MRB Chairman, the initial -- and | mght have to
explain a little bit how the initial process is started
as far as the naintenance program Wien a manufacturer
wi shes to develop the design for an airplane, of course
they have to have the instructions for continued
ai rwort hi ness. So they would cone up with -- nornmally
it's about two years before the type certification of
the airplane and say we have to develop a naintenance
program for this airplane.

The industry steering committee is devel oped

through the nmanufacturer, the operators, the engine and
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airframe manufacturer and appliance manufacturers.

Once they develop that team then they would conme to the
FAA and say we're going to need to develop this

mai nt enance  program

As ne being the MRB Chairman, | would get
together a team and wusually it's principal inspectors
or other people in the Aircraft Evaluation Goup. W
develop the MRB team to help the nmanufacturer devel op
the initial maintenance requirenents for that airplane
before it's put into service so that the operator has a
mai nt enance program before he gets the airplane.

So then once it's in service, then we work
with the manufacturer to make sure that the
instructions for continued airworthiness are nmaintained
to the level of safety of original issuance.

MR. SCHLEEDE: Ckay. ["m sorry. Real | y
that's the part | was interested in, your day-to-day
interaction with the Boeing Conpany.

THE W TNESS: Yes.

MR. SCHLEEDE: Do you have a certain office
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that you interact with or a person at Boeing on a daily
basi s?

THE W TNESS: It may not be on a daily basis.
Depends on the occurrence. But we have several people
in one office that we do discuss certain issues wth
and work with on an occasional basis whenever it's
needed.

MR. SCHLEEDE: Do they provide -- does Boeing
provide to you reports of 737 incidents outside of the

U S on foreign registry?

THE W TNESS: If we were to request them
they will discuss them with us. Yes.
MR. SCHLEEDE: If you request them So if

there's a serious incident involving a 737

ai rwort hiness overseas, how would you know about it?
THE W TNESS: Vell, we would know about the

incident as it happened and then we would contact our

counterpart over there to see if they have any

i nformati on.

MR,  SCHLEEDE: Wll, I'mtrying to find out
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how your office would find out about it. Does Boei ng
report it to you or does the foreign authority report
it to you?

THE W TNESS: Qur counterparts do sonetines
report to us that they've had an occurrence. O
course, again, we hear it through our public affairs
system or a lot of times through the nedia that
sonmet hing had happened. So then that starts the ball
rolling.

MR.  SCHLEEDE: Is there any requirenment that
Boeing report that to your office, any kind of a
serious event |ike that?

THE W TNESS: Not on the flight standards
si de. Only on the certification side Boeing has to
report certain stuff.

MR.  SCHLEEDE: Do you know roughly how | ong
it takes from the tinme an event that generates an SDR
gets in the system and will get to your office?

THE W TNESS: | couldn't say for sure. It

could be sonetines two weeks, naybe three weeks.
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MR. SCHLEEDE: Thank you.

CHAl RVAN HALL: M. Laynor?

MR.  LAYNOR No questions.

CHAl RVAN  HALL: Vell, first, an
adm ni strative announcenent.

M. Haueter, you' d better tell the hotel that
as soon as | conclude here they can take the back of
the ballroom

MR. HAUETER: They're ready.

CHAl RVAN  HALL: They're ready to go? Ckay.
So just -- when we take our break here after this, we
will be giving up the back portion of the ballroom so
anyone that's sitting back there has any bel ongings,
pl ease collect them There should be adequate seating,
| ooking at the crowd, on the area that we'll have left.

M. Newconbe, so | can put this in context in
ny mnd, would you tell nme exactly what an SDR is?
It's a service --

THE W TNESS: Service difficulty report.

CHAl RVAN  HALL: And that's referenced
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sonmewher e. But in as nuch laynman's |anguage as you
can, could you tell nme what that report is that cones
to you from the airline through lahoma City?

THE W TNESS: What it does it it's an
occurrence of a nmalfunction of sonething that has to be
reported by the airline to the principal inspector.

And normally it's a flight interruption or a danage or
sonmething to a primary flight control or whatever.

CHAl RVAN  HALL: And in alnmost all cases or
all cases a conponent would be involved and that would

be pulled for examnation and a report nade on it or

not ?

THE W TNESS: If it's in a conmponent -- well,
normally -- usually it's a conmponent of sone kind.
Like I say, it can range from an aircraft seat, a

reading light, to a flap.

CHAl RVAN  HALL: So you would get an airplane
seat reading |ight conponent report as one of those 25,
as well as naybe sonething involving the flight control

syst enf?
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THE W TNESS: Flight control system or
energency |ight. Yes.

CHAl RVAN  HALL: Things of that nature. Now
that information then comes to you. And on the 737,
how long has that service difficulty report system been
in place?

THE W TNESS: Ever since |'ve been in the
agency, SO |'m not sure.

CHAl RVAN  HALL: So on the 737, you have
information going back to 1967 essentially?

Is that when, John, it started?

When it started in '67 with certification and
went into service shortly thereafter, do you have the
information back to '67?

THE W TNESS: I'"'m not sure how long the
information is mintained at Gklahoma GCty. I know
after a certain period of tinme it's put in the archives
which is still available if we need to go back. But
I'"'m not sure just exactly. I'"ve never had to go back

to '67 or whatever to get information like that.
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CHAl RVAN  HALL: Well, how |long have you been
in this specific -- in the position that you presently
hol d?

THE W TNESS: I"'ve been with the Aircraft
Eval uation G oup since 1987. I was in the Standards
staff originally and then | noved down to the Aircraft
Evaluation Goup and took over responsibility for the
737. So I've had the 737 for two years.

CHAI RVAN  HALL: For two years?

THE W TNESS: Yes.

CHAl RVAN  HALL: And who had it previous to
t hat ?

THE WTNESS: M. Fred Duval.

CHAl RVAN  HALL: Is he still with the
or gani zati on?

THE W TNESS: Yes, he is.

CHAl RVAN  HALL: And still in he office?

THE W TNESS: He's still in the office. He
would have normally kept this airplane, however, wth

the devel opnent of the 600, 700 and 800, and him being
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close to retirenent age, they wanted sonebody to be put
into that position who would be able to continue the
full process.

CHAI RVAN HALL: Wll, in reviewing all these
service difficulty reports over a two year period of
time is there anything that we have not done in this
investigation that you would reconmmend we do?

THE WTNESS: No. I think everything's been
done.

CHAl RVAN  HALL: Nothing that's cone to your
attention that you think needs further exam nation?

THE W TNESS: Not as far as nmaintenance

practices, no.

CHAl RVAN  HALL: Again, | guess there were 53
itens, is that correct -- incidents, that are --
events. What's the proper termnology here? Events,
flight events, that are listed here. And | counted

just roughly about 17 of them occurred outside the
United States airspace.

Are you aware of alll7 and have you -- would
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you have information on those to follow up on what M.
Schl eede had asked?

THE W TNESS: I'"'m not aware of all 17 that
happened outside the United States. Only the ones that
we get within US. certificated operators.

CHAl RVAN  HALL: Do you think it would be
important to you in performng your responsibilities
for the FAA and the Anerican public if this
information, since many of these aircraft operate
internationally, that this information was sonmehow
mai ntained and brought together?

THE W TNESS: | do. And we're in the process
ri ght now. W have mailed out the CDR report to all of
the principal inspectors. W're now going to the
international field offices with a copy. And also,
we're getting a listing of all of the foreign
regul atory authorities so we can give them a copy so
that they can go in and evaluate the information
contained in the CDR report.

And we also are in the process of devel oping
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a flight standards information bulletin for
airworthiness which is nornmally controlled out of AFS
300 in Washington that will be going to pretty nuch all
of the people | just nentioned. That will be
requesting certain information and giving them certain
information of this nature.

CHAl RVAN  HALL: You also do the ATR series of
ai rpl anes?

THE W TNESS: Yes, | do.

CHAl RVAN  HALL: | guess ny last question. Do
you have on any of these incidents, does flight data
recorder information conme to you?

THE W TNESS: There's been a couple that the
principal inspector has provided. However, nyself, |
didn't have the expertise to read it and know what was
init, so | had to get with the appropriate people to
find out just what it all actually neant and what
occurred at certain points in tine and everything.

CHAl RVAN  HALL: Vell, M. Newonbe, we

certainly appreciate your testinony and your being
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her e. And unless here are other questions, you wll be
excused.
(Wtness excused.)

CHAl RVAN  HALL: W will take a 15 mnute
break and come back pronptly for the next wtness at --
well, we'll make it an 18 mnute break -- at 10 mnutes
to the hour.

W'l stand in recess.

(Whereupon, a recess was taken.)

CHAl RMAN  HALL: W wll reconvene this Board

of Inquiry and to a smaller setting. It's nice to see
the audience up closer. W mght have to try this at
nmy church.

So, the next witness we wll call is M.

Richard Kullberg. M. Kullberg, if you could please
cone forward.

M. Kullberg is the Designated Engineering
Representative for the Boeing 737 Hydraulics/Flight
Control Engineer with the Boeing Commercial Airplane

Goup in Seattle, Wshington.
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RI CHARD KULLBERG DESI GNATED ENG NEERI NG
REPRESENTATI VE, B-737 HYDRAULICS/ FLI GAT CONTRCL
ENG NEER, BCEI NG COVMERCI AL Al RPLANE  GROUP,
SEATTLE, WASHI NGTON

Wher eupon,
RI CHARD KULLBERG

was called as a witness by and on behalf of the NTSB,
and, after having been duly sworn, was exam ned and
testified on his oath as follows:

MR. SCHLEEDE: M. Kullberg, please give us
your full nane and business address?

THE W TNESS: Richard Kullberg, the Boeing
Conmpany, Seattle, \Washington

MR. SCHLEEDE: And your position at Boeing?

THE W TNESS: I'"'m a Senior Principal Engineer
working on the analysis, certification and testing of
the 737, 757 flight control systens.

MR. SCHLEEDE: And how |long have you worked

at Boei ng?
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THE W TNESS: Approximately 30 vyears

MR.  SCHLEEDE: Wuld you briefly describe
your education and background that brings you to your
pr esent position?

THE W TNESS: I'"ve a bachelor's degree from
the University of Mnnesota and worked nunerous flight
control type areas with the Boeing Conpany, starting
with 747 and SST and on through the 700. I"'m al so, for
approximately the last year and a half, ['ve also
wor ked the 737.

MR. SCHLEEDE: And you're listed on our |Iist
as a designated engineering representative or DER
Could you briefly describe what your duties are or what
a DER is and what your duties are as a DER?

THE W TNESS: The primary duty is tofird
conpliance with the FAR s, to review design changes,
verify that they neet the FAR s, production changes,
service bulletins. Also, to prove certification data.

MR. SCHLEEDE: And who gives you that

desi gnation, the FAA?
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THE W TNESS: Correct.

MR.  SCHLEEDE: And so when you're working in
that function, are you working on behalf of the FAA?

THE W TNESS: That's correct.

MR.  SCHLEEDE: Ckay. Thank you.

M. Phillips wll continue.

MR.  PHI LLI PS: Good afternoon. A little
followup to M. Schleede's question about the DER
responsibilities.

What would you be required to do as a DER?

Do you sign engineering drawi ngs and specifications or
do you advise as to design guidelines? Wat would be a
typical duty of a DER?

THE W TNESS: | don't sign detailed draw ngs.
| sign the top drawing which is part of the
certification process for each individual airplane.
When | do that, |'m basically making a finding that
airplane, as far as the flight control systens go, neet
the FAR requirenents.

MR PHI LLI PS: Does every drawing have to
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neet your approval? Does it have to be signed by you?

THE W TNESS: Not every draw ng. The top --
the drawing tree system feeds into the top drawi ng, so
in essence, by signing a top drawing |'m approving the
drawi ngs underneath it for ny area.

MR, PHI LLI PS: Is the top drawing an
installation drawing, an assenbly drawing, a detailed
drawi ng?

THE W TNESS: It's one single draw ng that
pulls everything together for the whole airplane.

MR.  PHI LLI PS: Ckay.

THE W TNESS: But also, other than that, |
woul d approve by qualification testing, any type of
certification, a function that requires FAA approval.
And | would nake -- either approve it or recomend
approval to the FAA

MR.  PHI LLI PS: And in doing this job for the
FAA while you're an enployee at Boeing, do you share
any other nmnagenent or -- any other nmanagenent

responsibilities for any other areas? For instance,
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you said you were involved with the 757 program Do
you still work in that program as a DER right now?

THE W TNESS: That's correct.

MR.  PHI LLI PS: And the reason behind the 757
is because that's a natural grouping for the Renton
Di vision manufacturing?

THE W TNESS: Yes.

MR, PHI LLI PS: Along those lines, we've
gotten noted for your testinony today sonme discussions
of the 737 rudder system design. W' ve had extensive
testinony in the proceeding hearing by several people
on the detail design. I'd like to very generally touch
on that this afternoon.

And to start off, I1'd like to ask we ae
the primary differences between the 737 and 757 designs
with relationship to specifically the directional
control systenf

THE W TNESS: The principal difference is in
the surface actuation system 757 was -- 757/767 were

the first airplanes to elimnate nmass balance weights
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from the rudder control surface. As part of this, what
allows this elimnation is the actuators on the surface
provide stiffness, which provide danmping, and therefore
take the place of the mass bal ance weights.

The '37 airplane surface is nmass balanced so
that to begin with, the '57 started with this multiple
actuator configuration to get the redundancy for
flutter suppression. The individual actuators on the
'57 are all single load path valve jam protection.
Instead of being provided by dual valve, it's provided
by the nultiple actuators.

If we were to have say a valve jam on a 757,
there would be sonme back driving of the rudder surface
until the field system broke out sone shear outs and
allowed the other two to overcone it.

MR, PHI LLI PS: How many actuators are there
on the 757 driving the rudder?

THE W TNESS: There's three.

MR.  PHI LLI PS: Thr ee.

THE W TNESS: Wth three full-time hydraulic
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systens. The 737 has one dualized actuator and it's a
tandem actuator so it has two hydraulic systens
sparring it. And then the standby actuator is just
t hat . It does not operate until you' ve had a failure
of a hydraulic system

MR, PHI LLI PS: O conmanded by the pilot at
his option? You don't have to have a failure to
activate the standby, do you?

THE W TNESS: No. You need to have a

failure. Procedurally, you would not turn on the
standby wuntil you' ve had one failure.
MR.  PHI LLI PS: In the 767, is it simlar to

the 757 in design with three actuators?

THE W TNESS: Nearly identical. Yes. As far
as the architecture.

MR.  PHI LLI PS: How about the 7777

THE W TNESS: That's also three parallel
actuators. The difference is it's fly by wre.

MR, PHI LLI PS: And by fly by wre, you nmean

that the signals to the actuator are electrically
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commanded?

THE W TNESS: El ectrically conmanded.
Correct.

MR, PHI LLI PS: The surfaces on the 73-5-6 and
triple 7 are all single surface rudders; am | correct?

THE W TNESS: Correct.

MR, PHI LLI PS: There's no balance tabs? And
you nentioned that there was mass balance on the 737
but not on the 75. Is that same carried through to the
67 and triple 7?

THE W TNESS: That's correct. Yes.

MR, PHI LLI PS: And you nentioned flutter
suppression as part of the design criteria for using
mul tiple packages. Is that an active flutter
suppression systen? Does it respond to sone dynamc
i nput ?

What drives the flutter suppression system on
t hose airplanes?

THE W TNESS: It's basically the stiffness

and danping of the actuator, so it's a passive danping
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system

MR.  PHILLI PS: So it isn't actively driven
for flutter purposes. It's these as a mass balance in
its body itself?

THE W TNESS: Right. If you maintain enough
stiffness in the actuators, you don't get flutter.

MR. PHI LLI PS: Let's drop back one digit
there on the 727. That rudder has a different design
concept, too. Could you tell me a little bit about it?

THE W TNESS: The 727 has split rudders.

Each rudder is powered by a single actuator. One of

the rudders has a standby actuator but essentially

identical to the '37 standby actuator.

MR. PHI LLI PS: And the 747, | think one we've
left out?

THE W TNESS: It's got split rudders It has
dual tandem actuator on each rudder. "47 is a little

bit unique in that it has four hydraulic systens.
MR.  PHI LLI PS: So we've got two airplanes,

the '27 and '47 have split rudders, and then the rest
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of the Boeing -- the current nanufactured series
airplanes have single panel rudders?

THE W TNESS: Ri ght . And also the 707.

MR.  PHI LLI PS: 7077

THE W TNESS: Singl e panel.

MR.  PHI LLI PS: And that's a single panel?
And how nany actuators?

THE W TNESS: It's got one dual tandem
actuator and it also has manual reversion capability.

MR.  PHI LLI PS: Is that dual tandem actuator
in the 707 or was it simlar to the 737 design?

THE W TNESS: I"m not sure what the
simlarities are. Architecturally it's very simlar.
It's got a yaw danper that's integral to the actuator.

It's got dual concentric valve, dual l|oad path
I i nkage.

MR.  PHI LLI PS: In the yaw damper sections of
the airplanes we've discussed, we heard earlier M.
Koch describe an integrated package where the yaw

danper was a conponent of the PCU. Do your other
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aircraft designs integrate the yaw danper into a
conponent package such as the rudder PCU?

THE W TNESS: The '27, '07, '37, '47 have
integrated actuators. ‘57, '67 the actuators are
separ at ed. Partly because you have -- '57, '67 has two
yaw danpers that have to drive three nmamin actuators, so
integrating them would be -- well, you couldn't
integrate them for that situation.

MR, PHI LLI PS: In the description of the
series of the rudder actuators and the rudder surface
configurations, does the 737 stand out in your mnd as
being different than the others for a Boeing design?

THE W TNESS: Phi | osophically, it's very
simlar. It's conpletely dual load path from the aft
guadrant through the whole actuation system so it's
designed to be fault tolerant as far as any single
di sconnect, for exanple, would have no affect on the
pilot control of the rudder. And that's pretty nmuch --
however you inplenent it, that's the philosophy.

MR, PHI LLI PS: And what drove the design to a
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dual load path single unit versus a nultiple

configuration?

THE W TNESS: Wll, at the tine of the 737
design, that | think was the nbst comon practice.
There was -- we really first started |ooking at

multiple actuators on the SST because of nmass bal ance
removal and there were a l|lot of concerns about
synchronizing multiple actuators if they have a large
force bite or if you have failure nodes, for instance,
where one actuator doesn't want to track the others,
you can get into problens. So it took quite a while to
actually develop this parallel actuation system

MR, PHI LLI PS: Speaking of failure nodes,
what could you describe as a failure node which would
cause an uncomranded rudder deflection? \Wat
conditions would have to be set up to have that?

Wthout a pilot input, what would have to
happen to get a rudder deflect to its limt in the 7377

THE W TNESS: Well, fundanentally, you'd need

a control valve that would be open that could not be
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cl osed. I'"ve tal ked about dual valve jans. There are
linkage jams that you could hypothesize if you |eave
t he val ve open.

MR.  PHI LLI PS: And linkage janms, would those
be external to the unit or internal or --

THE W TNESS: In the feedback Iinkage itself.
And that was covered by the CDR team and we've done a
-- submitted a very extensive failure analysis |ooking
at all these types of failures and |ooking at whether
or not they're reasonable failures. That's all been
submtted to the FAA now.

MR.  PHI LLI PS: Ckay. Let's talk a little bit
about the CDR Wre you involved in the -- while the
CDR was in work, while the group was fornmed, were you
involved in any neetings with that team to educate them
or describe the systens to then?

THE W TNESS: Ri ght . W went over the
descriptions of the systens with them to famliarize
them with the systens. W went over the failure

analysis with them provided technical data to them
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MR.  PHI LLI PS: Did the team provide you a
list of requirements for data that they wanted to ook
at or did you just offer up what you thought they
needed for the review?

THE W TNESS: A little bit of both, but in
real life the needs of the CDR team as you would
expect, cones really as a part of the discussion. A
subject cones up, triggers sonething and then they ask
for data.

MR,  PHI LLI PS: And in that data, you provided
a failure analysis, | would assune, of the rudder
system that we discussed this norning.

Wre you involved in that fornulation of that
failure analysis back when it was originally done in
the '6Cs?

THE WTNESS: N, | wasn't.

MR.  PHI LLI PS: Have you been involved in any
failure analysis from the '57 or any of the newer
aircraft?

THE W TNESS: Yes. I was involved with --
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quite heavily with the failure analysis of the '57.

MR.  PHI LLI PS: Does the '57 -- is it
certified to the newer standard, post-anmendnment 23 to
Part 25 that requires in | believe it's 25 -- well, in
the newer certification standard where we consider the
probability of failure extrenmely inprobable, is the '57
certified for those standards?

THE W TNESS: Yes, it is.

MR, PHI LLI PS: And is that because of the
date that it was originally certified?

THE W TNESS: Ri ght. That requirenent would
start as a special condition on the 747 and was
formally incorporated into the FAR sonetine after that.

MR, PHI LLI PS: And | would assune the '67 and
triple 7 all have net the newer standard?

THE W TNESS: That's correct.

MR, PHI LLI PS: In your -- go ahead.

THE W TNESS: I was just going to nmeke a
comment that the CDR team in ny opinion, conducted

their design review |ooking at those requirenents, the
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| atest requirenents.

MR.  PHI LLI PS: Their original charter asked
them to look at the airplane independent of the
certification Dbasis. Is that correct?

THE W TNESS: Ri ght .

MR, PHI LLI PS: And in doing that, they didn't
need to consider whether it was extrenmely inprobable or
-- that wasn't a factor in their evaluations?

THE WTNESS: No. It was a factor.

MR, PHI LLI PS: It was a factor?

THE W TNESS: Whet her or not something is
extrenely inprobable? Yes, that was a factor. And a
factor in our submttal to the FAA the recent
submttal that's been nentioned here.

MR, PHI LLI PS: That submittal that you've
nmentioned, is that a response to the recomendations
from the CDR?

THE W TNESS: The CDR recommendations, as far
as the design areas, which is the only thing I'm really

tal king about here, went to the Seattle Certification
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O fice. They then asked us to provide analysis and
data to allow them to nake a judgnent on the systens.

MR, PHI LLI PS: So the Seattle Certification
Ofice to respond to the reconmendations needed an
i nput from you?

THE W TNESS: Correct.

MR.  PHI LLI PS: And what form did -- what was
done to provide that input to the CDR or to the ACO?

THE W TNESS: Wll, we basically responded to
15 of the recommendations that dealt wth design areas.

Part of that was we conducted pilot sinulations. W

did failure analysis work. W constructed fault tree
analysis that you heard nentioned, latent failures.
The way that we -- in today's certification atnosphere
the way we address those is through fault trees, so we
provided fault trees for all the latent failures.

The fault trees are designed to show how
these latent failures enter into the probability of a
critical flight <condition or critical failure

condi ti on.
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MR, PHI LLI PS: Had you ever done any of this
type of analysis prior to your CDR requirenments?

MR, PHI LLI PS: Not for the hkesic flight
control systens. I think it's been nentioned we did it
for the autopilot because we nmade sone autopil ot
changes. W did it for some of the other systens that
were changed but we did not do it for the systens in
general .

MR, PHI LLI PS: The response that you provided
to the FAA, is that a discussion item now that's open
for the FAA to cone back and ask for further
clarification or nmore work to be done?

THE W TNESS: That's correct. Yes.

MR, PHI LLI PS: Have they done that at this
poi nt ?

THE WTNESS: No, they haven't.

MR.  PHI LLI PS: Were you involved in any
flight testing to provide this analysis back to the
FAA?

THE WTNESS: No. W didn't do flight
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testing. It was -- the testing that we did was
simul ations, sinulators.

MR.  PHI LLI PS: Aircraft simulators? D d you
put any conponents on the test bench and do any systens
testing?

THE WTNESS: No, we didn't.

MR, PHI LLI PS: Is part of that response to
consider the areas of contamnation or silting or
jamm ng of the servo control valve?

THE W TNESS: Could you repeat that?

MR.  PHI LLI PS: Was part of the response, did
any of the response to the reconmendations involve
di scussions involving jamring or silting of the main
rudder control valve?

THE W TNESS: Silting, no. Jamm ng, | guess
not directly. The NTSB testing that we were talking
about earlier is kind of the -- you mght say the
definitive thing as far as the effects of -- or what it
takes to jam a val ve.

MR, PHI LLI PS: That would be the chip shear
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testing we talked about earlier?

THE W TNESS: Correct.

MR.  PHI LLI PS: And you said silting -- not
silting.

THE W TNESS: I think silting is sonething
that's been brought up relatively recently. It's
gotten a lot of attention recently. The CDR, | think,

was really pretty much done by the tine silting becane
an issue.

MR, PHI LLI PS: Ckay. So it wouldn't have
been expected that that would have been part of the
response for your CDR report?

THE W TNESS: Ri ght .

MR, PHI LLI PS: Wile we're on the subject of
silting, did the definition we heard this norning agree
with your definition of what silting is? Do you have a

different viewpoint?

THE W TNESS: I don't disagree with what was
sai d. | do have a -- |I'm prepared to nake a little
nore detailed explanation, if anyone's interested.

CAPITAL HILL REPORTING |INC
(202) 466- 9500



10
11
12
13
14
15
16
17
18
19
20

1767

MR, PHI LLI PS: | certainly would like to hear
that and spend a little tine talking about that.

THE W TNESS: It's nunber 6.

MR.  PHI LLI PS: Wre's |ooking for what? Page
6 of 9X-K?

THE W TNESS: Ri ght.

CHAl RVAN  HALL: Can everybody see?

M. Benson, or sonebody that can handle the
magic of the lights being dinmred.

You can pull that mcrophone out.

THE W TNESS: Ckay. This figure is designed
to show the relative size of the underlap of the
primary control valve on the '37 rudder and give you an
idea of what's going on.

The particles that are shown are typical of
the maximum particle size that would be able to get
through the filter. There's a filter, 10 mcron
nominal filter on the inlet to the PCU. The maxi mum
particle size getting through is on the order of 25

m crons. So those would be indicative then of
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particles that would be comng through.

This distance here is what we refer to as the
underlap in the control valve. It's about a maximum of
about 22 thousandths on the '37 rudder. The ' 37 rudder
itself is really not very susceptible to silting. As
you can see, the particles are bigger than the opening
and would typically just flow through the opening.

Sone of the other Boeing valvesyou could
take the '57 as an exanple, are underlapped on that.

The actuator is only about 10 percent of what it is on
the '"37 and the filters thenselves on the '57 are about
four times nore coarse. On the '57, | know the testing
I was involved with on the original developnent of the
actuators, we started out with the net lap and you
could definitely see the effects of silting on that.

And the effect of silting was basically you
plug up that opening. If you were to observe the
return flow from the actuator, you'd see it slowy dry
up. The problem we ran into on the '57 was sinply that

the positional accuracy was affected slightly by the
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silting. Never saw anything that would indicate high
friction forces.

The '57/'67 airplanes are designed such that
if you do get a partial valve jam or excessive friction
in the valve, you would get sone surface notion. The
way it's designed, the field systenms would eventually
stop the surface notion but in ny experience |'ve never
heard anything -- of any problens on these airplanes of
any surface notion that would be associated wth
silting.

I can finish ny explanation on the next
slide, Nunber 7.

MR.  PHI LLI PS: Dick, before you go on to
that, could you give us a brief description of the
di fferences between an wunderlap and an overlap? What
is that?

THE W TNESS: The next slide actually | think
I can illustrate it better.

This schematic shows what -- it's an

exaggerated anount of wunderlap but this is underlap
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there and there. Maybe | should go through the
actuator first.

The hydraulic flow would conme in through this
port. It then would with the valve at neutral, the flow
would be into the cylinder port, back out through
return on one side. The same thing on the other side.

If you commanded the actuator, you' d nobve the
val ve. You would nove the valve this way. You can see
that you open up pressure to this side, which then
would flow into the cylinder, causing the actuator to
ext end. The feedback would cone along, and it would
cl ose the valve again.

If you had a net lap, this would be no space
there at all. If there were an overlap, it would be --
the valve spool would extend past this edge.

One thing that's been hypothesized with
silting is that you could silt up say this side. If
that were to silt up, then the pressure would no |onger
be able to act on the cylinder. The cylinder would

still be open to return, so its pressure would drop.
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The actuator would then nmove -- in this case, extend.
The feedback would cone along and start to close off
this. And normally you would expect the silt, as the
valve noved the silt, to pass on through it. But if
that didn't happen, the valve couldn't nove until it's
just touched that edge.

Once that's happened, then there's no further

notion of the actuator. Both pressure ports are cut
of f. The cylinder pressure bleeds back to return,
which is no differential pressure. Then both C|I and

C2 wuld be at 50 psi, which is the return pressure
nom nal .

So, I|'ve just kind of concocted the worst
case situation where the maxinmum actuator notion would
be such as to just close the valve on this side. That
would, on the '37 rudder, it would be the 25
t housandths that | nentioned. Excuse ne. Twent y-t wo
ten thousandt hs. And that equates to roughly about .05
degrees of surface notion.

So you could get -- in theory, you could get
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sonme surface notion but it would be extremely snall.

Ot her questions, or --

MR, PHI LLI PS: Wll, | want to follow al ong
the line here a little bit.

So is silting -- is silting only problem at
near neutral condition or position in the valve?

THE W TNESS: If the valve is open, it
literally -- the opening is too big to silt. It just
rushes right through.

MR, PHI LLI PS: Ckay. So we would only be
concerned about silting in periods where the valve
stayed fairly near neutral or the wunderlap condition or
the clearance between the two lands would be --

THE W TNESS: Right. You' d have to get
particles that literally won't fit through the valve
orifice.

MR, PHI LLI PS: As soon as theorifice is nade
|arger, the particles flow through; correct?

THE W TNESS: That's correct. After they' ve

built up a bit, you mght have to make it -- the
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orifice mght have to open up nore than the individual
particles, but it doesn't have to open a great deal and
it will just go right through.

MR PHI LLI PS: So any nmovenent of the valve
off of that neutral and null position would tend to
clear the valve?

THE W TNESS: That's correct. And that's --
1 believe some of the theories would involve the valve
says perfect stationary. In that case, the silt can
built up. But once you have block off the ports,
there's no longer any flow and the silt stops building
up.

MR,  PHI LLI PS: Is this based on your
t heoretical knowl edge or your experience or have you
actually seen tests to validate this?

THE W TNESS: My experience with the
devel opnment of the 757, both rudder and elevator PCU s
to ne validates it. As | said, initially we had nore
hysteresis than we wanted.

You know, you're talking here a tenthof a
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degree or . 05 degrees of surface notion as far as the
hyst er esi s. After a bunch of testing, we determ ned
that it was silting and we opened up the underlap to
ensure that we had a positive underlap and problens

went away.

MR.  PHI LLI PS: By hysteresis, you nean the
ability of the surface to return to the original
position?

THE W TNESS: Correct.

MR, PHI LLI PS: Is there a test --
specifically now to the 737 PCU, is there a functional
test that would indicate the presence of silting in an
oper at i onal sense? Could a pilot or nmechanic tell
whet her he had an installed PCU that was being affected
by silting?

THE W TNESS: The pilot would never -- no.
Any effects would be mnmuch too small to detect.

MR.  PHI LLI PS: Wuld you have any estimate as
to the level of force that we would see increase as a

result of silting if it was possible?
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THE W TNESS: I've never seen an force
i ncrease. | really can't coment on that.

MR, PHI LLI PS: W had sone discussion this
norni ng about --

THE W TNESS: The vendor --

MR.  PHI LLI PS: Go ahead.

THE W TNESS: I was just going to say the
vendors, | think Parker is going to be on later. They
m ght have nore experience on that.

MR, PHI LLI PS: Are there any tests that could
be done? W talked about that this norning, but
testing we could attenpt to measure the forces

resulting from silting?

THE W TNESS: I would think that a test of
the type that Wrner Koch brought would -- it seens
reasonable to nme. I'mnot -- you know, | can't think of

anyt hing beyond that.
MR, PHI LLI PS: Do you have any plans or do
you know of any plans to do a test like that at Boeing?

THE WTNESS: No. W don't at Boeing. No.
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MR.  PHI LLI PS: Have you ever done a test like
that for the '67 or '57?

THE WTNESS: No, not specifically to |ook at
silting.

MR.  PHI LLI PS: Have you ever done chip shear
tests for your valves?

THE W TNESS: Not in the time that 1've been
at Boeing, other than the NISB test.

MR,  PHI LLI PS: There's been a recent 747 chip
shear test, hasn't there? Are you aware of that?
Since the accident investigation activity?

THE W TNESS: Not vaguely aware.

MR.  PHI LLI PS: Yes. That's about the limt
of nmy know edge, too.

CHAl RVAN  HALL: Just so | understand, that's
not on the fault tree, then. Is that correct?

THE W TNESS: The --

CHAl RVAN  HALL: The chip shear test or the
silting?

THE WTNESS: No.
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MR. PHILLI PSS Along those 1ines, in your
hazard assessnment, are you aware that -- well,
certainly jammng was a consideration but have you ever
considered the effects of silting in your failure
anal ysi s?

THE WTNESS: No, we haven't.

MR.  PHI LLI PS: So it's safe to say that
silting is a fairly recent thing that's cane into
discussion in this investigation and also it's fairly
recent to your experiences at Boeing?

THE W TNESS: That's correct. I nmean, we've
never seen any problens associated with silting on any
of our airplanes, so no, we haven't done anything.

MR,  PHI LLI PS: On the disassenbly of a part
that's had sonme silting, would you expect to see any
erosion in the lands or marking or anything that would
indicate the valve had been operated in silting
condi tions?

THE W TNESS: Not at normal contam nant

| evel s. Wen we did our Boeing contamination test, in
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there we had nmssive anmounts of particulates and there
we did see a lot of erosion. But again, you mght want
to ask that question of Parker or soneone that
regularly would inspect valves.

MR.  PHI LLI PS: Ri ght . Along the lines of
that contamnation test, would you expect that a test
like that with a very high level of contamnants, would
that represent silting condition or much worse than
silting?

THE W TNESS: Wll, as far as the effects on
valve friction, 1'd say it's nuch worse than silting.
I'"'m sure it's much worse than silting.

MR.  PHI LLI PS: So you believe the |I|arger
particul ates would increase the forces faster than the
smal|l particles -- than a bunch of small particles?

THE W TNESS: Only on the basis that in ny
experience we haven't yet.

CHAl RVAN  HALL: What is worse than silting?

I'"m sorry.

MR.  PHI LLI PS: The original question was
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about contanmination tests that Boeing ran at the end of
the year last year where they took a PCU and ran high

| evel s of contam nants through. The question was would
big particles, a bunch of big particles be wrse than a
bunch of little particles.

CHAl RVAN  HALL: And that's worse than
silting? | apologize, again. Wien this fan's going,
it's very difficult to hear up here.

THE W TNESS: As | was about to say, | would
say the answer is yes, only because in ny experience
haven't seen any high friction forces or anything due
to silting other than just the direct effect that | was
referring to on hysteresis.

MR, PHI LLI PS: Wre you involved in that
contam nation test last year in setting up the test or
witnessing it?

THE W TNESS: Yes. I was involved in setting
up the requirenents for the test.

MR, PHI LLI PS: Did you believe that was a

representative test to provide valid data for
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understanding the effects of contamnants in the PCU?

THE W TNESS: Wll, it was purposely nade
much, nuch worse than anything in service, so in the
sense that it was an absolute worst case, yes.

MR.  PHI LLI PS: And you took the filters out
of the PCU so you could purposely get nore |arge
particles in than you nornmally would expect?

THE W TNESS: Ri ght. I think it was on the
order of about 50 tines what we would expect to be
wor st case.

MR.  PHI LLI PS: Wul d you have expected the
results to have been any different if you used a
smal ler particulate over a longer period of tine? |
guess |'m asking you to extrapolate data here, but --

THE W TNESS: Vell, what we used was a w de
variety of sizes. | nean, we purposely selected the
sizes to be the full range of what's possible.

MR.  PHI LLI PS: And when you cycled the spools
in the servo valve, did you have a program or a nethod

of how those spools were cycled; rate or distance?
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are pressurized, which would vary quite a bit. It

m ght be a few mnutes. It mght be an extended period
of time. And then the pilot would do his controls

check.

So for that situation, we do have a case of
the valve sitting basically still and then the pilot
given an opportunity to see if anything is abnormal at
t hat point. That's just -- every flight has this
situation to sonme extent.

MR.  PHI LLI PS: Have you |ooked at the data
that indicates the health of the 737 fleet flight
control system recently? Are you famliar with yaw
danper events and roll events we've talked about
previously today?

THE W TNESS: Not intimately famliar. The
yaw danper and autopilot are not part of the area that
| cover. I am ware of the events but only from a
sonewhat peripheral standpoint.

MR.  PHI LLI PS: Well, nmy next question is that

in this list of events that -- you ve had several
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different nunbers subject to interpretation, but do you
believe we could be seeing the effects of silting or
contamnants in any of these events? Have we

researched them far enough to even nmake a statenent
along those |ines?

THE W TNESS: I don't think that we are, but
I don't know of any conditions where that would be the
nost | ogical explanation.

MR.  PHI LLI PS: Could we have characterized
the failure as a yaw danper coupler failure when in
effect it could have been sonething else? If we don't
find a fault with the cutout we renoved, does that
indicate it could be sonmething else?

THE W TNESS: If we get FDR data and it
indicates that the upset corresponds to a three degree
rudder input, then to nme it's the yaw danper problem
It's not a silting problem

I don't know of any cases -- again, | haven't
studied each one, but | don't know of any cases where

silting would make sense.
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MR, PHI LLI PS: I'd like to change directions
here a little bit and to go the standby rudder
act uat or.

Are you famliar with that conponent in the
syst enf?

THE W TNESS: Yes.

MR PHI LLI PS: And one of the things we've
di scussed today and at the last hearing also was
galling, which is the transfer of material between the
i nput bearing and the shaft.

Have you seen this galling condition? Have
you seen the parts?

THE WTNESS: No. I've seen a lot of
phot ogr aphs.

MR.  PHI LLI PS: And you're aware that both the
Colorado Springs and Pittsburgh aircraft had what we
considered galling on those shafts?

THE W TNESS: Ri ght .

MR.  PHI LLI PS: Have we had any other

occurrences in service airplanes of galling that you're
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aware of?

THE W TNESS: I know we've had on the order
of four or five specific occurrences of galling. Yes.
And if you were to include very, very mnor galling,
then we've probably had lots of cases of very, very
m nor galling.

MR, PHI LLI PS: What generally is the effect
of this galling to the airplane?

THE W TNESS: If it becomes severe enough,
generally it's picked up as a yaw danper problem |
think we've had cases where it was enough for the pilot
to feel. But these four or five worst case problens
I'"'m tal king about, they've all been picked up before
t hey' ve caused any upset or anything |ike that.

MR, PHI LLI PS: Were they found on the ground
then or during testing?

THE W TNESS: wll, if it affects yaw danper
performance, that would be in the air. The pilot could
pick it up during a controls check, also.

MR, PHI LLI PS: Is there any other way to
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detect galling in the standby actuator other than the
control check? |Is there any naintenance action that
would indicate that galling nay be present?

THE W TNESS: Yes. And |I'm not sure what the
time frame was when we did it, exactly, but right now
in our maintenance nmanuals, if we have a yaw danper
problem that's one of the things that the airlines
woul d be asked to check if they were follow ng
mai nt enance nanual  procedures. That wasn't always in
the maintenance nanuals. It's been the last couple of
years that we've had that coverage.

MR, PHI LLI PS: Have you considered the case
of a standby rudder actuator, galled in the worst
possible condition in either direction, what the result
to the airplane would be as far as rudder deflection
and controllability?

THE W TNESS: Vell,if you were to have a
conplete seizure of the linkage and it occurred right
when the autopilot -- or excuse nme -- when the yaw

danmper was putting in a full three degree command, it
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could get about 7-1/2 degrees of rudder.

MR, PHI LLI PS: Have there been any tests to
validate that or is that based on analysis?

THE W TNESS: The testing that was done was
done during the original certification. It's what we
call iron bird testing. It's a ground type -- on
ground working nock-up of the flight controls. And
from that we've gotten enough data to nmake calculations
where -- but the actual nunbers, the nunber that I
guoted, for exanple, is a calculated nunber.

MR, PHI LLI PS: Have there been any iron bird
tests done in recent history or does it go back to the
original certification of the airplane?

THE W TNESS: It goes back to the original
certification.

MR, PHI LLI PS: Has there been any discussion
as to the potential requirenent for doing additional
testing in light of the concern in this area?

THE W TNESS: Yes. W are considering doing

a test of the standby actuator where we'd basically
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install it to where it would freeze the input |ever.

MR.  PHI LLI PS: Is this a Boeing test?

THE W TNESS: Excuse ne. That would be
mainly just to validate our analysis.

MR.  PHI LLI PS: Is this test planned by Boeing
or is it in response to investigation activities?

THE W TNESS: It's at least partly in
response to the NTSB concerns.

MR.  PHI LLI PS: Along those lines, there was

in the last hearing, we heard sone testinony about
design changes to the input bearing and opening
clearances to reduce galling. Are there any new
changes planned for the standby PCU in light of the
fact that galling is still a concern?

THE W TNESS: Yes. W are planning on
putting in a design change that would put roller
bearing on the input shaft. That's what | believe was
nmentioned at the last hearing that we were considering
t hat .

MR, PHI LLI PS: Dd this result from the CDR
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recommendation or was it nore prior to the CDR findings

or --

THE W TNESS: Vell, we've been looking at it
for sone tine. It's kind of a conbination of events, |
t hi nk.

MR PHI LLI PS: Do you have anything to help
describe that? Do you have a chart on that, the design
change?

THE W TNESS: Yes. Nunber 4.

CHAl RVAN  HALL: Am | correct, this is in
response to a CDR recommendation or not?

MR.  PHI LLI PS: Say again, please?

CHAI RVAN  HALL: Is this change in response to
the CDR teamis recomendation or sonething Boeing --

MR, PHI LLI PS: W could ask M. Kullberg. |

think his answer was that it was in work or in

di scussion and it just fell in line, | guess.
THE W TNESS: It's been a concern on the part
of the NTSB. It was a concern on the part of the CDR

t eam So all those go into making a judgnent as to
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whether or not to nmake a design change.

Ckay. This shows the -- this is the input
shaft. This is the housing manifold of the actuator.
The <current configuration, this bearing and this
bearing, are not there. It's basically just a bushing.

And the galling that we're talking about occurs
between the shaft and the bushing right here.

So all that we're doing then is to redo this
piece to accomopdate these bearings. This design would
make it simlar to what we would do on nost other
control surface actuators.

MR, PHI LLI PS: Does the galling result from
side loads on this shaft? How do we get the loads into

this to create the galling?

THE W TNESS: It's mainly a lack of clearance
between the shaft and the bushing. I don't know that
it's necessarily a direct function of |oad. The
problens that we've had in the past have been -- | know

at least nost of them have been due to very tight

cl earances. In some cases we found them slightly out
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of drawi ng tolerance. They were a little tighter than
drawing tolerances would normally allow.

W've also -- we've nmde design changes in
the past to open up the clearance in what we call the
drive part so that the actual wear surfaces are
ubricated by the fluid inside the actuator. The
actuators that we have with this nodification, the
galling has been very, very limted but it still is
there. You can still see sonme galling. So we're taking
a final step, basically.

MR.  PHI LLI PS: You nentioned that you use a
design simlar to this in other applications. Coul d
you tell us what those are? Oher standby actuators or
ot her --

THE WTNESS: No. I mean the use of these
types of bearings to support the shaft.

MR.  PHI LLI PS: Ckay. How do you plan to
implemrent this change or what's the plan for
i npl emrentation on the 737 fleet?

THE W TNESS: I'm not sure if that's been
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decided but | assume that we wll -- the vendor wll
put out a service bulletin that would give rework
instructions to nmke the nodification.

MR.  PHI LLI PS: So at this stage, this is an
engi neering proposal that hasn't been approved?

THE W TNESS: It's been approved but the
scheduling hasn't been done.

MR.  PHI LLI PS: Has there been any discussion
at Boeing about the criticality of this change? What
| evel of service bulletin you would recommend that it
be?

THE W TNESS: It hasn't gotten that far yet.

MR, PHI LLI PS: Just on the spot assessment,
it would just be a nmandatory or --

THE W TNESS: Wll, nmy guess at this tine, it
would be a normal service bulletin.

MR.  PHI LLI PS: So by that, the operator would
have the option of either doing it or not as he
desired?

THE W TNESS: Ri ght. W would recomend it
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but we don't consider it a safety of flight item

MR.  PHI LLI PS: Have you had any discussions
with the FAA that would indicate that they nay consider
this to be an airworthiness directive service bulletin?

THE WTNESS: No. | think that the FAA has
indicated that they're going to consider nmaking it
mandat ory but we haven't had detailed discussions wth
them at this point.

MR, PHI LLI PS: How would you have discussions
with them once the decision was nade to make an AD?
Wuld you get involved in the process of negotiating
conpliance dates or schedules or anything like that?

THE W TNESS: Yes.

MR PHI LLI PS: Your slide says the 300, 400,
500 airpl anes. Could this also be used on the 100, 200
ai rpl anes?

THE W TNESS: Yes.

MR.  PHI LLI PS: Wuld you expect that it would
also apply to them too?

THE W TNESS: Yes.
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MR, PHI LLI PS: One other question in the area
of the standby, nore on the function than on galling on
this design change. How would the standby function if
-- could the standby actuator function if both A and B
systens were pressurized? Is there a failure mechanism
that would allow the standby actuator to be energized?

THE W TNESS: You could have failures that
woul d cause it to be energized. In fact, that was a
failure node that was brought up by the CDR team and we
did do analysis to look at that. This is not -- if it
were to pressurize with the other two, you would have a
potential or you could exceed limt |oad, but you would
exceed it only by a small margin. You still would
mai ntain an adequate nmargin to ultimate |oad, the
margin that's required for a failure.

It's been |ooked at fairly thoroughly.

MR, PHI LLI PS: Ckay. Could you describe
limt load versus ultinmate |oad? How does that apply?

THE W TNESS: I'"'m not a structural engineer,

but fundanentally the limt load tends to be the
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maxi mum operating load and the ultinmate load is wusually
50 percent higher.

MR, PHI LLI PS: So the effect of the standby
being pressurized with both systens pressurized would
cause a structural |oad to be inposed on the airplane?

THE W TNESS: If the pilot were to put in
maxi mum rudder input all the way to the blow down
limt, then he would not maintain the margins that you
would normally have, the structural margins that you
would normally have.

MR, PHI LLI PS: And those margins are in the
rudder structure itself or the system attachnent
structure?

THE W TNESS: That's out of ny area.

MR, PHI LLI PS: Ckay. No probl em

In this failure assessnment or analysis that
you've done for the FAA for the CDR response, can you
characterize any changes that you foresee in the
airplane? Was there any significant findings that you

presented to them that you can tell wus about here today
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that lead you to believe that changes need to be nade
to the airplane?

THE W TNESS: W' ve already discussed the
st andby PCU. In addition to that, we are planning on
| ooking at what can be done to inprove the reliability
of the yaw danper and we haven't gotten to the point
yet of saying what would be redesigned, but we wll do
sonething to inprove its reliability.

MR, PHI LLI PS: Do you see that reliability
issue as a safety of flight issue?

THE W TNESS: For the yaw danper? No. It's
I think discussed that the yaw danper is limted to
three degrees and we talked earlier about this program
to look for sonething that's nore than three degrees.
But where we have had incidents and we have been able
to get flight data recorders, | don't think there's any
case where it would look like a yaw danper has gone
beyond three degrees.

MR, PHI LLI PS: Are you aware of any plans by

Boeing to significantly redesign the rudder system nmain
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power control wunit or standby unit, other than what
you've described?

THE WTNESS: No.

MR, PHI LLI PS: Is there any activity at
Boeing to do any additional failure analysis or hazard
assessnent work as followup to the things you' ve
already provided? Any new areas of exploration or
concern?

THE W TNESS: None that I -- no. There may
be things that cone up as we have our discussions with
t he FAA They nmay want nore data or testing.

MR.  PHI LLI PS: | think that's all | have for
NOW. If you have any coments you'd like to add, 1'd
certainly give you the opportunity.

THE WTNESS: No.

MR, PHI LLI PS: Ckay. Thank you.

CHAl RVAN  HALL: QG her questions from the
Techni cal Panel ?

(No response.)

If not, we'll nove to the parties. Wul d any

CAPITAL HILL REPORTING |INC
(202) 466- 9500



10
11
12
13
14
15
16
17
18
19
20

1798

of the parties have questions for this wtness?

| see the hands of the Boeing Airline G oup,
the Air Line Pilots Association, USAir, the FAA

M. Donner?

MR. DONNER: I haven't even read the
guesti ons.

M. Kullberg, do you agree with M. Koch that
an active yaw danper would reduce the probability for
silting?

THE W TNESS: Yes. The valve as it noves is
sel f-cl eansi ng.

MR. DONNER: Did you hear M. Evans'
testinony this norning?

THE W TNESS: Yes.

MR. DONNER: Based upon the yaw danper
activity shown by M. Evans, would you care to coment
on the effect of this activity on silting?

THE W TNESS: On silting?

MR.  DONNER: Yes. On the activity that she

showed for the yaw danper?
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THE W TNESS: I wouldn't expect to have
silting. But then, again, like | nmentioned with the
anmount of wunderlap and the filters that we have on the
actuator, | really wouldn't expect much of an effect on
silting under any circunstances.

MR.  DONNER: Thank you very nuch.

CHAl RVAN  HALL: USAir? General?

GENERAL ARVBTRONG Thank you, sir.

If you would, please refer to Exhibit 9X-A
page 21 in the references, the top of the page, "Single
Failures - Rudder." The second sentence says: Failures
suggest there are a nunber of ways where |oss of rudder
control and potential for a sustained rudder hardover
may occur.

Do you concur with that?

THE W TNESS: Yes.

GENERAL ARVBTRONG And this is in the
Critical Design Review report?

THE W TNESS: Yes. By a nunber of ways it

certain is. It's a very limted nunber of ways but a
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nunber .

GENERAL ARVSTRONG Butit is possible.
Ckay. Thank you.

CHAl RVAN  HALL: The Air Line Pilots
Associ ation. Captain?

MR LeGROW Thank you, M. Chairnan.

Good afternoon, M. Kullberg. | just have
one questi on.

In M. Phillips' questioning he talked about
a severely galled standby actuator. And it's ny
understanding that your answer or your statenent was
that the yaw danmper would then give you seven or 7-1/2
degrees authority?

THE W TNESS: That's correct. The scenario
would be basically that the yaw danmper has gone full
over all the way to the full three degrees. It then
jans the yaw danper then cones back to zero. For that
situation with an absolutely hard jam that you would
get about 7-1/2 degrees of rudder offset. So that's a

very severe situation.
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MR LeGROW So the yaw danper would have to
be jamed also?

THE WTNESS: No, no. The situation is that
the yaw danper, for whatever reason, has but in a full
command. So there's extreme turbul ence. It's gone all
the way to it's limt. That particular nmoment in tine
you were to then suddenly lock up the standby actuator,
so it's rigidly attached at that point to the manifold,
a hard jam At that point, nothing has happened except
the three degree of yaw danper.

Now if you were then to take the yaw danper
command, bring it back to zero, that would result in
about a 7-1/2 offset.

MR.  LeGROW Ckay. | understand now. Thank
you.

Thank you, M. Chairnan.

CHAIRVAN HALL: M. Purvis, Boeing Conmerci al
Ai rplane G oup.

MR. PURVI S: Thank you.

First, | want to go back to his -- wthout
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using the viewfoils. He was turned this way while he
was describing certain things and I'm not sure it got
through to this direction to the audience.

First of all, talking about underlap and
overlap, in particular, the wunderlap condition, can you
equate that to a gap or sonmething sinple like that in
the opening on the sides?

Let's say an underl ap. Can that be equated
to a gap?

THE W TNESS: If you have underlap, then the
primary spool land is narrower than the orifice that
it's covering up so that there's a gap on either side
of the I and.

MR.  PURVI S: Wth the valve in neutral?

THE W TNESS: Wth the valve in neutral.
Correct. Yes.

MR.  PURVI S: In your opinion, is silting like
to occur on a 737? And if not, can you explain what
would keep it from happening? | think you ve done a

little bit of that previously.
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THE W TNESS: Yes. The fluid coming into the
PCU is filtered. It's filtered down to say 25 micron
type of particle. The gap in the valve is several
times bigger than that, so it would be very difficult
for it to silt.

MR. PURVI S: And can you explain again the
effect of the yaw danper action on that, on silting?

THE W TNESS: Vll, the notion of the control
valve from the pilot or the yaw danper tends to clear
any silt that would accunulate nonentarily. So that
that's why Wrner Koch, for instance said, well, let's
run a test with no input to the valve.

| agree with him That would be nore severe
for silting. But as long as the airplane is flying,
the yaw danper, unless it were switched off, would be
putting an input into the valve.

MR.  PURVI S: Once again, you were facing the
screen when you were describing that. If in sone
hypot hetical case silting did occur, how much -- in the

wor st case scenario, how much surface rudder notion
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would you actually get wuntil it flushed or it cleared?
THE W TNESS: It would be on the order of .05
degr ees. Basically, it should be mnuscule.
MR PURVI S: . 05?

THE W TNESS: A tiny, tiny anount. Yes.

MR. PURVI S: So that's what? A tenth of a
half a degree; right?

Going back to the exhibit that -- | think
it's 9X-A 21. Is that the pages that was referred to
just previously? Do you have that open again?

THE W TNESS: Yes.

MR. PURVI S: And the failures, the sentence
that was quoted, the failures suggest there are a
nunber of ways where |oss of rudder control and
potential for sustained --

THE W TNESS: Yes. Can | nmake a conment?

MR.  PURVI S: Yes.

THE W TNESS: Because in re-reading this, the
term failures, | think the CDR team here was referring

to jans. Sonetimes you think of failures as only being
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di sconnects. An exanple of what they were talking
about, if you were to look into the report, is say you
were to get a cable jam and a cable jam were to occur
at a full pilot input. That would result in a

sustai ned rudder hardover and that's where we really
don't think it's reasonable to have a jam conbined
with a rudder deflection that really would only occur
if you had sone type of energency situation.

W saw in the -- read at the very beginning
the histogranms of rudder deflection and ny recollection
is that rudder deflections were less than five degrees
out of 134 flights.

MR PURVI S: Are these -- in doing a FMEA or
somet hing, would these be considered highly inprobable
event s?

THE W TNESS: A jam conbined with a |arge
rudder input would definitely be considered extremnely
i mpr obabl e.

MR.  PURVI S: On galling, did you say you had

seen photographs from the USAir 427 event on the
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galling from the standby unit?
THE W TNESS: Yes, | have.
MR. PURVI S: Wuld you characterize the

amount of galling as -- 1'Il let you say.
THE W TNESS: It was quite severe. Excuse
nme. You said the United Airlines?

MR PURVI S: No. USAI r 427.

THE WTNESS: Ch, excuse ne. I was -- excuse

nme. I was talking about the United Airlines case. The

USAir one, the ones |'ve seen, galling was quite mnor.

MR.  PURVI S: And on the United one, do you
want to talk about that one, too?

THE W TNESS: Wll, | wasn't working in this
area at the tine but the reports |I've read is that the
galling was relatively severe on that airplane.

I think -- well, quite a bit of testing was
done to determine what the effect of galling was for
that situation. The NISB test report which is
basically where |I'm coming from on that is that the

galling wouldn't have really been applicable, in that

CAPI TAL HILL REPORTING |INC
(202) 466- 9500



10
11
12
13
14
15
16
17
18
19
20

1807

the retainer for the shaft was | oosened. So at the
time of the crash, the input I|inkage would have been
free.

MR PURVI S: So the effect of the galling was
what ?
THE W TNESS: That it |oosened the retainer.
MR. PURVI S: And then it was free to nove?
Is that what you're saying?

THE W TNESS: That's correct. But again, ny

input is basically what | read in the NISB report.
MR. PURVI S: And the last question. If in
fact you had a hardover, if you want to call it that,

from a galled standby, would the pilot |ose control?
THE WTNESS: No. The situation would always
be controllable. For the relatively severe case that |
mentioned, if you did get the 7-1/2 degrees, the pilot
could easily get the rudder back to neutral.
MR.  PURVI S: Thank you, M. Chairnan. | have
no further questions.

CHAI RVAN  HALL: Thank you.
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M. dark?

MR CLARK W' ve been talking about the
galling and the three degree yaw danper input and a
seven degree effect from a fully galled or a fully
bound up input lever to the standby. You nentioned
earlier that part of that nunber or that seven degree
calculation or whatever, canme from the iron bird test
during the original certification.

Was that particular problem specifically
addressed in the iron bird test?

THE WTNESS: No. The iron bird test I'm
referring to was -- 1 need to give a little background.
Initially there was a shear out that was intended to
protect against those |ans. Wen they ran the iron
bird test, they found that they could get the rudder
back to zero with a pedal force that was |less than the
shear-out force, so that as a result of that, they
removed the shear-outs. In other words, the shear-out
wasn't needed because it took less force to get the

rudder back to neutral than it would have taken to
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shear it out.

And that testing was done before ny tine,
obviously, during the woriginal certification. But the
test itself has allowed us to do sonme calculations of
ot her scenarios that people can hypothesize.

MR. CLARK: The data fromthat you can
extrapolate to other scenarios?

THE W TNESS: Ri ght .

MR, CLARK: Were was the shear-out going to
be placed in the systen? \Were was it placed?

THE W TNESS: I'"'m not sure exactly. It was
basically in the input |[inkage.

MR CLARK: To the main PCU or to the

st andby?

THE W TNESS: To the standby.

MR. CLARK: To the standby.

You nentioned that you're planning sone
changes -- well, let nme back it up. "1l come to this

in a mnute.

W earlier talked about the chip shear
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requirements in this wunit. That basically we can get a
maxi mum of somewhere around 40 pounds into the servo
valve and sone units carry 100 pounds. What's the
[imting factor in this unit that holds us at 40
pounds?

THE W TNESS: That's what we call the walking
beam |inkage, which is a link that allows the yaw
danper to nmake an input to the Iinkage. It provides a
centering function and it's kind of a remant of when
we had two yaw danpers. If you have two yaw danpers,
in order for them to operate one at a tine, you have to
have what amounts to a spring |oaded Iink. And that's
-- the force that spring loaded link puts in is what
[imts the chip shear to the valve.

MR CLARK So if I were to sonehow try to
load 40 pounds into the valve, at that point the
breakout starts noving?

THE W TNESS: Correct.

MR. CLARK Is there any reason to have that

in there now?
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THE W TNESS: Only that it would take a
pretty conplete redesign of the actuator to elimnate
it.

MR CLARK Could you stiffen the spring to
drive that force up?

THE W TNESS: Sonething like that.

MR, CLARK Functionally, other than an effort to
go through the redesign, there's no reason to have the
breakout in there, or the breakout portion of the
wal ki ng beanf?

THE W TNESS: | believe that's correct.

Now, one other comment on the chip shear
force. W have been looking at the chip shear
capability of the valve, and 40 pounds or 42 pounds is
really kind of a mnimum capability that if you were to
get two valve jans, for exanple, both the primary and
secondary were to jam which is the situation that we'd
be concerned about, it's probable that you could get
significantly nore than 42 pounds. But we -- at this

time, we don't have test data to validate that.
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So the 42 pounds that's been nentioned is
kind of a mninmum chip shear capability.

MR. CLARK You're saying that if you had the
inner valve jamed to the outer valve and the outer
valve jamed to the body, you could end up requiring
much nore than the 42 pounds to break that out?

THE W TNESS: Not requiring, but you
potentially could get in a greater chip shear force

than the 42 pounds. W were just talking about the

wal king beam limting the chip shear force. Part of

the reason it's limting it is because of conpliance in

the |inkage. The primary |inkage has nore conpliance.
In other words, it's less stiff than the secondary, so

that it appears that if you were to jam the secondary,
that you could get nore than the 42 pounds.
That's a little bit of an aside, but the 42
pounds that we nentioned is basically a mninmm |evel.
MR. CLARK: That would still conme down to a
well, let ne ask it this way then. If we were

dealing with that conbination that gave us greater than
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42 pounds, each jam could be contributing less than --

THE WTNESS: GCh, no, no. Each jam would get
that full 42 pounds. It's just that it may be possible
to get even nmore than 42 pounds. But you'd have the
sanme force being applied to each valve slide, so in
order to jam both of them you would sonehow have to get
-- let's say a chip into each valve, neither one of
which could be sheared out with 42 pounds.

So when you start |ooking at the |ikelihood
of being able to get a chip in there based upon the
test data, a chip into each valve slide that is
stronger than that 42 pounds, it's really, really
r enot e.

MR CLARK But even at that, if a
contam nate that caused that, at least for the testing
today, would that leave a witness nmark on the edge of
t he opening?

THE W TNESS: Yes. And the test that was
referred to earlier, the one case that it shifted and

not sheared, it did |leave a wtness nark. And | think
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that the witness nmarks were left for the nmpjority of
chips that were sheared.

MR. CLARK: I"m still not clear. W tal ked
to M. Zelinski earlier and asked him about the
certification basis of this rudder wunit, this PCU in
the context of assumng that there could be a rudder
har dover .

How did Boeing determne that that's a safe
situation? Either that scenario could not happen or
could be controlled or whatever. What's the
certification basis in that regard or the determnation
that a rudder hardover is not a problenf?

THE W TNESS: I don't know exactly what went
on in the original certification but in our analysis
that we've done as a result of the CDR we've concluded
that the hardover is extrenely inprobable.

MR CLARK Ckay. That's the way it is now?

THE W TNESS: That's correct.

MR CLARK And was that based on the CDR or

the flight test or both that bought into question the
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controllability issue?

THE W TNESS: It's based upon our analysis
that was done as a result of the CDR but subsequent to
it. This is part of the submttal that we made to the
FAA on Cctober 2nd.

MR. CLARK: Back at the original
certification -- let ne ask it this way. The original
basis was that the lateral authority was greater than
the directional authority in the event of a rudder
har dover ?

THE WTNESS: No. If you read the failure
analysis, it kind of mentions both. The witing of the
original failure analysis it's sinply not clear enough
to be able to determine exactly how it was certified.
Normally you wite the failure analysis and submt it
to the FAA. There's discussion that goes on with the
FAA. And | don't know how the final determ nation was
based or what it was based on.

MR. CLARK: | guess the thing that throws ne

is that M. Zielinski said earlier that he felt that it
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was bot h. Both within that original certification the
issue of the airplane could be controlled if this event
happened, and also that the probability was very |ow

THE W TNESS: It could well be both. MW
understanding is the airplane is controllable for nost
of the flight envelope and not every corner of the
envel ope, though. So it does -- if you start doing a
qualitative judgment, you do take both factors into
account .

MR, CLARK Ckay. Are there any changes --
well, you ve talked about changes that have been
pl anned for the standby unit and the yaw danpers
itself. Are there any changes being planned for the
PCU itself?

THE WTNESS: No.

MR, CLARK: So based on the design as is,
Boeing's confortable wth that design?

THE W TNESS: That's correct.

MR. CLARK Ckay. Thank you.

CHAI RVAN  HALL: M. Marx?
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MR MARX: I just have a few questions here.

I want to follow up on this walking beam |Is
there any way to keep the wal king beam from wal ki ng?
Like freeze it, weld it to keep it --

THE WTNESS: No. In order for the yaw
danmper to function as it is now, Yyou have to be able to
nove the wal king beam Wenever the yaw danper ma-
piston, the little yaw danper piston, whenever that

noves to make an input it has to be able to nove the

wal ki ng beam If it didn"t, it would be locked in
pl ace.

MR MARX But | nmean the so-called
br eakaway. My understanding of the walking beam is

that it folds or causes --

THE W TNESS: One end of the linkage is
gr ounded. The mddle of it is attached to the walKking
beam The other end is attached to the piston so that
this wal king beam gets upset as the piston noves.

MR MARX: So there isn't any --

THE W TNESS: You couldn't do it like that.
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No. You'd have to relocate the nma-piston so it's
directly in line with the summing |ever.

MR MARX: Wthout the walking beam there,
what would be the force be? W're talking about 42 as
a mnimm with the walking beam If you didn't have
that --

THE W TNESS: I"m not exactly sure if the --
it would be substantially higher, though.

MR MARX: And you also --

MR. CLARK: Let ne clarify. The wal ki ng beam
has to be there. W're talking about the breakout
portion, the bending of the walking beam The wal ki ng
beam always has to be there and nove by the current
desi gn.

THE W TNESS: You nean stiffen it? Then you
get into structural problems with the I|inkage itself.
So I'm not an expert on that but you would get into
strength probl ens.

MR, CLARK Ckay. Thank you.

MR MARX: You also were talking about the
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case where we would sonmehow freeze the standby shaft
and the bearing from galling or some other -- mainly

galling nechani sm You tal ked about a 7-1/2 degree

rudder defl ection. Does that take into account
bl owdown? | nean, is that 7-1/2 degrees at say 190
knots, would that still be able to nove the rudder 7-

1/2 degrees?

THE W TNESS: Yes. At 190 knots you're on
the order of about 20 degrees from blowdown, so that's
less than halfway to bl owdown.

CHAI RVAN HALL: M. Mrx, you mght tell wus
what bl owdown is, or one of you.

MR MARX: Vell, | think the witness would be
much better to explain blowdown.

THE W TNESS: Ckay. The actuator has

obviously a finite force capability. If you put in a
maxi mum comand to the actuator, it generates a full
3,000 psi. The inner load is going to stop the rudder

when you hit a force balance, and that we commonly call

bl owdown.
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MR MARX In other events that would be
suspected of sonme kind of wuncomanded yaw or yaw danper
anomal i es, have they checked the standby shaft bearing
-- so-called bearing? It's actually called a bearing

for galling in these instances?

THE W TNESS: Yes. That's part of the
troubl eshooting procedure for yaw danper problens.

MR MARX How do they do that?

THE W TNESS: They disconnect the input
| inkage and neasure the force required to nove the
i nput |inkage.

MR MARX: No. Have they ever disassenbled

it to find out if there's galling, if it's still there?
THE W TNESS: I'"'m sure they haven different
occasi ons. | can't say specifically though.

MR MARX So mainly they're just measuring
the force on the lever arm to see if there is a frozen
condi tion?

THE W TNESS: Well, there's a requirenent

that it be less than one pound. So if it's within the
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one pound operating limt, they typically would not
renove the actuator. No.

MR MARX That brings me to the question of
what is normal wear and tear on these standby bearings?
For instance, do we know what type of galling we would
expect to have on a bearing that's been in service for
so nmany years? Has there been any tests or
exam nations that are done on these particular
conponents to get the norm as to what type of wear and
tear is actually occurring?

THE W TNESS: | don't know of any specific
studies on that. I think as part of the United
Airlines Colorado Springs that they did sone testing
but I wasn't a party to that.

MR MARX You were talking about silting
between the primary and the secondary and that the
underlap in this case would be |ess probable of having
silting. Between the secondary and the housing, isn't
there an overlap?

THE W TNESS: That's correct.
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MR MARX And would that be nore prone then
to silting?

THE W TNESS: Well, there's no flow so if you
don't have flow bringing the particles in, then | don't
really understand how you'd get silting.

MR MARX Ckay. So the real silting problem
would be right around the net |ap?

THE W TNESS: Ri ght .

MR MARX I have no further questions.

Thanks.

CHAI RMAN HALL: M. Schl eede?

MR.  SCHLEEDE: No questions.

CHAl RVAN HALL: M. Laynor?

MR.  LAYNOR Yes, sir.

I'"'m going to belabor a couple of points, M.
Kul | berg.

First of all, in the galling of the standby
input arm has any consideration been given to what the
effect would be if the standby system were pressurized?

THE W TNESS: If it were pressurized full-
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time?

MR. LAYNOR: Yes, sir. Well, if it were
pressurized for any reason during the flight and this
galling condition existed.

THE W TNESS: Wll, the effect would be very
simlar to what it would be when it's not pressurized,
in that -- well, excuse ne.

MR, LAYNOR Wuld you be able to null out
the servo valve in the standby PCU?

THE W TNESS: You would have to apply a force
that would overcone the galling in order to center the
val ve. But there's also a large dead zone in the valve
so that you normally, when you pressurized it, you' d be
within the dead zone of the valve. So you'd also, |
believe, by having thought about this in advance, |
think you'd have to be outside of that dead zone.

MR.  LAYNOR Well, do you agree that it's
possible that that could be a nore serious situation,
given the pressurization of the standby system if it's

galled out in neutral, out of null?
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THE W TNESS: You'd first have to lose two
hydraulic systens before the standby would actually
over cone. And also, the standby system is verified.

The actuator is verified at each seat check.

MR.  LAYNOR And getting back to the walking
beam and a breakout in the main PCU from the standpoint
of chip shear, has Boeing established that it's not
possible or it is designed such that it's not possible
t hrough progressive pedal novenent and force to get
beyond the breakout, so to speak? Beyond the
[imtations of the breakout?

In other words, can you -- if you continue to
apply force, can you exceed the 40 pounds?

THE W TNESS: That's what | was --
eventual ly, the walking beam bottons out but it bottons
out about the sane tinme you hit the valve stops. But
that's what |1'm tal king about. You may have sone extra
capability for the dual jam case.

MR.  LAYNOR Ckay. So that would cone about

by progressive force?
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THE W TNESS: By bottom ng out the walking
beam and then you can then apply sone nore force.

MR.  LAYNOR And this goes back to a
di scussion you had with M. Phillips, but | was
wondering if you mght clarify for ne from your
viewpoint as a DER in particular, what the essential
difference would be in the certification requirenents
for that rudder power control wunit and the control
system by today's standards conpared to what it was in
1965, the primary major differences.

THE W TNESS: Primary differences would be
with multiple failures. In '65 '67, they did not
address nmultiple failures. And that's one of the
things that the CDR team did address. That's where the
fault tree analysis conmes in to try to predict the
probability of critical events.

MR, LAYNOR Al right. So by --1'm not
sure | wunderstand, but by 1965 standards a single
failure which could not be tolerated by the airplane

woul d be acceptable to the certification teanf
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THE WTNESS: No. | touched on this just
briefly, but there are no single disconnects on a '37
rudder that can cause uncommanded notion. Wiere you
get into the issue is the current 671 says that you
must be good for any single failure excluding jans, if
they can be shown to be extrenely inprobable.

So even under the current regulations, you
can certainly use the argunent that a jam is extrenely
i mpr obabl e. So you would look at what does it really
take to cause the jam and is it reasonable or is it an
unreasonabl e type of situation.

MR.  LAYNOR Do you know what the philosophy
was in the dual concentric servo valve conpared to say
a tandem servo valve spool or just a single valve?

THE W TNESS: The dual concentric valve is
designed to be tolerant of a single jam whereas a
single spool obviously is not.

MR.  LAYNOR And that was a design criteria
in 19657

THE W TNESS: Vell, it was -- at least it was
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a Boeing criteria that you be able to neutralize a jam
MR.  LAYNOR Has Boeing given any
consideration with the know edge that they have today
on any pressure reduction or any changes, nodifications
to the hydraulic system itself rather than the PCU, to
acconmmodate the total flight envelope and

controllability?

THE W TNESS: Wien you say consideration,
we've |ooked at it. But when you do sonething |ike
that, you nake sacrifices in other areas. The rudder
power is there for reasons, and when you start --
sonmething like a pressure reducer does degrade the
overall capability of the rudder.

MR.  LAYNOR Do you have any such logic in
any of your other airplanes for structural
consi derations?

THE W TNESS: Yes. W do do pressure
l[imting on other airplanes and we do do ratio changes
on other airplanes. They are there for structural

reasons.
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MR.  LAYNOR Al right. Thank you, M.
Kul | ber g.

CHAl RVAN  HALL: Thank you, M. Kullberg, for
your testinony. I have just a few questions for you.

Could you explain as succinctly as you can
what is a designated engineering representative?

THE W TNESS: He's basically in play if, in
this case, a manufacturer that has denonstrated certain
capabilities, integrity type of thing to the FAA and
the FAA has authorized him to nake certain findings of
conpliance with the FAR s and to prove certain types of
dat a.

CHAl RVAN  HALL: Is this a position you
volunteer for or you are selected for?

THE WTNESS: No. It's both. | nean, in
order to becone a DER you have to denonstrate, like |
said, a nunber of things both to the Boeing Conpany and
to the FAA

CHAl RVAN  HALL: | guess ny point is how did

you beconme a DER on this airplane? D d the airline
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select you? Did the FAA select you? | nean, the
airplane group?

THE W TNESS: Wll, Boeing presents you as a
candidate and then the FAA either accepts or rejects
you.

CHAl RVAN  HALL: And who has the
responsibility of accepting or rejecting you?

THE W TNESS: The FAA Seattle Certification
Ofice in this case.

CHAI RVAN HALL: In Seattle, the Aircraft
Certification Office?

THE W TNESS: Correct.

CHAI RVAN  HALL: So to the extent that you
report to anyone, you are supervised by that entity?

THE W TNESS: Whenever |'m acting as a DER
I"'m really reporting to the FAA

CHAl RVAN  HALL: And how | ong have you been a
DER on the 737 for hydraulics/flight control?

THE W TNESS: On the "37 for about a year and

a half. Previous to that I was DER and currently am a
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DER for the 757. That's about 10 years now.

CHAl RVAN  HALL: So you've been the DER on
both planes for sone period of tinme then?

THE W TNESS: Well, | just recently took over
the ' 37.

CHAl RVAN  HALL: So you were not the
designated engineering representative at the tine of
the Colorado Springs accident?

THE W TNESS: That's correct.

CHAl RVAN  HALL: The recomendations that you
| ooked at of the 20 -- is it 7 or 9 -- 27
recomrendati ons, how many of those have you been
responsible for responding to or been involved in
respondi ng to?

THE W TNESS: Wll, within the 737
engi neering, we've responded to -- | believe it's 15
recommendat i ons.

CHAI RVAN  HALL: 15. Has that been done in
writing?

THE W TNESS: That's correct.
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CHAl RVAN  HALL: And when was that done?

THE W TNESS: W submitted it -- | believe it
was October 2nd of this year.

CHAI RVAN  HALL.: Cct ober 2nd. So you received
that | guess in My and you have given your response in
writing. Have you conpleted your work? Has Boeing
conpleted its work on the response to those
recommendat i ons?

THE W TNESS: Yes.

CHAl RVAN  HALL: So there's no further work
that's in progress in ternms of responding to those
recommendat i ons?

THE W TNESS: That's correct. But once the
FAA has done their analysis, | would not be surprised
to be requested nore data.

CHAl RVAN  HALL: Are there any actions that
you all anticipate that have been generated as a result
of those recommendations inside Boeing?

THE W TNESS: Just what |'ve talked about on

the standby PCU and the yaw danper.
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CHAl RVAN  HALL: Two itens?

THE W TNESS: Well, of those 15, yes.

CHAl RVAN  HALL: And what is your
understanding of the report you submitted to the FAA?
What will becone of that report?

THE W TNESS: My assunption is that the --
well, | know that the FAA is currently evaluating it.
I would expect to start hearing from them very shortly.

I'd like to correct one thing. Al so, one of
the recommendations was regarding cable inspections.
That one's been closed out and we did neke changes to
the maintenance nmanuals on that.

CHAl RVAN  HALL: Well, just on, for exanple,
Recommendati on Nunber 12, was that one that you all --
where it says require the failure analysis of the
Boeing 737 yaw danper identified conponents and any
rel evant tests be conducted to identify all failure
nodes, nmalfunctions and potential jam conditions of
these vital elenents. Have you conpleted work on that

one and did you conduct tests as recomended here?
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THE W TNESS: W didn't do any specific
testing. W did very extensive analysis.

CHAl RVAN  HALL: And would you anticipate, in
light of this recomendation, that the FAA would cone
back and ask you to conduct any tests?

THE W TNESS: It's certainly possible that
t hey coul d. I can't say that | would anticipate that
they would, but it's possible.

CHAI RVAN  HALL: The fault tree. I's that
sonething that is updated from tine to time or is that
sonmething that exists -- you know, once it's created,
is static?

THE W TNESS: W would not nornally update
the fault trees for the whole of a system The FAA may
request us to update them for specific concerns that
they m ght have.

CHAI RVAN  HALL: Wiere there any changes that
you were aware of in the fault tree as a result of
either the Pittsburgh or the Colorado Springs

acci dents?
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THE W TNESS: On the '"37, the first time that
we submitted fault trees was just very recently as a
result of the CDR reconmendati ons. W did not submt
fault trees in the original --

CHAl RVAN  HALL: | just apologize, M.

Kul | ber g. | can't hear with that fan going on. Woul d
you mind repeating that again, please?

THE W TNESS: The fault trees that |'ve
referred to, those fault trees were just submitted in
Cct ober. W did not previous to that submt fault
trees except | believe for some autopilot design
changes. So the fault tree submittal is basically brand
new.

CHAl RVAN  HALL: Al right. The subject of
silting and if 1 try to follow your testinony and the
question M. Donner canme up with is that that yaw
danper noves and therefore that would renove the silt.

Is that what you're saying essentially?
THE W TNESS: That's correct. If it did

silt, it would.

CAPI TAL H LL REPORTING | NC
(202) 466-9500



10
11
12
13
14
15
16
17
18
19
20

1835

CHAl RVAN  HALL: Do you still think we need to
do a silting test? And if so, why?

THE WTNESS: No. | don't think that we need
to do one. | sinply stated that | didn't have any
objection to doing it. | don't think that we would

learn a whole lot but if it would put people' s concerns
to rest, then | wouldn't have any objection.

CHAl RVAN  HALL: Wll, that's wunderstandabl e.

In your 18 nonths and your previous
experience as a DER on Boeing products, is there
anything else that we should be |ooking at that Boeing
has not already addressed or things that cone to your
attention, tests that should be done? Anything else
that you think we ought to be doing on this
i nvestigation?

THE WTNESS: No. I think tony mind the
investigation has been very, very thorough. W still
are talking about possibly running some other tests.

W nentioned the standby actuator testing. Again, |

don't think it's directly applicable to the accidents
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but I'm at a loss to come up with anything that would
nmake sense that hasn't already been done.

CHAl RVAN  HALL: Al right. well, M.
Kul | berg, we appreciate your testinony and you are --
may step down.

(Wtness excused.)

CHAl RVAN  HALL: Before we call the next
witness, | would just like to bring to the attention of
the audience and the news nedia, because the question
has been brought to ny attention, that at the
Pittsburgh hearing on January 27th, at the close of
that hearing, | nade the follow ng statenent. And I'm
going to read from the transcript:

The Board welconmes any information or
reconmmendations from the parties or the public which
may assist in its efforts to ensure the safe operation
of commercial aircraft. Any such recomendations
should be sent to the National Transportation Safety
Board, Washington, D. C 20594, to M. Tom Haueter's

di rection. That's M. Haueter right there.

CAPITAL HILL REPORTING |INC
(202) 466- 9500



10
11
12
13
14
15
16
17
18
19
20

1837

And M. Haueter patiently responded to nany,
many letters that we have gotten from the general
public and others in regard to information or
reconmendations that they present.

And | want to say today the Board wel cones
any information from the public. And | again wll read
into the record again, nine nonths later, that if
anyone has anything useful, of course we want to see
it. Tom Haueter is the investigator-in-charge. H s
phone nunber is 382-6830. So if you don't want to call
him -- wite him you can call him

This leads nme to say that obviously | would
guestion the notives of anyone who would sit on the
cause of this accident and not submt it to the
scrutiny or to objective testing. Anyone who would
wait to the day of the hearing, of a hearing that has
been planned for two nonths, | would have to conme to
the conclusion that the purpose of that individual is
to manipulate the processes of this hearing for private

nmoti ves.
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Therefore, again, | say anyone who knows the
cause of this accident has a public duty to cone
forward and you can reach M. Haueter at 382-6830, area
code 202.

I'd like to call now our next wtness, M.

Paul Knerr, the Vice President, Engineering, at Canyon
Engi neering, Society of Autonotive Engineers. He's the
A6 Committee Menber and he's cone here from Val encia,
California.

(Wtness testinony continues on the next

page. )
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Wher eupon,

ENG NEERI NG, SOCI ETY OF AUTOMOTI VE ENG NEERS,
A6 COW TTEE MEMBER, VALENC A,
PAUL KNERR

was called as a witness by and on behalf

and, after

having been duly sworn,

testified on his oath as foll ows:

MR, SCHLEEDE: M. Knerr,

of

1839

ENG NEERI NG, CANYON

CALI FORNI A

t he NTSB,

was exam ned and

could you give us

your full nanme and business address for

pl ease?

THE W TNESS

work for Canyon

MR, SCHLEEDE

Canyon Engi

THE W TNESS:

Engi neeri ng.

neering?

MR, SCHLEEDE

description

My nane

Engi neeri ng

And what

Could you give us a brief

is your

our record,
is Paul Knerr and |
in Valencia, California.

position at

I'm Vice ®resident of

of your background and education
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you to your present position?

THE W TNESS: I'"ve worked for Canyon for 10
years. And prior to that, | worked for the Lee Conpany
in Connecticut for 11 vyears. During this period of
tine, |'ve designed products for aircraft and also
worked with the SAE Conmittee for 15 years in
contamnation and filtration.

MR.  SCHLEEDE: Thank you. M. Phillips wll
pr oceed.

MR, PHI LLI PS: CGood evening, M. Knerr.

First of all, I'd like to talk a little bit
about your responsibilities as Vice President of
Engi neering of Canyon Engineering. What does Canyon
Engi neering do?

THE W TNESS: Canyon Engineering is a snall
business that builds primarily valves, flow control
val ves, relief valves, check valves, for hydraulic
systens. W built nozzles and that sort of thing for
fuel systems and we build sone |ube systens also.

W're a secondary or sub tier supplier to
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MR PHI LLI PS:

THE W TNESS:

directly for Boeing.

MR PHI LLI PS:

of the 737 main power

THE W TNESS:

MR PHI LLI PS:

actuator?

THE W TNESS:

MR PHI LLI PS:

any testing of either

THE W TNESS:

MR PHI LLI PS:

you know of?

THE W TNESS:

MR PHI LLI PS:

Nunber of people.

THE W TNESS:

MR PHI LLI PS:
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conpanies |ike that.

Do you build parts for Boeing?

W don't build the parts
Have you nmanufactured any part
control unit?

Not to ny know edge.

How about the standby rudder

Not to ny know edge.

Have you ever been involved in

one of those two conponents?
No, | haven't.

Anyone at your t hat

conpany
No.

How big is your conpany?
W're 42 people.

And do you do original design

I NC.
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work or do you do nodifications of original design?

THE W TNESS: W do design OEM products to
specification to conpanies, again, like Parker. W
also build to their prints.

MR, PHI LLI PS: And that's where they supply
you he drawings and you nanufacture the parts?

THE W TNESS: That's correct. I"d like to
also say that we do the conplete testing and assenbly
of those parts to acceptance test procedures that are
supplied by those conpanies.

MR, PHI LLI PS: Do you participate in the
devel opment of acceptance test procedures in your
design work?

THE W TNESS: W generally wite our own
acceptance test procedure that details our detailed
procedures to testing those parts. Those are based on
the conpany's ATP's but are further nodified for our
own needs.

MR, PHI LLI PS: I'd like to talk for just a

m nute about the SAE The Chairman asked us in a
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neeting a few weeks ago what was the SAE and exactly
what's the organization all about.

Could you give us a few sentences about the
SAE and about your conmttee in general?

THE W TNESS: Ckay. The SAE is the Society
of Autonotive Engineers. The termnology is sonmewhat
msleading in that when it was originally conceived in
1909 the word autonotive neant any kind of autonotive
product, whether it be on land, sea or air.

Right now, they handle standards and
recommended procedures for both aircraft and ground
vehicles and seagoing vehicles, too.

My involvenent there has been for about 15
years. The way that the SAE runs, it's a volunteer
organi zation made up of individuals who have an
interest or an area of expertise in the areas that
they're witing standards on. And | becanme involved
with the contamination and filtration panel and also
nore recently with the conponents panel.

MR.  PHI LLI PS I've had sone discussions
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prior to the hearing with the SAE headquarters, | guess
you could call it. And | think this is the place to
make the point that M. Knerr isn't speaking or isn't
testifying on behalf of the SAE He's testifying on
behal f of his experiences at Canyon Engineering and his
prof essional experience, so I1'll make that clear,

al though we recognize your affiliation and we want to
have a little bit nore discussion about that.

You said you were at Lee for quite a while.
Can you tell nme a little bit about what Lee does?

THE W TNESS: Lee builds simlar conponents.
They're smaller, generally, mcro hydraulics. They're
used in flight controls as well. M/ role there was
first as project engineer and then chief engineer in
charge of valves.

MR, PHI LLI PS: So for your whole career
you've been involved with hydraulic valves and
conponent s?

THE W TNESS: Before that | was with Ham|ton
Standard and before that w th NASA
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MR.  PHI LLI PS: And what did you do for NASA?

THE W TNESS: Basically, an engineering
trainee during the Apollo days.

MR, PHI LLI PS: So would you consider yourself
an expert in hydraulic conmponent design, hydraulic
systens?

THE W TNESS: Yes, | would.

MR, PHI LLI PS: I'"d agree.

CHAI RVAN  HALL: And that's why we have him
here, right?

MR, PHI LLI PS: Certainly is.

CHAl RVAN  HALL: And we appreciate you being
present because you are an expert in hydraulics and we
appreciate you being here, sir.

MR, PHI LLI PS: You mentioned that the SAE has
a conmttee that |ooks into filtration and
cont am nati on. Can you tell nme how that subdivision of
a commttee or group of people were formed and why?

THE W TNESS: The SAE A6 Conmittee deals wth

all aspects of aircraft hydraulics. There are
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flight controls being one,

that are broken down

nunmber of other committe

one of the

es. This just

ways that they broke it down.

Consi dering the

is an inportant part of

devel oped a conmttee.

i ndi vi dual s

right now

MR PHI LLI PS:

standards f

THE W TNESS

or filtration

MR PHI LLI PS:

THE W TNESS

Aer ospace |

recommended

filtration

and
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into various areas,
servo actuators being one.

happens to be

cont am nati on

the hydraulic area, they

A committee

Do you attenpt

for hydrauli

Yes, we do.

And who uses

nformati on Reports; ARFP s,

procedures; and AS's,

of conponents. The aero

mlitary an

d commerci al

MR PHI LLI PS:

Commi ttee,

partici pants

space industr

peopl e, use

The Committee,

is about 15

to define

C systens?

t hose standards?

These standards are AIR s,

which are

which are standards

y, both the

t hose standards.

do conpanies such as Parker or

on those commttees?
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THE W TNESS: Yes, sir, they do.

MR, PHI LLI PS: Does the FAA or other
government agencies have people on those committees?

THE W TNESS: Yes. Werner is on the
comittee.

MR.  PHI LLI PS: Werner Koch is a nenber of the
A6 Committee?

THE W TNESS: Yes, he is.

MR,  PHI LLI PS: How are people selected for
the committees? Are they volunteers or --

THE W TNESS: It's strictly volunteer. To
become a nenber, one has to just show a particular
interest and work on standards docunents.

MR PHI LLI PS: You nentioned ARP. That's an
Aer ospace Recommended Practice?

THE W TNESS: Yes, it is.

MR.  PHI LLI PS: And also, one of the -- in the
previous hearing we discussed an NAS, which is a
Nati onal Aerospace Standard 1638 which applies to

cont am nati on. Are you famliar with those docunents?
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THE W TNESS: Yes, | am

MR. PHI LLI PS: Ckay. 1638 and ARP 219. Ar e
you famliar wth that docunent?

THE W TNESS: Ri ght .

MR.  PHI LLI PS: Could you briefly describe
what ARP 219 is?

THE W TNESS: ARP 219 is a docunment which
addresses the issue of testing for contam nation
sensitivity of conponents. It's a rather old docunent.

It was recently -- or is going through the process of
cancellation for various reasons.

MR, PHI LLI PS: Is that docunent used by
manuf acturers as a guideline for their contam nation
concerns for design?

THE W TNESS: One of the reasons it's being
cancelled is because very few conpanies have used it.
To just characterize it, it's a rather severe test of
conmponents wusing AC fine test dust and the feeling
generally is that it's nmuch nore severe than anything

that could occur in an aircraft hydraulic system
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MR.  PHILLI PS: How was an original standard
set that mssed the point?
THE W TNESS: | think the intent was nore to

conpare one valve design or one punp design for another

and it does that. It's a conparative sort of a

docunent . However, it doesn't relate to how long an
in-service vehicle would |Iast. And generally, it's
pretty hard on the conponent. You can wear out a valve

or a punp in a very short anmount of time and not know
how that relates to in-service tines.

However, it was good for conparing one valve
agai nst anot her.

MR, PHI LLI PS: Is there any kind of
requirement for a manufacturer to use ARP 219?

THE W TNESS: There have been sone
specifications issued by conpanies that require 219.

MR.  PHI LLI PS: Do you know if ARP 219 testing
was required in any of the 737 flight control
conponent s?

THE W TNESS: I don't know that. No.
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MR.  PHI LLI PS: NAS 1638. Could you briefly
descri be that docunent?

THE W TNESS: That's a docunent that
establishes the classifications of cleanliness for
hydraulic fluids, broken down into a nunber of
different classes. Each class doubles in particulate
count and that is further broken down into size of
particles, the first size being 5 to 15 mcron and on
up to 100 m cron.

There is also an SAE document which eqads

on that. It's AS 4059, which is a nore recent docunent

that includes 2 mcron particles and further expands on

t he document.
MR.  PHI LLI PS: Whi ch docurment would be used
would be currently used to categorize particulate
contam nation of hydraulic fluid?
THE W TNESS: NAS 1638 has been used for
years and that's the one that |'ve seen in nobst areas.
MR.  PHI LLI PS: Ckay. Are you famliar wth

any hydraulic fluid sanpling that was done in the
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process of this investigation of flight 4277

THE W TNESS: Yes, | am There was a report
that the NISB put out which I reviewed and did ny own
anal ysis of.

MR.  PHI LLI PS: I"d like to take a little bit
of time and talk about your analysis of that work that
we' ve done. In the NTSB report you referenced, do you

generally recall what the report was about?

THE W TNESS: The report was to look at the
in-service airplanes, 737's. There were 21 airplanes
i nvol ved and 104 sanpl es. And the intent was to
randomy look at the three airlines that were involved

and the 21 airplanes that were involved and see what

kind of fluid contam nation existed -- this is
particulate contamnation -- existed in the typical
fleet.

MR.  PHI LLI PS: Could you tell us a little bit
about the findings -- your analysis of the findings in
that report?

THE W TNESS: To briefly summarize, about 22
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percent of the airplanes that were surveyed exhibited
particulate contam nation greater than a Cass 8, dass
8 being the normal mlitary level for hydraulic

cont am nati on. That is established in a mll spec,
both for conponents and for systens.

And | think speaking for the rest of us in
the SAE, Cass 8 is a pretty typical level that we
woul d expect a fairly dirty hydraulic system to go to
and would not exceed.

MR, PHI LLI PS: So in your opinion, a Cass 8
would be the wupper limt of acceptable according to NAS
16387

THE W TNESS: Not according to NAS 1638. It

doesn't establish any |evels. It's sinply a
classification of those |evels. To ny know edge, there
is no general comercial limt. However, the different
airlines range from 7 to 9. I'"m sorry. The different

airfrane manufacturers range from 7 to 9.
MR, PHI LLI PS: So the manufacturers inpose a
requirement for NAS 1638 limts of 7 to 9?
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THE W TNESS: Al'l except Boeing. Boeing does
not have an in-service limt.

MR PHI LLI PS: And there is no requirenent at
Boei ng. Wo would be responsible then for a Boeing
airplane for setting the standard for hydraulic
cl eanliness?

THE W TNESS: Boei ng uses the philosophy that
it establishes the filter change tine intervals based
on A B and C checks and then leaves it up to the user
to determine if they take sanples and what |evel of
cleanliness the aircraft wll achieve.

MR,  PHI LLI PS: As a followon, | believe you
prepared a chart here that gives a relative description
of these classifications. Could we take a |ook at
that? It's page 2 of the exhibit.

And Rick, | think it will look Iike a 1 on a
pi ece of paper.

CHAl RVAN  HALL: Whi ch  exhibit?

MR, PHI LLI PS: It's page 2. 9N~

CHAl RVAN  HALL: Mas in Mke or N as in
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Novenber .

MR.  PHI LLI PS: M as in MKke.

THE W TNESS: | don't know how well you can
see this but in trying to describe what these
contam nation levels look Ilike, if you can visualize a
one gallon drum on the left-hand size with the
particles suspended in that drum and then in the next
picture in the mddle, if all of the particles were to
settle to the bottom of that drum about a five inch
di anmeter disk. And then you were to magnify it
greatly, you would look at these three classes.

The little one on the top there is Cass 6.
The little worm in the mddle of the page is just for
ref erence. That's a 100 micron hair which is a typical
human hair. And the particles that are shown are only
the 50 mcron particles.

There would be only four particles on that
patch for Cass 6. There would be many nore particles
for Cass 12, as you can see. And Cass 18, which

represents about the level that Boeing did their test
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at, is shown at the bottom

MR PHILLIPS: By the Boeing test, you're
referencing the contamination test done late l|ast year?

THE W TNESS: Yes.

MR,  PHI LLI PS: W were tal king about
requirements for cleanliness standards. Are you aware
of any requirenents by the FAA placed on the
manuf act urers?

THE W TNESS: I'"'m not aware of any
requi rements. No.

MR.  PHI LLI PS: What kind of |evel do nost
manuf acturers nmaintain in their testing equipnment?

THE W TNESS: Qur ATP's that we receive from
nost of our custoners require a Cass 6 or less. W
mai ntain our test stands to approximately dass 4.

W' ve seen them go up to Cass 6.

MR.  PHI LLI PS: Are you aware of any testing
that's done at higher contamnate levels are part of a
certification process or part of the approval process?

THE W TNESS: Not hi ng specific. | have heard
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of tests being run on specific conmponents where
contam nation mght have been an issue. Back at the Lee
Conmpany we ran sonme tests of sensitivity of snall
valves to contam nation. This was generally follow ng
sonmewhat of the Boeing procedure where we put nassive
anmounts of Arizona road dust into the conponents.

MR, PHI LLI PS: And what is Arizona road dust?

THE W TNESS: AC fine test dust. That's a
calibrated test dust that's used to calibrate particle
counters. There are several other test dusts that are
also used, but that's fairly common.

MR, PHI LLI PS: Is it comon to place other
materials as contamnants in solution like pieces of

metal or Tefl on?

THE W TNESS: Yes. I haven't personally done
this but | known of other conpanies that have m xed
cont am nant s. The Boeing test was a mxed contam nant

test where netal particles and Teflon particles and
sand particles were put in.

MR, PHI LLI PS: Do you know what the basis
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would be for calculating the mx or finding
percent ages?

THE W TNESS: Not specifically. | understand
that Boeing used in-flight sanpling to match their
contam nant load wth.

MR.  PHI LLI PS: You' ve described several
classes of contam nants. And this is based on
particulate count and excluding any chem cal
cont am nati on. Could you briefly describe the sources
of high particulate count in fluid sanples?

THE W TNESS: There are a nunber of sources
of generation of particulate. The punp probably being
the primary generator of small flakes of netal; built-
in contaminants from the assenbly procedures or from
breaks in the line for servicing.

The contaminants that get by the w per seals
on actuators are brought into the system The
actuators thenselves generate particulate, both the
seals and the metal surfaces. These are sone of the

ki nds of sources.
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In addition, the filters thenselves do pass
cont am nants. Filters are not specifically blocking
out all contaminants of a particular size but they're
sort of playing catch-up with the generation, and then
they do shed sone particles also.

MR, PHI LLI PS: On the subject of filtration,
can you give us sonme general guidance in how hydraulic
systens are filtered?

THE W TNESS: In nost cases of aircraft
systens, there's three primary filters. There's a
pressure filter which takes the pressure from the punp
and goes out to the system That's what's feeding the
hydraulic actuators. There's a return filter which
collects the debris from the system and there's
generally a case drain filter which is a snmaller filter
that takes the case drain flow from the punp and feeds
it back into the system

MR, PHI LLI PS: What about filters on
i ndi vidual conponents on the inlet 1lines?

THE W TNESS: There are also what we
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generally refer to as last chance filters or smaller
filters in front of the PDU, in front of other critical
conponents. These are generally coarser than the
nomnal filtration rating of the system filter.

The pressure and return filters on the 737
are 15 mcrons nom nal. And again, that doesn't nean
it traps all 15 mcron particles. That's just the
generic way of stating a filtration rate.

The case drain | believe is 20 mcrons. And
as was nentioned before, the inlet PDU filter is 25
m crons.

MR.  PHI LLI PS: What drives the filter sizing
in the conponent? Hows the 25 mcron filter selected?

THE W TNESS: I can't answer that. That's a
system design problem

MR.  PHI LLI PS: Ckay. That's fair.

As filters get saturated or they trap
particles, does that affect their ability to filter and
continue to do the job they're supposed to do?

THE W TNESS: Yes, it does. The nore heavily
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a filter is loaded, the nore it wll shed.

MR.  PHI LLI PS: Going back to the SAE
comittee that you're a part of, you nentioned a little
there today but in previous discussions we've had that
as a result of some recent activity there is a new
conmttee formng or new group. Could you please give
us a description of that?

THE W TNESS: At the last neeting in San
Antonio in Cctober of this year, the FAA approached the
SAE to respond to sonme of the recommendations from the
CDR in regards to contam nation. Those issues are
being addressed by 16 volunteers wthin the overall
committee. The Committee, by the way, is about 300
engi neers and nai ntenance people. And those volunteers
are from filter conpanies, from airlines, from valve
manuf acturers, like mnyself, and other places.

W intend to neet in January to address the
issues that the FAA were asking us to address. Those
issues regard both particulate contamination and also

chem cal contam nation, such as water and chlorine.
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And to address the issue of valve sensitivity testing
and tip shear limts, as well as limts to the overall
contam nation class for an aircraft.

MR.  PHI LLI PS: Is one of the tasks of this
group to discuss the fact that Boeing doesn't have an
in-service requirement for particulate?

THE W TNESS: | think it's nmore to
standardi ze the requirenent across the board. If it's
going to be a Cass 8 like it is in the mlitary, then
there should be a standard witten that says that.

Boeing does have a limt to a shipped new
aircraft, which is Cass 9. And several other
airframers do say Cass 9 is a better nunber. And
that's what the effort would be, to establish a nunber
for everybody to use.

CHAI RVAN HALL: M. Phillips, at this point

how did that request conme to you, verbally or in
writing?

THE WTNESS: It was id witing fromthe

Seattle office.
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CHAl RVAN  HALL: Could we nmke that a part of
the exhibits? Any problen®

MR, PHI LLI PS: W'll look into it.

THE W TNESS: I have a copy of it here.

MR, PHI LLI PS: So the attenpt is to
standardize a NAS 1638 class anong all manufacturers
that is generally agreed upon. |Is that correct?

THE W TNESS: That's correct.

MR, PHI LLI PS: In your experience working
with -- in valves over these years, could you describe
to us what you've seen along the lines of jaming? And
I want to start specifically with spool valves, sliding
spool val ves.

Is it your belief that the indications of
janming are nornally readily apparent on those parts?

THE W TNESS: On aircraft parts where the
clearance is generally around one to six mcrons, |
have no experience whatsoever in particle jammng.

In larger clearance high pressure valves, we

have seen sone cases of |janm ng. However, these are
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generally not aircraft valves. They're industri al
valves in highly contaminated areas and the | eakage
flow is conpletely through the clearance and the forces
are fairly |ow

MR, PHI LLI PS: Did this jam l|leave any visible
mark on the valve?

THE W TNESS: Yes, it did.

MR, PHI LLI PS: Have you ever seen a dual
concentric valve, a two spool valve, where both spools
j ammed?

THE WTNESS: No. I"ve never seen a dual
concentric valve.

MR, PHI LLI PS: Have you ever heard of one?

THE W TNESS: I"ve heard of them but no, we
have never -- 1 have never personally operated wth any
of the dual concentric valves.

MR, PHI LLI PS: Do you have any nore details
specifically of the one that you ve heard of?

THE W TNESS: I think relative to the silting

guestion, | think that's a big question in nmy mnd as
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to whether any kind of nmajor hysteresis can occur. And
I think that's based primarily on the nature of the
cont am nant .

I1f, for exanple, you use natural contam nants
generated from the aircraft which are wusually very
small sliver nmetal particles, it is conceivable that
enough of those could get together and cause sone
hysteresis in a valve. Whet her that could cause a jam
that was greater than 42 pounds, | doubt. But again,
it's still a question in ny mnd.

MR,  PHI LLI PS: So would you follow M. Koch's

statenent and you'd like to see sone additional testing
done along those |ines?

THE W TNESS: Yes, | woul d. | have to say
that the testing would be very difficult. It think it

would have to follow a procedure that's been set up in
various circles that talks about engineering
experinments, where we would take a nunber of paraneters
of the valve and vary them and create a matrix of

experiments and then look at the nature of the
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hysteresis or friction increase based on all of those
par anet ers.

The approach that Boeing took was certainly
the nost direct way and that is to introduce sone very
hard particles and a great nunber of them to see if the
actuator can wthstand that kind of an environnent.
However, we're working with sonething that is sort of a
very random nature and | think we'd have to do sone
trending by these experinments to determ ne whether
there's a probability on a very rare occurrence.

MR, PHI LLI PS: Do | understand your concern
is nmore for hysteresis rather than a total blockage or
jamming or inability to nove the valve?

THE W TNESS: Yes. I think that if we were
to test this system and include all of the system that
is, include the filters in the PDU and then allow the
natural contamnation to build up wthin the punping
system by sinply going to coarser system filters, Ilet
that build up to about a Cass 12 and do sone design

experiments. By design experinents, | nean change
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surface features of the valves, surface finishes.
Perhaps taper on some of the spools and other
parameters |ike that. Very small paraneters, indeed,
but change those in a systematic way and then |ook for
a build up in friction at about a Cass 12 of natural
cont am nant s.

That's the way 1'd run the test.

MR.  PHI LLI PS: That sounds to ne like a test

that would -- the goal would be to design a standard
for the shape of the spools and that. Specifically, in
this accident investigation, if we were wanting to --

NTSB was wanting to determne that silting was an
issue, would you reconmend a test, the sane test?

THE W TNESS: That kind of ranbled on. Coul d
you explain what you' re asking?

MR.  PHI LLI PS: Yes. Everybody's | aughi ng.
That's bad. "1l probably get ny pilot's license taken
away.

Specifically, in the course of investigating

this accident as a step that we're looking into and
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we' ve discussed today, would you reconmmend a silting
test where we introduce a Cass 12 fluid with the
intent to see if we can change the valve or make it
fail? O could we never have it happen? Wuld it have
to go for a long tine?

THE W TNESS: Wll, that's why |'m saying
we'd have to wuse this particular statistical approach
to determining whether there are trends towards
increasing friction by changing a nunber of paraneters
at the sane tine. That sounds like it's against the
normal experinental nethod but that has been a proven
way to get at a solution a lot faster and doing a |ot
| ess tests.

If, for exanple, we determined that a slight
anount of taper and a particular clearance produced the
worst hysteresis in a dass 12 natural environment,
then perhaps we can use that information to project
what may occur in a statistical inprobable situation.

MR, PHI LLI PS: In your experiences, can

normally tell? Can you look at a valve and tell that a
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valve has been operating in contamnated fluid?

THE W TNESS: Can | look at a valve and
determ ne whether it can operate?

MR PHI LLI PS: Vi sual observati on.

THE W TNESS: There are a nunber of
guidelines that engineers use to prevent contamnation
being a problem or locking up a valve. One, for
example, is to have very sharp spool | ands. Any
radiusing or rounding or tapering of those spool |ands
will nmake the valve nuch nore susceptible to janmm ng.

MR.  PHI LLI PS: Have you |ooked at this valve
that we're talking about, the main rudder power control

unit, the servo valve?

THE WTNESS: No, | haven't, but [|'ve seen
valves that are simlar to it. I'"'m sure that the edges
are very sharp, as originally manufactured. One of the

concerns that we mght have with high particle counts
is that the erosion of the valves goes up very quickly
with high particle counts, which wll round off the

edges of the spool and thereby create a situation where
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jamming would be nore probable.

MR, PHI LLI PS: Are there any other processes
that can be done to the spools to raise the chip shear
capability or protect against jammng other than sharp
edges?

THE W TNESS: Certainly lack of taper. These
are generally ground and honed spools. But | can
conceive of ways in which taper could occur in the
manuf acture of the parts and any kind of taper would
cause severe problens.

MR, PHILLI PS: Do you agree with the
testinony we've heard earlier today that an underl apped

valve generally is less susceptible to silting?

THE W TNESS: Yes, | do, but | think I'd
rather reserve judgnment until | could see what the
actual configuration |ooked Iike. If those inlet ports
were conpletely annular, then | do agree. 1f, however,

there are nultiple inlets or sonme kind of land that the
particles can jam in radially around the valve, then |

woul d question that.
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MR.  PHI LLI PS: Is radial janmng a comnmon
occurrence? Do you see that often?

THE WTNESS: No, but any tine you have a
differential pressure across a clearance is where the
probl em can occur.

MR.  PHI LLI PS: Have you read the FAA's CDR
report?

THE W TNESS: Yes, | have

MR.  PHI LLI PS: Do you have any observations
or comments as to the areas that address the areas of
your expertise?

THE WTNESS: No. | thought it was a very
well witten report and | appreciate the FAA coming to
the SAE and asking them to look into these things.

MR PHI LLI PS: So was there any correlation
or was there any connection with the SAE while the CDR
was in work or did it cone after the report was
conpl et ed?

THE W TNESS: It came after the report was

written.
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MR.  PHI LLI PS: | think that's about all |
have. Do you have anything else you'd like to add or
say?

THE WTNESS: No, not at this tine.

CHAI RVAN  HALL: Any other questions from the
Techni cal Panel ?

(No response.)

The parties?

(No response.)

I see no hands from the parties. Very well.

M. dark?

MR. CLARK: No questions.

CHAI RVAN  HALL: I"'m sorry?

MR. CLARK: No questions.

CHAIRVAN HALL: M. Purvis, wth the Boeing
Commercial Airplane G oup?

MR.  PURVI S: You were talking about a test
just now and using -- 1 think you said Odass 12 fluid

How would you confirm that Cass 12 is actually

present in the valve?
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THE W TNESS: There are a nunber of nethods
for determining particle contam nation. At a Cass 12,
| doubt if an automatic particle counter would be
valid, so I'd use ARP 598 which is a mcroscopic count
net hod; take patches, and verify that that was in fact
in the valve.

MR. PURVI S: And why did you choose Cass 127

THE W TNESS: Each class doubles in
particulate so this is 16 tinmes nore than the |evel
that we would expect to be normal in an aircraft
hydraulic system It is also the level that was
approached and in one case exceeded on the 21 airplane
sanpling that we saw

So | think it would be typical of a fairly
dirty airplane. W could of course go to Class 18 or
even higher but | think what we're looking for is wth
a typical operating system is is everything functioning
okay.

MR. PURVI S: On the sanples that you

reviewed, those 21 sanples, is there any chance that
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say contamnation from say poor sanpling techniques
maybe contami nated the sanple?

THE W TNESS: Very definitely. That was the
imediate reaction of the SAE panel was that those
sanples that were well above the norm were due to
sanpling error. And | agree that that is a very real
possibility.

I had another viewgraph that showed that this
was out of the normal distribution. The two datapoints
were way up there around Cass 13 were out of the
nor mal distribution, which would tend to nmke you
believe that it was not a normal sanpling. However,
the normal distribution does allow the level to go up
quite high.

MR. PURVI S: Wat was the normal distribution
on those airplanes?

THE W TNESS: The average of the 21 sanples
was about a dass 7. The extension of the Bell curve
or the normal distribution went up to about a dass 11.

MR. PURVI S: I guess the question still begs
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the question why use Cass 12, given the considerations
of the various possibilities of contamnation and the
di stribution?

THE W TNESS: Vll, you want to get a high

enough level to try to simulate sonme kind of fault or

at least some kind of trend. So | think you have to be
up to a level that at least w Il perhaps show

somet hi ng. However, | don't want to be up at the kind
of levels that would mask the results. And | think

going beyond 12 would be inpractical.

It seens clear to ne that if the results of
the sanpling of the 21 airplanes is due totally -- or
at the extremes is due totally to sanpling error, then
perhaps we can go |ower. But |I'm not convinced that
it's due totally to sanpling error.

I"'m looking right now at some nore sanple
data that was furnished by another fluid conpany and
there's considerably nore data there. And the Bell
curve is just as wde, if not wder.

MR  PURVI S: In the data that was in the
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report, did you observe that sonme of those actually had
two sanples taken from the sane place with wdely
di f ferent resul ts?

THE W TNESS: Yes. And | pointed that out to

a -- | presented this data to the SAE commttee back in
April of this year and one of the sources of error
other than sampling -- |I'm sorry -- including sanpling,

showed two datapoints that were five classes apart

taken by the same operator at the sane point. And
therefore, it was very evident to nme that at [|east that
one sanple was in error. However, | don't know which

one was in error.

It's nore likely for the dirtier sanple to be
in error, but | don't know conclusively which one was
in error.

MR.  PURVI S: The tests you described were
gquite extensive, |'m sure. They sounded that to nme.
W' ve got sonething like 150 mllion hours on the
Boeing fleet. Does that give you -- and w thout any

particular problens that we know of. Does that give
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you a feeling of sufficient effects of silting or the

lack of effects of silting?

THE W TNESS: | fly Boeing 737's all the tine
and | have no problem whatsoever with the safety of the
ai r pl anes. What we're looking for here though is
sonmething less than one in a billion chance and
sonething nore than one in a mllion chance, an
occurrence. That's sonmething that's very difficult to
find, but | think this design of experinents nmay help

us at least to go in that direction.

MR.  PURVI S: No other questions, sir.

CHAl RVAN  HALL: Any other questions from the
parties?

(No response.)

If not, we'll go to M. dark?

MR. CLARK: I have no questions.

CHAl RMAN  HALL: M. Marx?

MR MARX: No questions.

CHAI RMAN HALL: M. Schl eede?

MR. SCHLEEDE: No questions.
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CHAl RVAN HALL: M. Laynor?

MR.  LAYNOR No questions.

CHAIRVAN HALL: M. Knerr, what notivates you
to serve on this conmttee? It's volunteer; right?

THE W TNESS: Yes, sir. The sane thing that
| guess notivates all 300 of us, and that is to
establish standards for the industry, both for safety
reasons and for establishing just general procedures.

CHAl RVAN  HALL: Well, | applaud you for that
and | think the Anmerican public probably knows very
little about the excellent work the Society of
Aut onotive Engineers does. And |'ve been trying to get
up to speed on it nyself. I was extrenely inpressed.

You nmentioned, however, there were no
standards of <cleanliness in this area. I's that
correct?

THE W TNESS: That's correct. At least for
conmer ci al vehi cl es.

CHAIRVAN HALL: And is this an area that

there should be standards since your conmittee sets
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standards or is it an area that you didn't feel
standards were inportant or --

THE W TNESS: Wll, let nme categorize that a
little bit.

CHAl RVAN  HALL: | understand you reconmend
standards. M. Schleede has corrected ne.

THE W TNESS: There are standards wthin
i ndi vi dual docunent s. For exanple, AS 490 is a servo
val ve standard. And in it, it fornerly had indicated
that the level be O ass 6. W have recently changed
that to Cass 8 because we feel those servo valves can
withstand at |east that |[evel.

The problem as it appears to ne as a
conponent nmanufacturer is that if I'm designing a valve
to a spec that says Cass 6 and yet it's being used in
a Cass 10, then we should at |east know what the
conponent does. So we need to do sonme testing to
establish that.

Either we have to set the limts for the

system or we have to change the testing to be nore in
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line with what the aircraft we're flying.

CHAl RVAN  HALL: Is there anyone from the
Boei ng Conmercial Airplane Goup on one of these
commttees, on the conmttee you serve on?

THE W TNESS: | believe, yes, Boeing is
repr esent ed.

CHAl RVAN  HALL: I would think so.

But again, just so I'm clear and | don't
| eave any confusion, you are like the NTSB. You can
only recomrend.

THE W TNESS: That's correct.

CHAl RVAN  HALL: But your standards are fairly
well accepted in the industry?

THE W TNESS: Yes, they are. If Boeing, for
exanple, wants to use an ARP or AIR in the
specification to a contractor, then those becone part
of the contract.

CHAl RVAN  HALL: Well, | appreciate your being
here.

M. Phillips, when we -- after Pittsburgh, |
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started saying we'd find the best hydraulics experts in
the country and | believe he has done that.

Now is there anybody else that isn't on your
conmttee that ought to be involved in this voluntary
effort that the FAA has requested you to do?

THE W TNESS: W would rmuch like to see nore

airlines involved. They used to be back 20 years ago
and we would like to see nore airline involvenent.

CHAI RVAN  HALL.: Well, possibly, could we send
a letter to the airlines? 1'lIl ask M. MSweeny, and

see if they wouldn't get involved with this process.
And January is the earliest you can begin this process?
THE W TNESS: W' ve begun the process. Manny
Runkl e from Dowdy Aerospace is leading the team and he
has prepared sone paperwork for us all to review |It's
just that January is our first conbined neeting.
CHAI RVAN  HALL: Wll, we are trying to pursue
any possibility, just as far as we can go. And
anything we can do to support your committee's work --

and |I'm sure you'll receive a positive response from
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the airlines -- we want to do. And | really appreciate
your |eadership on this voluntary standards group and
your attendance here today.

Thank you very, very nmuch.

THE W TNESS: Can | offer one nore thing that
| forgot to nention?

CHAI RVAN  HALL: Yes, sir, please. Anyt hi ng
that you think.

THE W TNESS: I had initiated a program to
instrunent a 737 at the pressure filter outlet with an
automatic particle counter. W tried to do that for
about a year and Boeing did cooperate in doing that.
That was the airplane that we were going to use for the
vortex test. W were going to piggyback this little
test on it.

But due to circunstances beyond everybody's
control, we were unable to do that. I think the reason
that it's inmportant to find out the Ilevel of
contam nation that's comng out of the main pressure

filter in real flight time because the filters tend to
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change their behavior due to vibration and shock | oads
and changing flow and that sort of things, for a
conmponent rmanufacturer to know that that |evel varies
widely is very inportant in our analysis of a valve
desi gn. W have an ongoing effort to do this perhaps
with the FAA 727 and just wanted to nention that we're
trying to do that.

CHAl RVAN  HALL: Thank you. And you've Kkind
of triggered ny m nd. Do you think this FAA letter
requesting you to look at sone of these
recomrendati ons, how long do you think it would take
you to provide a response?

THE W TNESS: W're trying to get together a
response within six nmonths from Cctober, whatever that
makes it. Sonmetine in April, | guess. Just how
definitive that response wll be, | don't know That's
what we need to work on for the next couple of nonths.

CHAl RVAN  HALL: Well, again, thank you very
nmuch. | appreciate your being here and providing these

Vi ews.
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(Wtness excused.)

CHAIRVAN HALL: | assunme we should quit for
the day or should we continue?

M. Haueter?

MR. HAUETER: I think I need to go back and
start answering phone calls in ny office, so --

(Laughter.)

CHAl RVAN  HALL: Ckay. Wll, you'll have to
find out of Dr. Loeb authorized voice mail for the
of fice yet.

W will continue this Board of Inquiry in the
norni ng, beginning with M. Wilter Walz, who is a
Customer Service Representative for Parker Hannifin,
followed by M. Tom McSweeny who is the Director of the
Aircraft Certification Service for the FAA and then
continue as far as we can go.

W're scheduled, M. Haueter, to begin at
9:00 a.m, again?

| appreciate everyone has an interest in this

who's spending their tine to be here. Agai n,

CAPITAL HILL REPORTING |INC
(202) 466- 9500



10
11
12
13
14
15
16
17
18
19
20

1884

appreciate the wtnesses that came forward to present
testi nony today.

And with that, we wll stand in recess until
9:00 o'clock tonorrow norning.

(Whereupon, the proceedings were adjourned at
7:35 p.m, to be reconvened on Thursday, Novenber 16,

1995 at 9:00 a.m in he sane place.)

CAPI TAL HILL REPORTING |INC
(202) 466- 9500



1885

CAPI TAL HLL REPORTING |NC
(202) 466- 9500



