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PROCEEDI NGS
(Tine Noted: 12:01 p.m)

CHAIRVAN HALL: Ladies and gentlenen, this
public hearing will come to order. Good norning and
wel cone. My nane is JimHall. | am Chairman of the
Nati onal Transportation Safety Board and Chairnman of
this Board of Inquiry. At this hearing we are
considering an accident that occurred on Septenber 8,
1994 at Aliquippa, Pennsylvania involving US. Ar
Flight 427

The hearing is being held for the purpose of
suppl enenting the facts, conditions and circunstances
di scovered during the on-scene investigation. This
process will assist the Safety Board in determning the
probabl e cause and in making any recommendation to
prevent simlar accidents.

The Anerican public has been shocked in

recent nonths by a series of catastrophic airline
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accidents, four of which since July 2nd of |ast year
claimed the lives of 252 persons. The accident that
occurred here in Septenber is the worst aviation
tragedy in this country in nore than seven years.

As | have said in the past, airline accidents
are extrenely rare events. That is why they nmake such
big news. But, when they occur, it is the job of the
Nati onal Transportation Safety Board with the
assi stance of the Federal Aviation Admnistration and
other parties from governnent, industry and |abor, to
find out what happened, why it happened and how we can
make sure it doesn't happen again. This hearing is an
i mportant part of that process.

It is no secret that the aviation community
is concerned about this accident, not just because of
the great human tragedy it represents, but because this
is the second accident in nearly four years involving a

Boeing 737 for which as yet no cause has been readily
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i dentified. Issues at this hearing will cover not only
operational aspects of the aircraft, but data recording
capabilities, as well.

I want to assure the traveling public that
investigators from many organi zations are working
diligently to find the cause of this accident. As an
exanple, it is estimated that approximtely 25,000 nman
hours have been expended so far in the course of this
i nvestigation.

| understand that there are sone of the
victins' famlies in the audience today. | want to
assure them that as the National Transportation Safety
Board does in every investigation, the Safety Board
wi Il pursue every lead toward an ultimate solution

Certainly, vyour presence at this hearing is a
clear remnder to each of us of the inportance of this
proceeding. W at the National Transportation Safety

Board never forget that the Board is funded by the
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Anerican taxpayers and is dedicated to the pursuit of
i ndependent acci dent investigations.

Public hearings such as this are an exercise
in accountability, accountability on the part of the
Safety Board that it is conducting a thorough and fair
investigation, accountability on the part of the
Federal Aviation Admnistration that it is adequately
representing the industry, accountability on the part
of the airline that it is operating safely,
accountability on the part of manufacturers as to the
design and performance of their products and
accountability on the part of the working force, pilots
and machinists that they are performng up to the
standards of professionalism expected of them

These proceedings tend to becone highly
technical affairs, but they are essential in seeking to
reassure the public that everything is being done to

insure the safety of the airline industry.
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This inquiry is not being held to determ ne
the rights or liability of private parties and matters
dealing with such rights or liability will be excluded
from these proceedi ngs. Over the course of this
hearing, we wll collect information that wll assist
this Safety Board in its exam nation of safety issues
arising fromthis accident.

Specifically, we wll concentrate on the
follow ng issues: (1) wake vortex encounters and
possi bl e effects on performance and stability of USAir
flight 427; (2) aircraft performance studies of various
systenms and structural failures and nmal functions that
could lead to in-flight upsets and |oss of control of
USAir flight 427 with attention given to Boeing 737
| ateral and directional control systens design,
certification and service history; (3) airframe and
aircraft component manufacturer's service difficulty

prograns and continuing airworthiness standards and
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practi ces. Airline prograns for aircraft flight
control hydraulic fluid quality assurance; (4) flight
crew training for recovery fromin-flight upsets and
unusual attitudes; (5) managenent and Federal Aviation
Adm ni stration oversight of USAir flight operations,
mai nt enance and safety; (6) standards for enhanced
recording of airline flight operations, to include
expanded flight data recorder parameters and cockpit
vi deo caneras.

I would like to introduce the other nenbers
of the Board of Inquiry at this point. They are, to ny
right, M. WIlliam G Laynor, Deputy Director of the
Ofice of Aviation Safety. To his right, M. John
Cark, Chief of the Vehicle Performance Division.

To ny left, M. Ronald L. Schleede, Chief of
the Major Investigations Division, and to his left, M.
M chael Marx, Chief of the Material Laboratory

Di vi si on. The Board of Inquiry will be assisted by a
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Techni cal Panel.

These persons are seated at the table to ny
right and they are M. Thomas E. Haueter, the
I nvestigator-in-Charge and Hearing Oficer, M. Gegory
Phillips, the Senior Systens Investigator, M. Charles
Leonard, the QOperations Investigator, M. Thomas Jacky,
the Vehicle Performance Investigator, M. Cynthia
Keegan, the Structures Investigator and M. Roff
Sasser, the Systens I|nvestigator.

M. Mke Benson fromthe Safety Board's
Public Affairs Ofice is here to assist in nmatters
dealing with the news nedia. M. Jam e Finch, ny
Speci al Assistant, M. Robert Francis, Board Menber,
M. Kenneth Jordan, Managing Director, M. Peter Coelz,
Director of Congressional and Intergovernnental
Rel ations and Ms. Julie Beal, Director of the Safety
Board's Public Affairs Ofice are also here to assist

with this hearing, as well as Ms. Shelly Hazle, ny
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Confidential Assistant.

Ms. Carolyn Dargan and Ms. Shirley Wi ght
have handled the admnistrative matters dealing wth
the hearing up to this point. They will also be
present at the hearing to provide admnistrative
support, as needed. You may contact any of these --
you may contact any of them for assistance regarding
copies of exhibits and other itens.

Neither | nor any Safety Board personnel wl |
attenpt during this hearing to analyze the testinony
received, nor will any attenpt be nade at this tine to
determ ne the probable cause of this accident.

Such analysis and cause determnations wl |
be nade by the full Safety Board after consideration of
all the evidence gathered during our investigation.

The report on the aircraft accident involving flight
427 reflecting the Safety Board' s anal yses and probable

cause determnations will be considered for adoption by
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the full Board at a later public nmeeting which will be
held at the Safety Board' s headquarters in Washi ngton,
D.C. and will be open to the public.

The Safety Board's rules provide for the
designation of parties to public hearings. In
accordance with these rules, those persons,
governnmental agencies, conpanies and associations whose
participation in the hearing is deened necessary in the
public interest and whose special know edge will
contribute to the devel opnment of pertinent evidence are
designated as parties. The parties assisting the
Safety Board in this hearing have been designated in
accordance with these rules.

As | call the nane of the party, | would
appreciate it if the designated spokesperson would give
his, or her name, title and affiliation for the record.
The parties are seated at tables in front of ne. The

Departnment of Transportation, Federal Aviation
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Admi ni stration.

MR. DONNER: M. Chairman, My nanme is Harold
Donner, the Manager of the Accident I|nvestigation
Division, Federal Aviation Adm nistration.

CHAI RVAN HALL:  Thank you, M. Donner. The
Airline Pilots' Association.

CAPTAI N LEGRON  Thank you, M. Chairman. M
nane is Captain Herb LeGow, and |I was the Coordi nator
for the accident at 427.

CHAI RVAN HALL:  Thank you, Captain. USATr,

I nc.

CAPTAIN SHARP:.  Thank you, M. Chairman. My
name is Gene Sharp. | amthe Vice President of Flight
Operations for USAIr.

CHAI RVAN HALL:  Thank you, Captain. The
Boei ng Commerci al Airplane G oup.

MR PURVIS. Thank you, M. Chairman. My

name is John Purvis. | amthe Director of Air Safety
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I nvestigation for the Boeing Commercial Airplane G oup.

Thank you.

CHAI RVAN HALL:  The Mnsanto Conpany.

MR. JAKSE: M. Chairman, ny nane is Frank
Jakse. I am Senior Research Specialist for Mpnsanto

Conpany, manufacturer of skydraul (sic) hydraulic

fluid.

CHAI RVAN HALL:  Thank you. Par ker Hannifin,
I nc.

MR WEIK  Thank you, M. Chairman. M nane
is Steve Wik. | am Techni cal Support wth the Parker

Hanni fin Corporation.

CHAIRVAN HALL:  The Association of Machinists
and Aerospace Wrkers.

MR WJRZEL: Thank you, M. Chairman. My
nanme is Jack Wirzel and I amwth the Flight Safety
Commttee of the International Association of

Machi nists, District 141.
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CHAI RVAN HALL: I want to publicly thank all
of the parties for the assistance and cooperation they
have displayed during the course of this investigation
On January 23rd the Board of Inquiry held a pre-hearing
conference in Washington, D.C

It was attended by the Safety Board's
Techni cal Panel and representatives of the parties to
this hearing. During that conference, the areas of
inquiry and the scope of the issues to be explored at
this hearing were delineated, and the selection of
witnesses to testify to those issues was finalized.

Copies of the witness |ist devel oped at the
pre-hearing conference are available at the press
tabl e. There are nunmerous exhibits to be used in this
proceeding. Copies of the exhibits are available at
the press table for review

The Safety Board has provided a conplete set

of exhibits to Kinko's Copy Center |ocated at 600
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Li berty Avenue, Pittsburgh, Pennsylvani a. Copi es of
the exhibits can be obtained on request and at the
i ndividual's own expense at Kinko's.

The witnesses testifying at this hearing have
been sel ected because of their ability to provide the
best information available on the issues of aviation
safety. The first witness will be the Investigator-in-
Charge of the accident investigation who wll sumarize
certain facts about the accident and the investigative
activities that have taken place since then.

The remaining witnesses will be questioned
first by the Board' s Technical Panel, then by the
desi gnat ed 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 this hearing. I will make all rulings on the

adm ssibility of evidence and all such rulings will be
final.

CAPI TAL HI LL REPORTING I NC

(202) 466- 9500



10

11

12

13

14

15

16

17

18

22

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

At this time, | would like to acknow edge
other officials who are here observing this hearing.
They are seated to ny left. Representing CFM
International, the engine manufacturer, M. Paul
M ngler; AVIALL, the engine overhaul conpany, M. Paul
M Rehder; the National Air Traffic Controllers
Association is represented by M. WIliam West; the
Transportation Wrkers Union #545 is represented by M.
Juergen- Peter Schuetz; the Association of Flight
Attendants is represented by Ms. Nancy L. Gl ner; PATS,

I ncorporated, who was a manufacturer of the auxiliary
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fuel tank, is represented by M. Harvey Patrick; the
Federal Bureau of lInvestigation is represented by M.
WIlliam Perry; Hopewell Township by M. Jim E chenl aub;
the Pennsylvania State Police by Lieutenant Janmes R
Neville; the Pennsylvania Emergency Managenent Agency,
M. Joseph L. LaFleur; the Beaver County Coroner, M.
Wayne N. Tat al ovi ch.

W have representatives here from the
Transportation Safety Board of Canada, Board Menbers
M. Hugh MacNeil and Ms. Zita Brunet; fromthe United
Kingdom G vil Aviation Authority, M. M chael Benoy;
from the French Bureau of Accident Investigations
Bureau, Yves Lenercier; fromthe French Gvil Aviation
Aut hority, M. Maxine Brugel and M. Eric Dornoy.

As | stated earlier, this will be a |engthy
hearing. W have it planned for the full week. There
will be a nunber of witnesses that will be called. A

ot of the testinmony will be very technical in nature.
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W will attenpt to be sure to the extent possible that
the testinony is as understandable to the general
public as it can be made.

W will now proceed with this hearing, and I
woul d |ike M. Schleede to call the first w tness

MR. SCHLEEDE: M. Haueter, please cone
f orward.

THE WTNESS: Wtness conplies.

(Wtness testinony continues on next page.)
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THOVAS HAUETER, TECHNI CAL PANEL, UNI TED STATES OF
AVERI CA NATI ONAL TRANSPORTATI ON SAFETY BOARD
Wher eupon,
THOVAS HAUETER,
was called as a witness by and on behalf of NTSB, and,

after having been duly sworn, was exam ned and
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testified on his oath as foll ows:

MR. SCHLEEDE: M. Haueter, please state your
full nane and business address for the record.

THE WTNESS: M nane is Thomas E. Haueter
I am enployed by the National Transportation Safety
Board at 490 L'Enfant Plaza, Washington, D.C

MR SCHLEEDE: What is your position with the
NTSB?

THE W TNESS: | am the Deputy Chief of Mjor
I nvestigations and the Investigator-in-Charge for this
acci dent .

MR SCHLEEDE: Coul d you give us a brief
description of your aeronautical experience and

training that qualifies you for your present position?

THE W TNESS: I hold a comercial pilot's
license with an instrunment rating. | started flying
when | was 16. | currently fly and operate ny own

ai rpl ane.
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(Pause.)

CHAIRVAN HALL: Can M. Haueter be heard in
t he back of the roon?

Al'l: No.

THE W TNESS: No?

MR SCHLEEDE: Let ne start again

CHAI RVAN HALL: Let's see, M. Haueter, if
you could -- as usual with nost public events, it seens
that the mcrophones are always a problem so if you
could please try to get as close to the m crophone --
So everyone can hear. | woul d appreciate it.

THE WTNESS: M aviation background, |
started flying when | was 16. | hold a commercia
license with an instrunent rating. | currently own and
operate ny own airplane for sport and nothing else. |
have a degree in aeronautical and astronautica
engi neering from Perdue University. | have a degree on

operations research from George Mason University.
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I was enployed by -- in the aviation industry
first for United Technol ogies and then | was a
consultant for several years in aircraft structures
before joining the Safety Board.

MR SCHLEEDE: How | ong have you worked with
the Safety Board?

THE W TNESS: I have been with the Safety
Board for 11 years, seven years as an lnvestigator-in-
Char ge.

MR, SCHLEEDE: Thank you, and you have a
prepared statenment to read?

THE WTNESS: Yes, | do. Thank you, M.
Chai r man. On Septenber 8th, 1984 -- can | be heard?

ALL: Yes.

THE W TNESS: Ckay, | wll start again. On
Sept enber 8th, 1994 at about 7:03 Eastern Daylight
Time, USAir flight 427, a Boeing 737-300, registration

Novenber 513 al pha uniform crashed while descending to
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land at the Pittsburgh International Airport,
Pittsburgh, Pennsylvani a.

The airplane was being operated as a
schedul ed passenger flight under instrument flight
rules from Chicago-O Hare International Airport,
Chicago, Illinois to the Pittsburgh International
Al rport.

During the approach to |anding, control of
the airplane was |ost and the airplane crashed near
Ali qui ppa, Pennsylvani a. The airplane was destroyed by
impact forces and fire. Al 132 persons on board were
fatally injured.

I was on duty as the Investigator-in-Charge
for that week and was notified of the accident at about
7:20 in the evening. A Safety Board investigative go
team was assenbl ed that evening, but because of the
| ack of availability of an FAA airplane or conmerci al

flights, the team did not depart Washington until the
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next norning on an FM airpl ane. The team arrived at
t he accident site at about 7:30.

Acconpanying the team were Board Menber Carl
Vogt, his special assistant, Cody MIller, the acting
managi ng director, Ron Battocchi and M ke Benson from
the public affairs office.

The investigative team conprised specialists
in the areas of operations, human performance, aircraft
structures, aircraft systens, power plants, maintenance
records, air traffic control, survival factors,
aircraft performance, neteorology and witnesses.

Specialists were also assigned to stand by in
the Safety Board's |aboratories for the cockpit voice
recorder and the flight data recorder groups. Because
of the magnitude of the accident, in nmpbst cases two
Safety Board investigators were assigned to each group
on scene.

Parties that provided technical assistance to
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the investigation were the Federal Aviation
Admi ni stration, Boeing Commercial Airplane G oup,
Airline Pilots Association, CFM International, AVIALL,
National Air Traffic Controllers Association, USATr
Transportati on Wirkers Union #545, International
Associ ation of Machinists and Aerospace Wrkers,
Associ ation of Flight Attendants, Parker Berta
Aerospace, Monsanto Conpany, PATS, Incorporated, the
Federal Bureau of Investigation, Hopewell Township,
Pennsyl vania State Police, Pennsylvania Energency
Managenent Agency, the Beaver County Coroner's Ofice
and energency response personnel from Beaver and
Al I egheny Counti es.

Additionally, air safety investigators from
the aircraft accident authorities from the United
Ki ngdom France, Dennark, Australia and Canada
participated in the investigation as technical

observers in accordance with prior arrangenents for
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such participation.

The investigation of this accident has been
one of the nost conplex and extensive aircraft accident
i nvestigations conducted by the Safety Board. To date,
over 25,000 investigative man-hours have been expended
in direct support of the Safety Board's investigation

Additionally, the parties to the
investigation have allocated considerably nore nan-
hours in providing indirect support to the
investigation in response to questions raised by the
Safety Board's investigators.

The Safety Board's investigation included the
on-site weckage exam nation and renoval, the tear-down
and exam nation of nunerous flight control system
conponents, aircraft performance sinulation studies,
partial reconstruction of various portions of the
airplane, detailed structural analyses, netallurgical

anal yses, chem cal anal yses, cockpit voice recorder,
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flight data recorder studies, including sound spectrum
anal yses, the exam nation of several incidents
involving control difficulties with the Boeing 737
series airplanes and seemngly countless neetings and
pl anni ng sessi ons.

I would like to digress for a nonment and
publicly thank all of those that participated in the

on-scene investigation; the Safety Board staff,

investigators fromthe parties and those that helped in

identification of the remains and renoval of the
wr eckage.

The on-site work was beyond description and
there are too many "heroes" to list in the time that |
have avail abl e. However, all of the people who
assisted, from those who participated during the work
at the scene to those who provided refreshnents to the
investigation team can be justifiably proud of their

acconpl i shnent s. It was an honor to have worked with

CAPI TAL HI LL REPORTING | NC

(202) 466- 9500

33



10

11

12

13

14

15

16

17

18

them al | .

The general facts of the investigation are as
follows: The accident occurred near the end of the
third day of a three-day flight sequence for this
flight crew The flight crew had started the three-day
trip in Philadel phia on Septenber 6th. They spent that
night in Toronto, Canada. On Septenmber 7th they flew
four flight segnents, ending in Jacksonville, Florida.

On the third day, they arrived in the
Jacksonville airport at about 12:15 in the afternoon
crew Flight 1181. The airplane for this flight and the
remai nder of their duty day was the airplane involved
in the accident, once again, registration N513AU

The airplane had spent the night of Septenber
7th in Wndsor Locks, Connecticut, where a maintenance
transit check was acconplished. Only routine service
was performed and there were no outstanding or deferred

nmai nt enance itens.
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The flight crews who flew the airplane on the
day before the accident reported that nothing out of
the ordinary occurred on the flights and that there
were no problens with the airplane.

The airplane was flown from Jacksonville at
about 12:20 in the afternoon to Charlotte, North
Carolina and then on to Chicago's O Hare Internationa
Airport where it landed shortly after 5:Q0. Those
flights were reported to have been normal with no
significant events. There was a junp seat rider, a
USAir pilot, on these flights who will testify at this
hearing as to the events of those flights.

At O Hare the airplane was assigned as flight
427 to Pittsburgh, once again with the sane flight
crew. There were no itens noted in the maintenance |og
for this flight, including in the m nimm equi prent
list, the configuration deviation list, or any ground

security itens.
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Prior to departure, the airplane was fueled
with an additional 2,320 pounds of fuel for a total
departure fuel |oad of 15,400 pounds. The schedul ed
fuel use would have provided about 8,400 pounds of fuel
remai ni ng upon arrival at Pittsburgh.

Fl'ight 427 departed Chicago-O Hare at about
6:10 p.m The en route time was planned for 55
mnutes, all en route air traffic control
comuni cations with the flight were routine.

Exam nation of the cockpit voice recorder and the air
traffic control tapes identified the first officer as
flying the airplane on this leg and the captain as
handling the radi o transm ssions.

Conversation within the cockpit was routine
and included all appropriate checklist items. The in-
range check to the USAir facility at the Pittsburgh
airport was performed by the flight crew using the

Aut omat ed Comruni cati ons Addressing & Reporting System
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(ACARS) at about 7:00 p.m

The initial arrival of the flight into the
Pittsburgh area was uneventful. The airplane was
vectored by Approach Control for a landing on runway 28
right, which the crew acknow edged. In accordance wth
standard arrival procedures, flight 427 was assigned an
altitude of 6,000 feet. Fl i ght 427 was inbound to the
airport following a Delta Airlines Boeing B-727, which
was 4.2 mles ahead at the time of the accident.

Nurmer ous interviews were conducted wth
flight crews of aircraft either arriving at or
departing the airport about the time that flight 427
was on arrival vectors. None of the flight crews
descri bed any unusual weather, including turbul ence, or
the presence of birds.

The captain of the Delta Boeing 727 did not
recall hearing flight 427 during the approach

However, he described the flight conditions as "good
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weather, w th no turbulence or bird activity."”

The cockpit voice recorder and the flight
data recorder indicate that the flight crew was using
the Auto-Flight System or autopilot during the flight
and during the approach to the airport. This is
standard procedure for the Boeing 737-300.

Shortly after 7:00, the Air Traffic
Controller issued instructions for flight 427 to turn
left to 1-4-0O degrees and to reduce airspeed to 1-9-0
nauts. The flight crew acknow edged this transm ssion
and asked for confirmation of the |anding runway.

At 7:02:22, the controller requested flight
427 to turn to a heading of 1-O O degrees and advi sed
the flight crew about another airplane (a Jetstrean) at
their two o' clock position and clinbing out of 3,300
feet to 5,000 feet. At this time, flight 427 was still
at an altitude of 6,000 feet.

The captain of flight 427 reported to ATC
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that they were looking for the Jetstreamtraffic.
Shortly after 7:03, a transm ssion was nmade by the
captain of "4-2-7 enmergency." The controller noted
that flight 427 had departed its assigned altitude and
instructed the flight to maintain 6,000 feet.

Shortly thereafter, the tower controllers saw
dense snoke rising to the northwest of the airport.
Numer ous ground w tnesses observed the airplane in its
descent, which was described by nost observers as
"nearly vertical," just before inpact. There were no
reports of witnesses to the initial upset.

M. Chairman, at this time | would like to
present a video reconstruction of the last nonents of
the accident flight based on the flight data recorder
| must point out that the flight recorder contained
only eleven paraneters, none of which neasured the
positions of the control surfaces.

If you could run the video, please? As the
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video plays --

Va CE (I'naudi bl e.)

MR, HAUETER No, it should be fine.

(Visual aid shown.)

You will see along the side are the aircraft
instrunents, as recorded, and also along the bottom of
the aircraft to the upper left-hand corner. In the top
right corner the first instrument will be -- we wll
wait for it to come up.

(Pause.)

Once again, this is based on the flight data
recorder infornation.

(Pause.)

The instrument in the upper right is the air
speed indicator in nauts. The next instrument down is
the altimeter. The third one down is the magnetic
heading in degrees. The one at the bottomright is the

attitude indicator. To the left of it is the vertica
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airspeed indicator. To the center is the vertica
acceleration in G s.

Then you will see the control colum
i ndi cati on. This colum position is nmeasured in the
cockpit; however, it does not rotate. W only have
back and forth nmotion in the control colum. Above it
is the longitudinal acceleration neasured in Gs, and
to the far left-hand side at the bottom are the engine
instruments recorded.

At this time the aircraft was on its approach
and descending into the Pittsburgh area. You will be
able to see the altimeter comng down toward 6,000 feet
and the air speed is being reduced to 190 nauts.

(Pause.)

The flight crew is now getting vectors to
turn to a heading of 1-O O and being advi sed of the
Jetstreamtraffic

(Pause.)
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As the aircraft starts to roll out they
report seeing the Jetstream The co-pilot states that
over his mcrophone, then the upset occurs. There is
no --

(Pause.)

The vertical bars, or timng marks are five
seconds apart.

(Pause.)

Thank you.

CHAI RVAN HALL: Does that conplete your
t esti nony?

MR. HAUETER. No, | have got a little bit
nmore. M. Chairman, | would like to provide a brief
synopsis of the investigation to date.

Upon arrival at the accident site, Safety
Board investigators conducted a prelimnary
i nvestigation of the scene, and in cooperation wth

public safety officials for Hopewell Township, Beaver
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County, the Pennsylvania State Police and the Beaver
County Coroner's Oficer, determned that the accident
site was a potential biological hazard area and, as
such, the use of protective personal equipnent and
safety procedures were required by the Cccupati onal
Safety and Health Adm nistration regul ations.

Fortunately, Beaver and Allegheny Counties
had specially trained energency response personnel who
had expertise in hazardous material protection
measures, including biological hazards, which nmade the
acconpl i shnment of the tasks of rescue and recovery
workers, as well as the accident investigators, mnuch
nore efficient.

Al personnel on-site were requested to
conply with these inportant health and safety
requirenments to ensure their safety, as well as that of
the general public. The use of personal protective

equi pment and decontam nation of personnel and specific
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w eckage were precautionary neasures.

I wish to stress that any w eckage that
requi red decontam nation was thoroughly exam ned by
Safety Board personnel and bonb experts prior to its
bei ng decont am nat ed.

The cockpit voice recorder and the flight
data recorder were recovered by FM personnel the night
of the accident. The recorders were secured and taken
to the Safety Board' s laboratory on the norning of
Sept enber 9.

The depiction of the FDR data has previously
been shown on the videotape. The CVR was one of the
cl earest recordings ever processed by the Safety Board.
The CVR provided no evidence of any problens before
i mpact that precipitated the accident.

Additionally, exam nation of the background
sounds on the CVR found no evidence of noises that

could be associated with a failure of the airplane's

CAPI TAL HI LL REPORTING | NC

(202) 466- 9500



10

11

12

13

14

15

16

17

18

structure of systems, or any evidence of crimna
intent, such as an expl osion.

I would like to point out that explosions or
gun shots provide distinctive sound spectruns, and
there were no such spectruns found in the recording of
the flight 427 CVR

The on-scene phase of the investigation
| asted until the 20th of Septenber. During that tine,
the weckage was thoroughly examned in place at the
scene and then was noved to a hangar at the Pittsburgh
airport for additional exam nation and disassenbly.

The on-scene investigation determned the
fol I ow ng: The airplane struck the ground at an angle
of descent of about 80 degrees in a slight roll to the
left, and the airspeed was about 260 nauts at inpact.
The airplane was severely fragnented by inpact and
there was an intense post-crash fire.

Bot h engi nes were produci ng power at inpact
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and were running symretrically. The thrust reversers
were stowed at inpact. The flaps were at a "Flap 1
setting. At this setting, the |eading edge slats and
Kreuger flaps are extended. The spoilers were
retracted and the landing gear were retracted. These
are the expected positions for the airplane during the
initial approach.

The horizontal stabilizer was in an
internmedi ate position, consistent with an air speed of
190 nauts. The elevator control unit was at 14
degrees, nose up. The rudder was determned to be 2
degrees right (airplane nose right) at inpact.

The captain had a total of about 12,000
flight hours, of which 4,000 were in the Boeing 737
The first officer had a total flight time of about
9,100 hours and about 3,700 hours in the Boeing 737.
Not hi ng unusual was noted in the pilot's records. Bot h

were described by other pilots as being very
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prof essi onal and conpetent pilots.

The nmintenance records exam nation found
that all applicable airworthiness directives had been
conplied with and there were no naintenance itens being
deferred, or outstanding. The airplane's daily flight
log was recovered and there were no naintenance wite-
ups for the last three flights, including the accident
flight.

Wtnesses reported they did not see anything
fall fromthe airplane during its descent. A ground
and helicopter search did not disclose any itens from
the airplane outside of the major inpact area, although
sone light items were found sone di stance away. These
items were all found downwi nd from the accident site
and had been blown there by wind after the inpact.

The following items were renmoved from the
wr eckage for exam nation under the Safety Board's

control:  The rudder Power Control Unit (PCU), the
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standby rudder actuator, the rudder trim actuator, the
rudder centering unit, the aileron power control unit
(PCU) , the spoiler actuators, the slat actuators, the
autopil ot servos, various autopilot electrical relays,
the pilot's rudder pedal system and control yoke
systens and nost of the control cables.

Hydraulic fluid sanples were obtained from
the various systens. Additionally, a survey was nade
of conputer systenms on the airplane that m ght have
contained non-volatile nenory chips. Al of the
el ectronic boxes were severely damaged and nost of the
chi ps were destroyed.

Besi des the work acconplished in the Safety
Board's | aboratory, the Systenms Goup traveled to
manuf acturer's facilities in Irvine, California and

Seattle, Washington on seven separate occasions to

exam ne and test all of the conponents renoved fromthe

ai rpl ane.
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Additionally, during the investigation four
incidents involving a sudden yawi ng nonent and one
acci dent involving an overseas-operated Boeing 737
resulted in the Safety Board conducting speci al
exam nations of the control system conponents and the
flight data recorder information from those airplanes.
Hydraulic fluid sanples renoved from the
acci dent airplane and sanples taken from 24 ot her
Boeing 737's were taken to facilities in St. Louis,
M ssouri and klahoma Gty, Oklahoma for analysis. The
results of these exam nations are provided in the
reports entered into the public docket released today.
The aircraft performance group conpleted over
200 flight simulations of various failure nodes using
an engineering simulator. These sinulations considered
various single point failures and how they may -- how
they would affect the airplane. Additional sinulator

work was acconplished using the flight data recorder
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information from flight 427 to "back-drive" the
si mul ator.

Radar data indicated that no other airplanes
were in proximty to flight 427 before the accident.
However, a Delta Boeing 727 had passed the sane
| ocation of flight 427 about 70 seconds before and 300
feet higher.

Anal ysis of the radar data indicates that
flight 427 passed through the wake of the Delta 727.
Therefore, the engineering sinmulator was nodified to
portray an encounter with the wake vortices of a Boeing
727.

Numerous sinulator flights were conducted in
which the airplane flew through the wake vortex at
various angles and vortex intensities. The docket
contains the results of these tests and experts wl|
testify as to the results of those tests.

One of the nost |abor-intensive efforts was
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t he two-di nensional reconstruction of the major
structure of the airplane, concentrating on the floor
beans and bul kheads of the airplane.

This work was acconplished in the hangar at
the Pittsburgh International Airport. This effort
required two investigative teans of about 20 persons
each working two shifts per day for alnost 3 weeks.

Assi stance was provided by two investigators from the
Air Accidents Investigation Branch of the Departnent of
Transport, United Kingdom

Due to the severe fragmentation of the
airplane, it was not practical to conplete a three-

di mensi onal reconstruction. The reconstruction was
acconplished to exam ne the possibilities of a contro
cable failure, bird strikes, floor beam failures, or an
explosion of the auxiliary fuel tank.

Additionally, the weckage was exam ned by

the FBI for any evidence of sabotage. During the
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reconstruction, the weckage was further exam ned for
any evidence of an in-flight structural failure or tire
burst in the wheel well.

During the investigation, weekly tel ephone
conferences took place with the parties to the
investigation. These tele-conferences were necessary
to provide for an open exchange of information and
ideas and to keep all of the parties inforned as to the
progress of the investigative teans.

Additionally, on October 19th and 20th in
Pittsburgh and Decenber 7th in Seattle, neetings were
held with all of the parties to the investigation to
further discuss the activities of the investigation and
to define additional areas for research

During these nmeetings, the parties were asked
to provide their comments on the scope of the
i nvestigation. I would like to state that throughout

the investigation all of the parties have been very
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cooperative and supportive of the Safety Board's
i nvestigation.

Additionally, the Safety Board has received
several hundred unsolicited letters and phone calls
from persons offering their opinions and thoughts on
the accident.

M. Chairman, at this time, | amnot aware
that any party to the investigation, or any other
persons, or organizations have rai sed avenues of
investigation that we have not pursued fully, or are
currently exam ning.

M. Chairman, this concludes ny statenent.
The record of the investigation is contained in the
docunents in our public docket. The Court Reporter has
a copy. Thank you, sir.

CHAI RVBN HALL:  Thank you, M. Haueter, you
may step down.

(Wtness excused.)
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Before | call the next witness, | would like
to make an addition and a clarification to nmy opening
remar ks. First of all, | failed to introduce M. Dan
Canpbel I, the Board's Ceneral Counsel who is seated to
ny rear along with ny personal staff.

Also, in referencing -- in ny opening renmarks
| referenced that approximately 25, 000 nman-hours had
been expended so far in this investigation. That
figure represents the work of Safety Board enpl oyees.

Wien you consider the fact that one of the
parties to this investigation has, by their estimate,
invested 42,000 man-hours in this investigation, I
woul d guess that probably in excess of 100,000 nan-
hours have been expended in this investigation by the
Safety Board and by the parties to the investigation.

I would like to now call Captain WIIliam
Jackson, our next w tness. Captai n Jackson? M.

Schl eede, if you would swear the witness in, please?
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(Wtness testinony continues on the next

CAPI TAL HI LL REPORTI NG

(202)

466- 9500

I NC.

95



10

11

12

13

14

15

16

17

18

56

CAPTAIN WLLIAM JACKSON, JUWP SEAT RIDER ON USAIR
FLI GHT 1181, USAIR, I NC , PITTSBURGH, PENNSYLVAN A
Wher eupon,

CAPTAIN W LLI AM JACKSCN,
was called as a witness by and on behalf of NTSB, and,
after having been duly sworn, was exam ned and
testified on his oath as foll ows:

CHAIRVAN HALL:  Thank you for your appearance
here today, Captain. Your question -- you wll be
questioned initially by M. Charles Leonard of the
Safety Board. M. Leonard, please proceed.

MR LEONARD: Good afternoon, Captain
Jackson. Can you hear nme okay, sir?

THE W TNESS: Yes, sir.
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MR LEONARD: Captain Jackson, | would like
to ask you a few questions today regarding -- relating
to USAir flight 1181 which, as earlier stated, operated
on Septenber 8th, 1994 from Jacksonville, Florida, it
thence went to Charlotte, North Carolina and its
destination, final destination, was Chicago, Illinois,
the O Hare International Airport.

Wul d you please tell us your role as a
passenger on that flight that day?

THE WTNESS. Yes, sir. | had the occasion
to travel from Jacksonville to Charlotte and on to
Chi cago that day on flight 1181. I rode in the cabin
of the aircraft from Jacksonville to Charlotte and |
rode in the cockpit junp seat, or observer's seat from
Charlotte to O Hare.

MR LEONARD: Wiat was your purpose for that
flight that day, sir?

THE WTNESS: The next day | was scheduled to
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pick up a split trip in Chicago and | was just pre-
positioning nyself in Chicago the next norning.

MR LEONARD: Have you flown the B-737-300 as
a crew nenber?

THE WTNESS: Yes, sir, both as a Captain and
as a First Oficer.

MR. LEONARD: So, you have a -- what you cal
an ATP rating in the 737?

THE WTNESS: Yes, sir.

MR LEONARD:  You have also flown it as a
passenger ?

THE WTNESS: Yes, sir, that is correct.

MR LEONARD: Did you know the pilots on
board flight 1181 that day?

THE WTNESS: Not until that day, not until
introduced nyself in the cockpit.

MR LEONARD: Wre you aware -- or, when were

you aware that the flight crew and the aircraft 513 on
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1181 also turned to flight 427 from Chicago to
Pi tt sburgh?

THE W TNESS: | was aware that the crew was
returning to Philadel phia that day via Pittsburgh, and
after | saw the news reports of the accident | assuned
it was that crew of that aircraft.

MR LEONARD: | see. You stated a nonent ago
that on the flight from Jacksonville to Charlotte you
sat in the passenger conpartnent. Do you renenber
where you sat, specifically?

THE W TNESS: | sat in the cabin, coach
section, about md-coach and on the left-hand aisle.

MR, LEONARD: Do you have any recollections
of unusual noises that occurred during that flight?

THE WTNESS: No, sir. During that segnent |
heard no noises that were unusual, or felt any aircraft
novenment that would have been unusual .

MR LEONARD: On the flight from Charlotte to
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Chicago you stated that you flew in the cockpit junp
seat, and why was that, sir?

THE WTNESS: The aircraft filled up in both
the first class and coach section. | had previously
signed up for the aircraft junp seat and rode that junp
seat on that |eg.

MR, LEONARD: Wuld you briefly describe the
arrangenent of the cockpit junp seat in a 737-3007?

THE WTNESS: The junp seat is |ocated
imedi ately inside the cockpit door and just aft of the
pilot's center console that is |ocated between the two
pilot's seats, and just after their seats.

It is arigid and very erect seating
arrangenent . It is a small cockpit, and once you are
seated in the seat your back is only a couple, three
inches from the cockpit door and your knees would only
be several inches fromthe aft portion of the center

consol e.
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MR, LEONARD: Wbuld you describe, or comment
of the deneanor of the flight crew during that flight
from Charlotte to Chicago?

THE W TNESS: They were a very good crew.
They seened to get along well, they had a good rapport
anongst thensel ves both professionally and personally,
they seenmed to have a good working relationship with
the flight attendants in the cabin and they were nore
than willing to have ne along as a junp seat rider

MR, LEONARD: Wre there any unusual noises
that you are aware of during the flight from Charlotte
to Chi cago?

THE WTNESS: Not from the cockpit. | did
not hear any unusual noi ses.

MR, LEONARD: WAs there any contact fromthe
flight attendants to the cockpit regarding any noises
in the cabin?

THE WTNESS: There was a situation probably
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half way during the flight, certainly at cruise

al titude. The Captain took a call froma flight
attendant that had related a passenger had conpl ai ned
about a noise in the cabin, and the Captain inmediately
after that call turned to nme and told ne that ny knee
was on the PA m ke, which it was.

| had crossed ny legs, and | noved ny |leg and
had no further conplaints about the noise in the cabin,
or any discussion after that about the noise.

MR LEONARD: So, would you describe it as an
i nadvertent actuation of the public address m ke,
itself?

THE W TNESS: Yes, sir. As | said before, it
is a fairly small cabin and it becones a little cranped
at times riding the junp seat, and when | crossed ny
legs | inadvertently keyed the m crophone.

MR, LEONARD: Were you aware of any

nmechani cal problens, airworthiness issues in that
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THE W TNESS: None, at all. | didn't feel
anything, or hear anything in the cabin. | didn't feel
anything, or hear anything in the cockpit when | was
riding up there. | did not see any MEL stickers in the
cockpit.

I wasn't aware of any maintenance wite-ups
that the crew had, or any problens that they had
intended to wite up. As far as | know, it was a
perfectly fine aircraft.

MR, LEONARD:  Thank you very much, Captain
Jackson.  That concludes ny questions at this tine.

THE W TNESS: Thank you.

(Wtness excused.)

CHAI RMAN HALL:  (kay, we will nove, then, to
the parties. M. Jakse, does Mnsanto have any
questions for this wtness?

MR JAKSE: M. Chairnman, we have no
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questi ons.

I nt er nati onal

questions for

questi ons.

CHAl RVAN HALL

MR WJRZEL: M.

Associ ati on of

kay. M.

this wtness?

Chai r man,

CHAI RVAN HALL: M. Wik

Hanni fin have any questions for this

any questions for

questi ons.

have any questions for

the --

t hank you.

MR WEIK: M. Chairnan,

CHAl RVMAN HALL: M. Purvis,

MR PURVIS. M.

CHAl RVAN HALL

MR DONNER: No

this wtness?

Chai r man,

kay. M.

this wtness?

questi ons,

Wir zel , does the

Machi ni sts have any

we have no

does Parker

W t ness?

no, we don't.

does Boei ng have

we have no

Donner, does FM

W coul d get

M. Chairman,

CAPI TAL HI LL REPORTING | NC

(202)

466- 9500

64



10

11

12

13

14

15

16

17

18

65

CHAI RVAN HALL:  Captain Sharp, does USAir
have any questions for this w tness?

CAPTAIN SHARP:  Just a couple, M. Chairman.
Captai n Jackson, while you were riding in the cockpit
on the junp seat you had a chance to observe both
pilots flying the airplane. How woul d you characterize
their performance in those situations of both the
Captain and the First Oficer?

THE WTNESS: | thought they were a well-
qualified and very able crew.  They, as | said before,
had a very good rapport between thenselves, they seened
to have a good working relationship in the cockpit,
everything that needed to get done had a tinely
sequence to it.

They utilized the aircraft checklist, made
all the standard and required call-outs, and all in all
| thought it was a very capable and very professional

crew.
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CAPTAIN SHARP:  Wyuld you say that the
activities of the two pilots and their exercise of CRM
was professional and adequate?

THE WTNESS: Yes, sir. They had a good
working relationship between thenselves and they, in
fact, included ne in discussions of watching for air
traffic control as a junp seat rider being a second set
of -- or, third set of eyes on the flight up, and
di scussi ons about arrival into Chicago.

CAPTAIN SHARP:  Thank you, Captain Jackson
M. Chairman, | have no further questions.

CHAIRVAN HALL: Al right, Captain LeGow,
does the Airline Pilots' Association have any

questi ons?

CAPTAIN LEGRON M. Chairman, just a couple.

Good afternoon, Captain Jackson.
THE W TNESS: Hi

CAPTAI N LEGRON  On your flight between
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Jacksonville and Charlotte you rode in the cabin of the
airplane, is that correct?

THE W TNESS: Yes.

CAPTAI N LEGRON  And then you rode in the
junp seat, and you said you didn't identify any noises.
How much experience do you have in the Boeing 737?

THE W TNESS: | have flown the aircraft both
as the Captain and First Oficer, and | have
approximately 2,800 hours in that aircraft.

CAPTAI N LEGRON  Have you ridden frequently
in the cabin of the airplane?

THE W TNESS: Yes.

CAPTAI N LEGROWN  Thank you. You stated that
sonetime during cruise the flight attendant called the
Captain and identified a noise, and he said that you
nmust have inadvertently hit the PA mke switch. Wuld
you just describe briefly where that is |ocated?

THE WTNESS: Certainly. It is located on
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the aft wall of the center pilot console. Sitting in
the junp seat that m ke would only be several inches
from ny knees. It is on a clip that hangs on that
podium so it is exposed externally on the outside of
the podium -- the console -- and the mke key itself is
| ocated on the top portion of that m crophone.

CAPTAI N LEGROWN  Thank you. | have no
further questions, M. Chairnan.

CHAI RVAN HALL: M. Marx, do you have any
questions for this wtness?

(Pause.)

MR MARX: During your flight when you were
junp seat rider, did you notice the position of the
feet of the pilot, or the co-pilot?

THE WTNESS: No, sir, | didn't. | can't
recall exactly. | assune they were on the floor near
t he rudder pedals.

MR MARX In your experience as a First
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O ficer, or a Captain where do you nornally keep your
feet during that phase of flight?

THE WTNESS: On the floor.

MR MARX: On the floor. Thank you.

CHAI RVAN HALL: M. dark, do you have any
questions for this wtness?

MR CLARK: No, sir, | don't.

CHAI RMAN HALL: M. Schl eede?

MR SCHLEEDE: No questi ons.

CHAI RMVAN HALL: M. Laynor?

MR LAYNOR  Captain, do you have anything
else that you would add to this record, or would care
to add at this tinme?

THE WTNESS: Not really. I think we have
pretty much covered everything that | can attest to.

MR LAYNOR  (kay.

CHAl RVAN HALL: | believe, then, unless there

are -- 1 hear any other questions of any of the
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parties, the Technical Panel, or the people at the
tabl e have, that concludes our testinony. W

appreci ate your presence here today. Yes, sir, you had
one additional question?

Va CE (I'naudi bl e.)

CHAIRVAN HALL:  The m crophone. W --

(Pause.)

CAPTAIN LEGRON M. Chairman, is the Captain
now excused? He wants to go back to work. | just
wondered if he was excused for the day?

CHAI RVAN HALL:  Yes, Captain Jackson, you are
excused. Thank you, sir.

(Wtness excused.)

| would like to call the next wtness, M.
WIlliam Perry, Supervisory Special Agent with the
Federal Bureau of Investigations, Pittsburgh
Pennsyl vani a.

Va CE (I'naudi bl e.)
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CHAI RVAN HALL: Al right, M. Perry?

(Pause.)

CHAI RVAN HALL: M. Perry, thank you for your
presence here today, and M. Schleede has sone initia
questi ons.

(Wtness testinony continues on the next

page.

W LLI AM PERRY, SUPERVI SORY SPECI AL AGENT, FEDERAL
BUREAU OF | NVESTI GATI QN, PITTSBURGH, PENNSYLVAN A
Wher eupon,
W LLI AM PERRY,
was called as a witness by and on behalf of NTSB, and,
after having been duly sworn, was exam ned and
testified on his oath as foll ows:

MR. SCHLEEDE: M. Perry, could you give us
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your full name and business address for the record,
pl ease?

THE W TNESS: Yes, WIIliam Perry, Federa
Bureau of Investigations, 700 Gant Street, Pittsburgh
Pennsyl vani a.

MR SCHLEEDE: What is your position with the
FBI ?

THE WTNESS: M position is a Special Agent
in Charge of the FBI Field Ofice in Pittsburgh

MR SCHLEEDE: How | ong have you held that
posi tion?

THE W TNESS: | have held that position for
three years.

MR SCHLEEDE: How | ong have you worked for
the FBI?

THE W TNESS: | have worked for the FBI
approximately 24 years as a Special Agent.

MR SCHLEEDE: Coul d you give us a brief
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description of your education and background which
qualifies you for your position?

THE W TNESS:  Ves. | have a -- graduated
college in 1965, subsequent to college entered the
United States Navy as a Naval O ficer in Submarine
Service for approximately six years and thereafter
entered the FBI in 1971 and served with the FBI in the
Detroit, Philadelphia and Mam field offices and at
FBI Headquarters in Washington, D.C

MR SCHLEEDE:  Thank you. M. Haueter wll
proceed with questioning.

(Pause.)

MR HAUETER Ckay. M. Perry, can you hear

THE WTNESS. Yes, sir.
MR HAUETER  Thank you for comng this
af t ernoon. Just a few questions. There was a |ot of

specul ation early on in the investigation of possible
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foul play. To your know edge, were there any protected
wi t nesses on board flight 427?

THE WTNESS: To ny know edge, there were no
protected w tnesses on board USAir flight 427.

MR HAUETER Were there any persons on 427
that the FBI would be suspect for possible crimnal
intent, or --

THE W TNESS: Wll, initially we heard
specul ation that there was a protected w tness aboard
that, so | made -- and representatives of ny office
made inquiry as to that, and an individual named Paul
O sen who was aboard that aircraft had gone to Chicago
on Septenber 7th at the request of the United States
Attorneys Ofice in Chicago to be debriefed concerning
possi ble information that he mght have concerning a
def endant who was coming up for trial in the Chicago
of fice.

MR HAUETER  Was this gentleman ever
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considered for the witness protection program or --

THE W TNESS: He was not in the wtness
protection program and never had been in the wtness
protection program | don't know if he was ever
considered for it.

MR HAUETER During the investigation
several sanples, or parts of the aircraft were sent to
the FBI's |aboratory in Washington. \Wre there any
resi due that would indicate an expl osion, or chem cal
debris?

THE WTNESS: On two occasions speci nens were
sent by NISB to the Federal Bureau of Investigation for
exam nation of residue that would be consistent with an
expl osi ve device on the plane.

No residue consistent with an expl osive
device was determned in exam nation of those
speci nens. Those specinens were provided on Septenber

14th and Septenber 19t h.
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MR HAUETER  Also, the Safety Board made a
request for the FBI to assenble a team of bonb
specialists to |look at the weckage in the hangar
Coul d you describe those activities for us, please?

THE WTNESS: That is correct. On Decenber
19th and 20th four bonb experts from the FBlI exam ned
wr eckage fromflight 427 in the USAir hangar in
Pittsburgh, Pennsylvani a.

The exam ners considered the possibility
that, one, an explosive device was placed, or carried
on board and was inside the aircraft when it detonated
and that, two, an explosive device such as an air-to-
air or surface-to-air mssile may have detonated

outside the aircraft.

Thousands of aircraft fragnents were exam ned

by the forensic exam nation team for indications of
expl osi ve damage, explosive related phenonmena and

conponents of various explosive devices.
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Based on the forensic exam nations of the
investigative team no evidence was found on or anong
the itens exam ned which would indicate that an
expl osion occurred internally or externally to the
Boei ng 737 which was USAir flight 427 prior to its
crash.

MR HAUETER How many nenbers of the FBI's
team were there?

THE WTNESS: There were four bonb experts
that exam ned the weckage in the hangar.

MR HAUETER | guess ny last question -- and
this has been a nagging question in the event of a
bonb. In the FBI's estimation, is there any reason to
consider that foul play was a part of this accident?

THE WTNESS: No. Wen | responded to the
crash scene, 1| did for two purposes -- and
representatives from ny office. One was for any

request by the Coroner's Ofice to have our disaster
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team proceed to the location in helping to identify the
remains, and nunber two was the FBI would be the
federal |aw enforcenment agency that would respond to
any indication of a crimnal act that caused that
crash.
Attending to those responsibilities, |

remai ned with the Investigative Team from NTSB and
attended at least all of the briefings |ooking for any
indication that would suggest a crimnal act.

Particularly, during that tine, I was in -- | was
in communication with FM bonb search -- bonb experts
whi ch exam ned the weckage at the scene regardi ng any
indication by themthat there was a crimnal act of any
sort involved with the accident, and none was
forthcom ng and no indication has cone to our attention
that would support that there was crimnal act involved
in that crash.

MR HAUETER  Thank you. That's all the
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questions | have, M. Chairnan.

CHAIRVAN HALL: Al right. M. Wik with
Parker Hannifin, does Parker -- do you have any
questions for this wtness?

MR VWEIK: M. Chairman, not at this tine.

CHAI RVAN HALL: M. Jakse with Mnsanto, do
you have any questions for this w tness?

MR JAKSE: No questions, M. Chairnan.

CHAl RVAN HALL: M. Wirzel with the
Machi ni sts?

MR WURZEL: Yes, M. Chairman, one question.
Good afternoon, M. Perry.

THE WTNESS: Good afternoon, sir.

MR WURZEL: To your know edge, are there any
expl osives that you know of in existence that when
detonated do not |eave a residue?

THE W TNESS: Sir, 1 do not know. I woul d

qualify that in terns of the fact that I am not a bonb

CAPI TAL HI LL REPORTING | NC

(202) 466- 9500



10

11

12

13

14

15

16

17

18

expert, but was requested to testify as to the results
of our exam nations.

MR WJURZEL: One nore question. \Wat are the
possibilities of such a device being placed on board
USAir flight 427?

THE W TNESS: I could not speculate to the
possibility of such a device being placed on flight
427.

MR WURZEL: Thank you. That concludes ny
questi ons.

CHAI RVMAN HALL:  Thank you. M. Purvis, do
you have any questions?

MR PURVI S: I have a couple of questions for
M. Perry, thank you.

CHAI RVAN HALL: Pl ease proceed.

MR PURVIS: Wen you exam ned the w eckage
in the hangar on Decenber 19th and 20th, had it already

been decontam nated with chlorine, with a chlorine
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sol ution?

THE W TNESS: | don't know the answer to --
don't know if it had, or had not. That woul d be nore
properly directed to other people that were invol ved
prior to their arrival at the scene.

MR PURVIS: Are you aware of explosive
devices that are nade, |ike RDX or PETN, that have a
very small, light-weight -- can be put in a very snal
[ i ght-wei ght package and when they do detonate, or if

they are detonated that they create al nost no

explosion, or fire -- or, snoke or fire?
THE W TNESS: No. | personally am not
famliar with those -- with those devices; however, |

can speak in terns of the results of the examnation in

terms of what they |ooked for and what they did not
find.
MR PURVIS: (kay, | would like to have you

descri be that.
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THE W TNESS: In ny discussion with the Chief
Exam ner, they |ooked for a phenonena that would be
consistent with an explosive -- a high explosive device
being set off on that flight. For exanple, pitting, or
cratering, or feathering, gas-washing also, and found
none of that phenonena that would be indicative of a
hi gh expl osive on that flight.

MR PURVI S: (kay. Are you aware that only
maybe 20 percent of the forward area of the fusel age
and the floor beans -- |less than 20 percent was
exam ned?

THE W TNESS: It was bound for exam nation.
| can only speak to what was in the hangar that the
NTSB requested that we exam ne. In terns of that
exam nation, they exanined thousands of fragnents that
were in that hangar, and no determ nation was found, or
residue that would indicate any explosive device.

MR PURVI S: There was about -- there were
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about 13 bags and maybe 2,000 pounds of magazines in
the forward conpartnent. Was that exam ned?

THE WTNESS: The -- whether that was part of
the debris that was forwarded in terns of -- when |
spoke of the prior exam nations at FBI Headquarters,
the NTSB sent nunerous debris and itenms to the FBlI for
exam nati on. Wiere those debris and specinens cane
from was not descri bed.

So, Whether -- in answer to your question,
whet her that was part of that debris sent for
exam nation of residue, | do not know  Wat was sent
did not contain residue indicative of an explosive
devi ce.

MR PURVI S: Ckay, SO you are not -- you are
not aware of whether that forward cargo material was
exam ned, or what -- you are not aware that it was not
exam ned?

THE W TNESS: That is correct.
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MR PURVI S: kay.  Thank you very much, M.
Chai r man.

CHAIRVMAN HALL: Captain LeGow, Airline
Pilots' Association?

CAPTAI N LEGRON  Thank you, M. Chairman. |
have just a couple questions. Good afternoon, M.
Perry.

THE WTNESS: Good afternoon, Captain.

CAPTAI N LEGRON  You stated -- you testified
that there was a passenger on USAir 427 by the nane of
Paul O sen that had been called to Chicago by the U S
Attorney, | believe you said, to be interviewed in a
case. Could you tell us what kind of case it was?

THE WTNESS: Yes, it was a representative of
the United States Attorneys Ofice that requested his
appear ance there. It was a narcotics investigation, a
drug investigation conducted by the United States

Attorneys' Ofice, and also with the IRS and DA
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M. dsen was asked to go to Chicago.

They -- the United States Attorneys' Ofice had
information that they had just recently received that
he m ght be able to provide information regarding a
def endant .

The defendant had been indicted in 1988 and
had not been located until recently. So, what they
were looking to talk to M. O sen about was any
associ ation he had had with that defendant in terns of
drug activity prior to 1988.

The individual -- in ny discussion with
representatives of the United States Attorneys Ofice
is they debriefed M. O sen and determned that his
information was of little -- limted value to them
They had not nmade a determination at the tinme of the
crash whether they intended to use himin trial, or not
to use himin trial.

Subsequently, they felt that they would not
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have used himin terns of that trial. Subsequent |y,
the defendant in question pled guilty to those drug
char ges.

CAPTAI N LEGRON  (kay, thank you. Dd M.
O sen appear of his own volition, or was he subpoenaed
to (inaudible).

THE W TNESS: He appeared on his own
volition.

CAPTAI N LEGRON  Thank you. During the
course of the investigation, it was sonme two nonths
after the accident that the FBlI conducted their
examnation in Pittsburgh weckage, is that correct?

THE WTNESS: That is correct, sir.

CAPTAI N LEGRON  Could you tell us why it
took two nonths for the FBI to exam ne the weckage?

THE WTNESS: The FBI exam ned the w eckage
at the request of the National Transportation Safety

Board. The individual agency that had been the on-
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scene investigation investigators relative to any bonb
that mght have been on board was the Federal Aviation
Adm ni stration which we consulted with on a regular
basis as to any evidence that they m ght have found of
an expl osi ve devi ce.

CAPTAIN LEGRON So, that request was not
made by the FM but was made by the Safety Board?

THE WTNESS: That is correct.

CAPTAIN LEGRON  Thank you. | have no
further questions.

CHAI RVAN HALL:  USAir, Captain Sharp, do you
have any questions for this wtness?

CAPTAIN SHARP: W have no questions, M.
Chai r man.

CHAl RVAN HALL: M. Donner, does the Federa
Avi ation Adm nistration have any questions for this
W t ness?

(Pause.)
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If we could get M. Donner's mcrophone?

MR DONNER W& have no questions.

CHAI RVAN HALL: M. Marx, do you have any
questions for this wtness?

MR, MARX: (I'naudi bl e.)

CHAI RVAN HALL: M. dark, do you have
questions for this wtness?

MR CLARK: No, sir.

CHAl RVAN HALL: M. Schl eede?

MR, SCHLEEDE: Yes. Are you aware of any
clainms by individuals, or organizations that they
sabot aged flight 427? Are you aware of any clains?

THE WTNESS: No, sir, | amnot aware of
any -- any -- we have not received any evidence that
woul d suggest a crimnal act, other than specul ation on
sonebody, and in each instance where we had specul ation
we went out and asked those persons, and they had no

personal know edge of any, or could provide no
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information of a sabotage, or a crimnal act.

MR SCHLEEDE: Well, | amaware that in
several cases in the past organizations have nmade a
claim following a disaster officially through some
channel, through an enbassy, or through officia
channels, and | am aware that your organization would
receive classified nessage traffic.

Are you aware of any clains of that nature,

i ndi vidual s or organizations, against flight 427?

THE WTNESS: W received no such claim sir.

MR SCHLEEDE: Thank you.

CHAl RMVAN HALL: M. Laynor?

MR LAYNOR  No questions.

CHAI RVAN HALL: M. Perry, as you know, there
has been a great deal of press attention to this
accident and this investigation. I would appreciate if
you could wal k us through exactly what you did and what

the FBI routinely does when it is called to an accident
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of this nature and, again, just briefly outline for us,
if you would, your work on that particular day of the
acci dent .

MR ERCK:  The night that the accident
occurred | received information and proceeded to the
scene of the accident and asked representatives from ny
office to also proceed to the scene of that accident.

My responsibility, as | had nentioned
previously, was twofold. One, | was -- | was
interested in determning if assistance was needed in
terms of the disaster team that would respond to assist
the Coroner in the identification of the remains. That
request was forthcomng from the Coroner, and the
di saster scene proceeded to Pittsburgh, D.C. -- from
Washington, D.C. and was assisted by nmy office in terns
of the identification.

Also, the FBI would be responsible to

investigate any federal laws that if there was a
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crimnal act regarding the crash of flight 427, the FBI
woul d be responsible for the investigation of that
crimnal act and, as a result, | and representatives of
ny office attended the daily debriefings held by the
Nati onal Transportation Safety Board with the intent of

| earning any information that canme to anyone's

attention that would suggest a crimnal act occurred in

regard to that crash.

It was also to stay close with the FM who
was a part of that on-scene investigative teamto be
alert to any indication that there was any crimnal act
that was responsible for that crash.

CHAI RVAN  HALL: Since the date of that
accident, again let me ask the question that M.

Schl eede asked. Has the FBlI received any information
that -- or, any claimfromany party that would |ead
you to believe that an investigation of a crimnal act

causing this accident is warranted?
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THE WTNESS: No, sir.

CHAI RVAN  HALL: In addition, did you |ook at
the -- and was there discussion at the time of the
wr eckage pattern of this aircraft, and if a bonb had
been aboard whether there would have been an in-flight
break-up of the plane?

THE W TNESS: [ --

CHAI RVAN  HALL: -- and resulting in scattered
wr eckage, or do you know whether that was part of --
part of your investigation?

THE W TNESS: I can only recall fromthe
debriefings that occurred during the NTSB
investigation, and | think it was mentioned earlier by
M. Haueter that there was sone -- sone specinens that
were later sent to the FBI |aboratory that were found
downw nd from the crash site.

Those -- sone of those | think were forwarded

to the FBlI laboratory in Washington, D.C. concerning
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any -- the identification of any residue that would
expect an expl osive device, and no residue -- no such
resi due was found on those itens.

CHAI RVAN HALL:  There is an exhibit -- |1
believe it is Exhibit 7(i) in the docket -- that is a
report in addition, from a Special Agent Edward Kitte
who is with the Aviation Explosive Security Unit of the
FM and in addition we have evidence, a report from
the FBI |aboratory that is in the file.

Is there anything else, sir, that you would
like to add at this tine that would assist us with this
heari ng?

THE WTNESS: No, sir, other than to say that
in addition to that FBlI report that you had nentioned
dat ed Decenber 27th, there is also an FBI report dated
Septenber 20th and Cctober 3rd that covers the
speci mens that NTSB sent to the FBI |aboratory for

exam nati on.
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CHAI RVAN  HALL: | believe that concludes at
this point our questions, M. Perry. Wuld you be
available this week if there were additional questions
for you?

THE WTNESS: Yes, sir.

CHAIRVAN HALL:  (kay, thank you very much
You are excused.

(Wtness excused.)

I think as we are approaching a little after
1:20, | think it would be appropriate at this time to
take a 15 mnute break. W have a nunber of additiona
wi tnesses to cover today, so | would ask those who are
interested in this proceeding to be back in their seats
in 15 mnutes. Of the record.

(Whereupon, a brief recess was taken.)

CHAI RVAN  HALL: On the record. The next
witness is M. Ceorge Geen, a Vortex Project Engi neer

for NASA-Langley. M. Geen, if you would pl ease
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appr oach.

(Wtness conplies.)

M. Schleede, if you would begin the
guestioning? M. Schl eede, excuse ne. Let ne -- |
meant to nmention before -- | apologize, M. Geen. In
an attenpt to facilitate this mnor difficulty we are
having with the m crophones -- and | appreciate the two
gentlemen to ny left who are assisting up here in this
endeavor . I would ask that the parties at the table
woul d pl ease keep their mcrophones on, or be sure
before you are called upon that your mcrophone is on

Secondly, they have told ne that the Board
has the m crophones identified by the party's nanme, so

I will call the party's name when | call on each

person.
To save sone tinme, unless you have a question

on some of these witnesses -- | wll ask you at the

conclusion to hold your hand up. If you all have
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questions, fine. [f not, I wll not call on you if you
do not have questions for a particular wtness, and
that may save us sone tinme. WII| you please proceed,
M. Schl eede?

(Wtness testinony continues on the next

page. |

CGECRGE GREEN, WAKE VORTEX PROJECT ENG NEER, NASA-
LANGLEY, HAMPTON ROADS, VIRG N A
Wher eupon,

GEORGE  GREEN,
was called as a witness by and on behalf of NTSB, and,
after having been duly sworn, was exam ned and

testified on his oath as foll ows:
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MR. SCHLEEDE: M. Geen, would you please
state your full name and business address for our
record?

THE WTNESS: MW nanme is George C. Geen. M
address is Langley Research Center, Hanpton, Virginia.

MR SCHLEEDE: What position do you hold at
Langl ey?

THE W TNESS: I am a Seni or Research Engineer
on the Vortex Project Engineer. I have responsibility
for Wake Vortex Research at NASA-Langl ey.

MR SCHLEEDE: Could you give us a brief
description of your education and background that
qualifies you for your present position?

THE W TNESS: | have a Bachel or and Masters
Degree in Engineering. I have worked at NASA-Langl ey
for 30 years. The first 15 years was in devel oping
nmeasur enent techni ques for atnospheric research

I was in charge of a weather station which we
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flewto the planet Mars in the late 70's. For the | ast
15 years | have been in wake vortex research in one
capacity or another, leading that research at NASA-
Langl ey.

MR SCHLEEDE: Do you hold any FM ratings or
certificates?

THE WTNESS: No, | fly sonme for fun, but I
have no official rating.

MR SCHLEEDE: Thank you. M. Jacky wll

proceed.

(Pause.)

MR. JACKY: Thank you, M. Schl eede.

CHAI RVAN HALL: M. Jacky is on the Techni cal
Panel .

MR JACKY: Is this better?
CHAI RVAN HALL: Maybe you want to get closer
to the mcrophone, M. Jacky, if you would, please, and

maybe raise it up a little to make sure everybody can
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hear .

MR JACKY: M apol ogies. Good afternoon,

M. Geen. You have been called to testify to the
phenonena of wake vorti ces. Coul d you please briefly
descri be sone of the research that you have
acconpl i shed while at NASA on this phenonena?

(Pause.)

THE WTNESS: As | said, | have been invol ved
in this research for about 15 years doing both
theoretical and experinental research. During that
period of tine we have worked with a nunber of agencies
in the U S Governnment and other governnents abroad

Wake vortex issues are inportant not only in
the U S., but nost other countries, as well. In
addition to theoretical research, we do w nd tunnel
experinents, what we call towi ng tank experinents. W
assist the FM and any ot her organization that is

trying to run experinments in this area.
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W do that in a cooperative nature, because
we like to get whatever data we can get from whatever
sources we can get it, since it is inportant. They are
inmportant military applications of wake technol ogy.

W cooperate with mlitary organizations.
Usual |y when there is a Vortex problem al nost anywhere,
either in an airport, or mlitary accident, or
what ever, we get involved. W have been involved in
other NTSB investigations, as you are probably aware.

MR, JACKY: Could you explain or answer if
any of this research has been involved with the Boeing
727 aircraft?

THE WTNESS: There was a few years ago a
rather extensive test series at ldaho Falls that we
assisted the FMin setting up a nmeasurenent program
for, and the primary purpose of that program was to
neasure the wake characteristics of sone of the newer

aircrafts, specifically a Boeing 757 and 67.
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As a control, a Boeing 727 was al so included
in that test matrix so that the data could be conpared
with data taken years earlier to see if there was any
change in the test technique that m ght cause the 727
data to be different fromtest to test, and therefore
give us a clue as to whether the test technique was
suitable for looking at the other aircraft.

CHAI RVAN HALL:  Now, M. Jacky, | believe it
woul d assist the general public and any observers if
you could ask M. Geen to begin with an explanation
for us as sinply as he can put it of what a wake vortex
I's.

MR JACKY: Yes, sir, that was ny next
question, as a matter of fact.

(Laughter.)

THE W TNESS: | have some transparencies, if
I mght use them that | don't think would be

controversial that mght help with that.
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(Visual aid shown.)

Wien an airplane generates lift, in the
process of generating lift you end up with a higher
pressure underneath the wing than you do above and, as
you can see rather vividly in this photograph -- well,
first of all, wake vortices are invisible.

It is a swirling mass of air that you can't
see, and in this particular test there is a source of
red snoke which you can see along the ground, and this
snmoke is caught up in a swirling air nmass and it nakes
the vortex visible.

It illustrates the way the swirling begins,
with high pressure air flow ng outboard underneath a
l[ifting surface toward the |ower pressure on top of the
wing, ending up in a spiral that is sonetines referred
to as a horizontal tornado.

In your personal experience, if you have ever

paddl ed a canoe, as you dip the paddle in the water you
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will see a pair of whirlpools on the surface of the
wat er . It is a simlar phenonena anytime you create
lift, or inpart a force into a fluid.

(Next visual aid shown.)

The next transparency shows the 727 in

particular. The first aircraft was a small
agricultural aircraft. This is typical of many
transport aircraft where you have -- you may be in

different configurations.

For exanple, if you have flaps depl oyed you
will end up with nmore than one vortex from each side of
t he wing. In this transparency, the aircraft had snoke
generators nounted on the outboard portion of the wng,
and that snoke is entrained in the vortex comng off
the tip of the wing.

Just downstream of the wing you see what
appears to be a kink in that snoke trail, and at that

point the vortex of the flap system which you can't see
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at that point, since it is invisible, it is wapping
around and nmerging with the vortex fromthe tip of the
wing which then ultimately ends up as a pair of
vortices which are rotating in opposite directions
downstream of the airplane.

These may extend, you know, quite some
di st ance. Their strength is predictable. How | ong
they last is a very strong function of the anbient
weat her conditions.

(Next visual aid shown.)

The next chart summarizes how strong vortices
are. W use the term "circulation"” to describe that.
Basically, they are proportional to the Iift that you
are generating, or the weight of the airplane divided
by the air density, the forward speed of the aircraft
and the span of the generating aircraft, and that
factor Kis a variable depending on how the wing is

| oaded, or the aircraft configuration, whether or not
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the flaps are down and so forth, and the --

Wien you use relatively sinple fornulas |ike
this to predict the initial strength, you get excellent
agreement with the neasurements for the initia
strength of these vortices. The key question then
becones how strong are vortices when they are perhaps
several mles behind an airplane, and that is addressed
on the next chart.

| amsorry, may we go back to the second
chart just to lead into this? | forgot to mention the
t over.

(Pause.)

The test series here that | described that
was conducted a few years ago, the aircraft were flown
upwi nd of a tower which had snoke plunmes, as you can
see on the right.

The wind will transport vortices and, as you

fly further and further upwind of this tower, it takes
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| onger and |onger for the snoke-narked vortices to
drift over to the tower, and the tower not only has
snoke, but it was equipped with quite extensive
instrumentation for measuring weather conditions and
the speeds in the vortex to nmeasure the strength of the
vort ex.

So, by varying the position the airplane was
flown upwi nd of the tower, you can progressively
neasure strength of vortex with age by making different
passes by the tower. Now, the chart that --

CHAI RVAN  HALL: Do the colors nean anyt hing,
M. Geen?

THE WTNESS: No, the colors have no neaning.
They were just intended to be dranmatic.

CHAI RVAN HALL: Ckay.

(Next visual aid shown.)

THE WTNESS: On this chart the colors do

have a neaning, and this is a chart taken from the Noah
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publication which summarized the results of the test.
The tower was a NOAH facility in Idaho Falls.

There are three colors on this chart; red,
purpl e and green. On the vertical axis is a term which
is proportional to the strength, "the average
circulation.” It is a technical term and along the
bottom of the chart is vortex age in tine.

Now, all of the red synbols are for a Boeing
727, and if you look at the scatter in those which were
taken at various tinmes during the day it will be very
apparent that the weather has a very strong influence
on vortex strength, and there are only a very snall
fraction of the synbols which are close to that red
line, and that is a curve that was drawn to bound
the -- this -- be an indication of the l[ongest |asting
data from these tests for the 727.

Now, the factors that effect the K primarily

things |ike atnospheric turbulence, tend to be stronger
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near the ground than away from the ground, primarily
because the vertical change in the horizontal wind is
greater near the ground than at altitude, and also
because when the sun shines on the groundyou get an
effect that is very simlar to water boiliing. You get
convective turbulence that is created by the heating of
t he ground.

At certain tines during the day near the
ground you can get the few points that have that |ong-
| asting characteristic where the ground is actually
radi ati ng heat, beginning to give heat back, and the
ground becones cooler and begins to cool the bottom
part of the atnosphere.

It is alittle bit like putting oil on water
It begins to stabilize the turbulence, so you end up
with sonme short periods during the day where vortices
may |ast |onger than others.

W conpare our theoretical results with data
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like this to nmake estimates of what woul d happen to
vortices for conditions away from the ground where it
is very difficult to make these kinds of measurenents,
and that is what we have done.

MR JACKY: Could you relate what happens to
a vortex as it is generated by an aircraft?

THE WTNESS: Wen a vortex is generated it
i medi ately begins to descend. The fundanental aspect
of generating lift is that you are pushing air downward
and the reaction of that holds the airplane up so that
t hese vortices descend.

How fast they descend depends on -- it is
directly proportional to how strong the vortices are,
and it is inversely proportional to how far apart they
are, and this is reasonably predictable. W have, you
know, a fair anmount of data on that.

As the vortices begin to descend it is sone

initial velocity, and that as the vortices decay that
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descent velocity begins to slow down, and finally at
sonme point the vortices cease to descend anynore and
they are noved laterally with the wind, or they nove
with the general wind field.

MR JACKY: What was your participation in
this accident?

THE W TNESS: For this accident, we took the
neasurenents of atnospheric conditions from the weather
team and we nade an estimate of the turbul ence |evels
and other characteristics that we then put into a
t heoretical calculation of how far the vortices from
flight 1427 woul d have descended and how nuch they
woul d have decayed so that we could have an estinmate
that could be used in a sinmulation of a vortex
encounter to see if that would agree with the notions
t hat were observed.

MR JACKY: If I could ask you to please

refer to Exhibit 13(i), please? Specifically, pages 15
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t hrough 18.

THE W TNESS: I's that here, or --

MR JACKY:  You should have the exhibit in
front of you, and we have al so nade sone transparencies
of the pertinent pages.

(Pause.)

THE WTNESS: (kay, | have it in front of ne.

MR, JACKY: Are these pages the plots that
you prepared in participation with this accident?

(Pause.)

THE WTNESS: Yes, these are curves that |
pr epar ed.

MR JACKY.  (kay, could you briefly describe
them for us, please?

(Visual aid shown.)

THE WTNESS: Page 15, which is shown on the
overhead, shows how far a vortex froma 727 would

descend as a function of time given two different
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assunptions about how the wi ng was | oaded under
conditions of light turbulence and very |ight
stratification, simlar to a standard atnosphere for
the speed of 205 nauts true with an airplane weight of
126,400 pounds with the air density there, and it shows
that the curve marked "elliptic" is sort of a classica
version of the way -- sort of a starting point,

guess, in the design of airplanes.

The synbols, that "b" over "s", refers to how
far apart the vortices wuld be relative to the sem -
span -- | amsorry, to the span of the aircraft and for
an elliptic wing loading that is pi over 4, or about
.78 of the wing span, so that when the vortices are
fully rolled up in the wake the separation distance
bet ween the vortices would be about .78, and what we
believe to be nore representative for this airplane in
this configuration where the "b" over "s" is .7, in

this case, you can see with a "b" over "s" of about .7,
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the vortices descend about 300 feet in approximtely 70
seconds which is about the separation and altitude from
the preceding 727.

MR JACKY: Could you proceed with --

CHAIRVAN HALL: This information is basically
as much as we could simulate fromthe aircraft that was
in front of the accident aircraft, is that correct, the
7277

THE W TNESS: | believe that is correct, yes.
This is the information that we were given on the
characteristics of the aircraft, plus our own research
data as to what kind of spacing and other
consi derations that we have had from a nunber of
previous tests fromthis aircraft.

CHAl RVAN HALL: | just want to be sure
everybody is clear what you are talking about.

THE W TNESS: Because we use avail able data

to the maxi num extent possible, but this is an
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extrapolation to altitude where vortices do |ast |onger
than they do near the ground, but it is also froma

t heoretical standpoint the easiest to nodel, and we
have had nmuch greater success in this case than we
normally do near the ground, so, in sone sense, this is
a much easier problemthan the tower fly-by case.

MR, JACKY: In terns of your calcul ations,
the weather conditions that you used for your plots
here, could you describe the atnospheric conditions
that went into these cal culations?

THE WTNESS: Yes. The weather was -- the
wi nds were |ight. The wi nds were about 15 nauts and
there was alnost no variation in wnd with altitude,
which is conducive for producing very little
turbulence, and | guess it also agrees qualitatively
wth the comments that we have heard, that it was a
snmooth flight.

The wind direction was along the flight path,
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nearly, so there would be very little lateral drift and
it would -- the vortices would be com ng al nost
straight down.

MR JACKY: What would the weather conditions
indicate toward the life span and decay rate of the
wake vortex?

THE WTNESS: Wll, that is shown on the next
transparency, | think, for this.

MR JACKY: Page 167

(Next visual aid shown.)

THE WTNESS: Wll, this is actually what we
call a worst case here. These may be out of order, but
we can do this one. This is slightly different
conditions where there was -- we postulated there was
absolutely no turbulence, or stratification. It is a
condition that you can create in a laboratory, but it
hardly ever, if ever, occurs in the real world.

This gives you the worst case. The K
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characteristics for a vortex. This allows you to set
an upper bound on the vortex strength, as it could not
be any higher than this. It would decay at least this
much.

CHAI RVAN  HALL: For the record, M. Jacky, if
you could be sure that we know exactly the page nunber
and the exhibit that is presently on the screen and the
witness is testifying concerning. | believe it is page
16, is that --

MR JACKY: Yes, that is correct.

CHAI RVAN HALL: Ckay.

MR, JACKY: Exhibit 13, page 16.

CHAI RVAN HALL: Ckay.

THE WTNESS: Actually, page 16 and 17 go
together, and 15 and 18 go together.

(Pause.)

Page 17 shows how the wake is predicted to

descend for those worst case conditions, which are
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probably not even possible that it is that bad. In
that case, in 70 seconds the wake would be predicted to
descend nearly 350 feet, and in the nore reasonable
condi tions about 300 feet.

But, they are -- you know -- isn't, you know,
a great deal of difference in those, but do not think
it could have been any stronger than that worst case,
because that is already descending further than what
woul d be observed.

MR JACKY:  (Ckay, thank you. | would like to
now ask if you could refer to Exhibit 13(h), please?

(Wtness conplies.)

Specifically, page nunber 42.

(Pause.)

THE W TNESS: Ckay, | have it.

MR JACKY: This is a plot of the radar data
abstracted for both the USAir 427 and also the

preceding aircraft which is Delta 1083 which was
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identified as a Boeing 727.

[f I could, | would like to refer you to the
center of the plot and ask you to comment on the flight
tracks of the two airplanes in terns of the potentia
for a wake vortex encounter.

THE WTNESS: Well, it is alnost a classic
scenari o when you could have a wake encounter when at a
point where the X range is mnus three.

CHAIRVAN HALL: Again, M. Geen, just to
help us, what is an encounter?

THE W TNESS: | am sorry.

CHAI RVAN  HALL: In this situation.

THE WTNESS: Wwen an airplane flies into
this rotating nmass of air it tends to experience forces
that a pilot mght not expect, the one that is usually
t hought of as a rolling notion, but there also can be
yawi ng and pitching effects, as well.

In extrene situations, if you ingest a vortex
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in an engine you can get a flanme-out, so an encounter
coul d enconpass a nunber of things.

CHAI RVAN HALL:  There are a lot of different
encounters, but you are going to describe the one that
we best attenpted to nodel here, correct?

THE WTNESS: That is correct. The point of
this chart is that an X range of mnus three, the
flight tracks were vertically coinciding at a tine
differential of about 70 seconds and they were
separated in altitude by 300 feet.

This is the classic exanple that if you were
near the ground the Airman's Informati on Manual warns
against. You don't want to be bel ow and behi nd anot her
ai rpl ane.

MR, JACKY: In terns of the predicted wake
nodel by the 727, do you believe that there would be
the potential for 427 to have intercepted the vortices

fromDelta 1083?
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THE WTNESS: Yes, | do. The sky is a big
place and it is inpossible to prove whether or not, you
know, any airplane went through a very snmall region,
but there was certainly a vortex in the general region
that flight 427 went through, and we predict with sone
confidence roughly what its strength is and how far it
woul d have descended, and it would have been there to
be hit.

It is -- you know, it is inpossible given the
general character of the atnosphere and the way things
change to say, "Yes, for sure it exactly hit it," but
it was certainly in the right place to be hit.

MR, JACKY: If we nake the assunption that
427 did, indeed, encounter the 727's wake, given that,
could you nmake sone sort of statement as to the
strength of the vortex that 427 would have encountered?

THE WTNESS: Well, our best prediction was

page 18 of the previous exhibit.
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MR JACKY: Wuld you like to go back to that
exhi bi t?

THE W TNESS: Yes.

MR JACKY:  kay.

CHAI RVAN  HALL: Page 18 from the previous
exhibit that we had up there on the screen a mnute
ago.

MR, JACKY: Exhibit 13(i).

(Previous visual aid shown.)

THE WTNESS: The best estimate that | can
make is that the vortex strength would be just under
1,500 feet squared per second, which is sinply a
technical unit, and you may recall that in the worst
case, which was the other chart that we showed, the
worst case it could be no higher than about 2,000, so
that we bounded the problemso if it were any stronger
it would have descended so far below the flight path

that it couldn't be hit and if it were significantly
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weaker it wouldn't have got down to where it could be
hit.

So, With some certainty we can give you a
range of sonewhere of about 1,500 feet squared per
second, which is the input that we gave that went in to
go into the Boeing simnulation.

MR JACKY:  (kay, Yyou are junping ahead of
me, but that is ny next question. Could you relate to
us your experiences regarding the Boeing simulator work
and the wake vortex integration?

THE WTNESS: Yes. \When we participated in
that sinulation we nade these cal cul ations and nade
them available, | think, in parallel. Boei ng had made
some simlar estimates of strength and they were
reasonably simlar, except perhaps for the what | wll
call the core size. That is a technical paranmeter for
how | arge the center portion of a vortex is where you

have the extrenely high velocities.
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Wth the exception of a difference in the
core size of the vortices, the nunbers were in pretty
good agreenent and, in fact, in the simulator we used
both sets of nunbers, and the pilots who were flying
the sinulator while | was in the sinulator as a wtness
could not tell any significant difference between the
t wo.

MR, JACKY: So, could you then nake an
estimate as to if when the circulation values that you
believe would be nost likely to have been present at
the time, assuming a 427 encounter with the vortex,
could you descri be what you thought was the result of
the interaction -- the sinulator's interaction wth
that wake?

THE W TNESS: It was about what | expected.
Wien an airplane flies into a vortex, the encounter
depends very much on the direction that it enters the

vort ex. If you fly into a vortex and approach it from
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the side, the alnost imediate reaction is for the
vortex to toss you right out.

Typi cal encounters with vortices for jet
aircraft that are reported are usually pretty small
ten degrees or so, and it -- at this altitude, you
know, that would not be any greater than you m ght
experience in turbulence, | guess, and occasionally you
get larger bank angles as a result of an encounter.

In the sinulator, the notions that we were
going through, although we didn't have a direct read-
out of the bank angle, were consistent from you know,
previ ous experience,

MR JACKY: Wuld you believe that using a
vortex circulation value of approximtely 1,500 feet
squared per second and assuming a 737 interaction or
encounter with that vortex, do you believe that the
resulting encounter matches, or can be related at all

or characterized simlarly to the results that were
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showmn fromthe -- fromthe accident aircraft?

THE WTNESS: The general character of the
flight data recorder traces -- for exanple, when you
get inside a vortex you have a |lower pressure. It
often causes an error in the static pressure
neasurenment from the aircraft, giving you perhaps a
bunp in air speed which you saw

The general notions were of the right order,
you know, that you would expect. Again, when you -- in
terms of an exact replication of the notion at the tine
we were in the sinmulator, it was not possible because
there is no such -- | nmean, any path you take --

1 nmean, any pilot response is different, so
that anytine you fly into the same vortex you are going
to get a slightly different geonetry of the encounter,
and the path the aircraft takes as it passes through is
going to be slightly different depending on control

inputs so that the traces may vary and will vary, you
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know, with pilot technique and so forth, but, as a
general statenment, there was -- there was a reasonable
mat ch between what | expected and what we saw in the
si nul ator.

CHAI RVMAN HALL:  The bank angle in the
simulator was what? What did you use for the bank
angl e?

THE WTNESS: The bank angle is whether the
wings are level, or not.

CHAI RVAN HALL: R ght, okay.

THE WTNESS: And that's -- would be -- when
we were in the sinmulator, that is a visua
determ nation as you look out at the -- through the
proj ected cockpit w ndows.

CHAI RVAN HALL: Ckay.

MR JACKY: Wuld you believe that a vortex
with a circulation value of approximately 1,500 feet

squared per second woul d be enough to upset, or cause
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severe roll to a 737?
THE W TNESS: I
"severe roll" neans, but if

don't know what the word

it could be, you know, 10,

20, 30 -- you know, depending on exactly how you hit

it, it could vary either way.

flying, that,

in ny experience, woul

a serious encounter.

| nme

At the altitude it was

dn't be considered

an, we have had encounters w th about

that nmuch bank angle within a few hundred feet of the

ground where the pilot flies away.

MR

CHAI

JACKY: I have no further questions.

RVAN HALL:

to question the w tness?

hands up so | can see.

ALPA?

Whi ch of

the parties desire

[f you would, just hold your

Anyone else? If not,

Captain LeGow with the Airline Pilots Association,

pl ease proceed

W th your questions.

CAPTAI N LEGROW

Good afternoon,

M. Geen.

Thank you, M. Chairman.

On your

chart on page 18 of
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Exhibit 13(i) you are talking about a 15 -- and pl ease
excuse ny ignorance here, but it is 15 feet per second,
or 15 -- 15 feet squared per second? Is that --

THE W TNESS: 1,500 feet squared.

CAPTAIN LEGRON 1,500, | am sorry. |
believe M. Jacky asked you, you know, if that would be
a substantial upset. In your experience at NASA, have
you ever known where an upset of -- or, a force of

between 1,500 and 2,000 would render a transport

airport -- airplane uncontroll able?
THE W TNESS: I am not an expert in
controllability of aircraft. W wusually have to boil

down, you know, very subjective kinds of data into
sonething Iike bank angle, or sonething like that and,
you know, that strength vortex can give you 10, 20, 30
degrees of roll depending on how you get in it, and
whet her or not that is -- and we usually nake some

assessnent of whether that is hazardous.
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In our experience, that has not been a
hazardous bank angle when you have, you know, plenty of
altitude to recover in. Wen vortices are encountered
intentionally in a flight test program you often use
altitudes about the sanme as flight 427 was, because
that is viewed as an altitude from which you have
plenty of time to recover.

Wth some of the smaller airplanes,
sonetinmes, you know, the -- the very smallest airplanes
behind the very largest you may have 360 degree rolls,
or 700 degree rolls at this altitude, with test pilots,
and have no probl ens what soever.

CAPTAIN LEGROWN  But, in this encounter you
woul dn't expect nmore than a 30 degree bank, is that --

THE W TNESS: Bal | park.

CAPTAIN LEGRON  That woul d be maxi num in
your view?

THE W TNESS: It is typical of the kinds --
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vortex encounters are not uncommon in the 20, perhaps
up to even the 30 degree range.

CAPTAI N LEGROWN  Thank you. | have no
further questions, M. Chairnan.

CHAIRVAN HALL: Al right, if there are no
ot her questions fromthe parties, M. Mirx, do you have
any questions?

MR MARX (I'naudi bl e.)

CHAI RVAN  HALL: Pl ease proceed.

MR MARX In your testinony, you indicated
that the -- when you approach the vortex that the
airplane can get into a roll, pitch and/or a yaw
condi ti on. That is what | heard you say. Coul d you
explain to ne -- | can understand the roll, but | have
a hard tinme understanding how an airplane gets into the
yaw.

THE W TNESS: If you are approaching a

vortex, a pair of vortices, or a single vortex from
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below, or if you are flying level and a vortex is
descendi ng upon you, one of the first parts of the
airplane that feels the vortex is the vertical tail
because it is sticking up and, as that vortex swrling
flow field inpinges on the tail, then you wll get

noti on such as yaw and --

MR MARX: That is only because it is
above -- it has to be -- in other words, it has to
be -- in other words, you have to be approaching this
vortex frombelow? If it is comng from above, you
won't have that?

THE WTNESS: Wll, as you encounter a
vortex, this low pressure may exist over part of the
fuselage, and it is an extrenely conplex flow field
when you have a pair of vortices -- | hate to do this
with ny hands, but you have got flow swirling in both
directions (denonstrating) and when you stick, you

know, alnost any part of the airplane in there and the
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airplane tends to disrupt

t hat

get very conplex flow patterns over

aircraft

t hat . What

MR

MARX: Ckay,

flow field a bit, you

the entire

let's see if | understand

is actually happening here is that the

rolling notion of the vortex is going against the side

of the tail

that the way |

of course,

you --

THE

and causing the yaw

understand it?

W TNESS:; That is one

in the airplane? Is

of the causes and,

ai rpl anes are dynamc beings. Wenever

the notions are coupled so that when you --

CHAI RVAN HALL

showi ng us with your hands,

job, the difference between a roll

novi ng,

as

THE

W TNESS: A rol

M. Geen,

woul d you m nd

because you do do a good

and a yawl ?

is wth the w ngs

am doing with nmy hands (denonstrating).

yawl is if the airplane --

to side.

That

is, the tail

if the airplane turns side

in the back wants to
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weat her cock the airplane into the local wind, or into
the local flow field, and when you change that flow
field with a vortex the airplane tries to align itself
wth the new wind field.

CHAI RVMAN HALL:  Thank you. | think that is
very helpful for the people that aren't famliar with
t hose terns.

MR MARX Do you have any data on the anount
of yaw that you would expect to have if you approached
a vortex from bel ow and have a high circul ation nunber?
For instance, the 1,500 to 2,000, or 2,500 that we are
tal ki ng about ?

THE W TNESS: Every tine you encounter a
vortex, you get a different answer and --

MR MARX:  Well, you were nentioning
sonet hing about 10 to 20 degrees roll. Do you have
anything that would be an indicator for yaw ?

THE WTNESS: You could get the same anount
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roughly. | nean, you could get --

MR MARX:  Ckay.

THE WTNESS: You could easily get five
degrees of yaw . It depends on the -- it depends a |ot
on what the pilot is doing and how you encounter the
vort ex.

MR MARX: Well, in the worst case scenario.
Let's say that the -- you encounter the vortex from
bel ow and the vertical fin is in the vortex and none of
the other part of the airplane is in there. Wat --
how nuch yaw can we maxi mumy get out of there?

THE W TNESS: Vell --

MR MARX:  Just pure yaw .

THE WTNESS: That is really beyond ny
experti se. You really need -- | nean, that is really
the reason that the sinulation was done, and | think
there is sonmeone who is going to testify as to what the

simul ator would show you woul d get.
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MR MARX: | have one ot her

deals with the circulation nunbers that

guesti on.

you feel

It

is the

1,500 to 2,000 is insufficient to flip a 737 upside

down, and |

page 14. \WWat

am quoting from Exhi bit

have to flip a 737 upside down?

THE W TNESS: I

out there that

flip a 737 upside down.

MR MARX: So,

worst case scenario such as a heavy jet,

THE W TNESS: It

down.

MR MARX:  And that

amsorry, that was 13(i).

13(i).  vell,

about 737's flying behind 727's,

a four-mle,

I am confused as to why we are worried

70-second, or

don't think there is anything

woul dn' t

Instead of 13(h),

what ever,

t hen.

Nunmber 13(h) on

a 747 --

circulation nunbers would you need to

can generate a strong enough vortex to

it would be -- you nean the

flip it upside

rules for
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the vortices won't cause an airplane to be upset?

But, what | amreally looking for here is if
you have any nunbers that would tell you what the
circulation data would be to cause an upset of the
ai rpl ane. If you don't have any, just say so.

THE W TNESS: | -- there aren't any hard
nunbers, because it is very difficult to reach a
consensus as to what constitutes a hazardous upset,
because it is -- near the ground, | think you woul d not
want to have even a 10, or 20 degree upset when you are
very close to the ground, and if you are further from
t he ground, you know, you have the safety margin of
altitude, and the separation standards and the way
you -- and the operational procedures, | nean, these
are procedures that have been devel oped over many, many
years of establishing separation so that by the tine
the planes are near the ground, as they are being

sequenced in and spaced and such, that they wll not
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get into a hazardous situation

MR MARX I have no further questions.

CHAI RVAN HALL: M. dark?

MR CLARK:  Yes, | have several. M. Geen,
in-- 1 believe in a general sense that you described
that the airplane was in the region of the vortex. Can
you put a nunber on that, the size of that region plus
or mnus altitude, or --

THE W TNESS: If the flow field is disturbed
somewhat in a region that is on the order of two w ng
spans, or a couple of hundred feet w de and maybe a 150
feet high, the largest part of the disturbance by far
is concentrated in a very small region that, you know,
may be as small as a few feet, but this flow field
extends, you know -- as you get into this flow field
and begin to feel it, it is large enough that its
effects extend over the entire aircraft once you begin

to get into it.
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MR CLARK:  Ckay. If we assunme that the
center of the vortex is at the core, can you give ne a
plus or mnus range on the position you may find that
core? | think you indicated normally at 300 feet. Do
you have an estimate of a plus or mnus range that that
core may be in?

THE W TNESS: Bet ween 250 and 350 feet is the
range that | think would be possible, given the
at nospheric conditions.

MR CLARK: Plus or mnus 50 feet is what you
are confortable with?

THE W TNESS: Urn-hum

MR CLARK: If we assune that an airplane was
entering the vortex and there is a large flow field
what will the effect of the nose have on -- or, the
front end of the airplane have on disturbing the
vortex, or busting the vortex, in your experience?

THE WTNESS: Wll, that is sonething where
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we have changed our mind in the past year as a result
of some tests. W have a wind tunnel technique where
we can actually fly an airplane inside a wi nd tunnel
and nount another aircraft wng upstream to generate a
vortex and, so, inside a wind tunnel simulate the
notions that one mght experience.

W had al ways assuned that when you put an
airplane in the mddle of a vortex that it would tend
to break the vortex up and sonewhat reduce the hazard
potential .

Wiat was observed in those tests was that the
vortex, instead of breaking up, would sinply wap
around the fuselage and -- which was a surprise and, of
course, the low pressure in there contributes to sone
of the pitching and yawi ng nonents that would be
observed when an airplane did encounter a vortex.

MR CLARKI  (kay, one final question. You

referred, or nentioned that at 6,000 feet an airplane
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shoul d have plenty of altitude for recovery from a
vortex upset. Were you referring to the type of upset
that we saw with the extreme attitudes in this case, or
were you referring -- at one point you nentioned a
typi cal upset of about a 30 degree bank angle.

THE W TNESS: I was referring to a typica
upset .

MR CLARK:  The 30 degree bank angle?

THE W TNESS: Yes, when -- with vortices of
this strength.

MR CLARK: Ckay, | have no further

questi ons.

CHAl RVAN HALL: M. Schl eede?

MR SCHLEEDE: Thank you. I m sunder st ood
your |ast statenent here. I had a question about this.

The 30 degrees of bank that you nentioned in your
earlier testinony, was that what you said just recently

for a typical upset, or did you equate that to the
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actual 427 event? Wuld you have expected this vortex
to cause a 30 degree bank?

THE WTNESS: No, this was what you woul d

expect -- what | would expect from an encounter wth
the strength vortex, depending how you entered it. You
know, you -- anywhere froma few degrees up to

sonething like 30 degrees, depending on exactly how you
hit it.

MR SCHLEEDE: So, that would be the |argest
value you would estimate in worst case encounter?

THE WTNESS: The problemwith that, we have
done a lot of testing and you never know if you have
hit exactly the worst case, but in ny opinion that is
the ball park.

MR SCHLEEDE:  (xay, and you also nentioned
the typical or classical scenario you get rolling and
pi tching and yaw ng. | know M. Marx pursued this

area. Can you quantify for us the yawing, as you
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nmentioned, the rolling up to 30 degrees. Can you
quantify in any way the potential yaw ng you would get
from the sane val ue vortex?

THE WTNESS: | really can't. That is why
you go to a simulator, because, you know, these notions
are coupled. They depend on pilot inputs, they depend
on not only the forces, but the rates that things are
goi ng on.

I think that probably discussion of
simulation will clarify some of this coupling when
you -- later in the testinony.

MR SCHLEEDE: Ckay, well, at one point
you -- | heard you say you could easily get five
degrees of yaw, and | thought that is what we could --
what was that based on? Ws that --

THE WTNESS: There are a lot of traces
published in the literature of, "Look what happens to

ai rpl anes when they encounter,” and they are just, you
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know, data traces of changes in the aircraft paraneters
when they encounter vortices.

MR SCHLEEDE: Those data, are those from
neasured flight test data?

THE W TNESS: Yes.

MR SCHLEEDE: At altitude, or fromthe
ground towers?

THE WTNESS: Mst -- oh, typically at
al titude. It is very difficult to do flight testing
near the ground and be confortable about the safety
I npacts.

MR SCHLEEDE: Are you aware in your
experience of any encounters in which a sustained
steady state yaw rate was caused by wake vortex?

THE WTNESS: Now, that is one of the areas
that is a little hard to understand about the trace
here. Wen you hit a vortex, nost of the encounters

| ast, oh, less than a half second, or less than a
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second. You are thrown out of it pretty quickly.

The exception to that is if you fly into a
vortex on one side and hit it just right so that it
sort of throws you over to the other vortex and you
get, maybe, bubble back the other way, or if you are
entering a vortex fromthe side and the vortex is
attenpting to throw you out and you put in enough rol
control to stay init, and then you drift through so
that you have both a vortex force and aircraft contro
in the sane direction that maybe takes you a little
| onger to correct, and you roll through the other
vort ex. Even there you don't get |ong, sustained,
steady kinds of forces.

MR SCHLEEDE: I know you testified about
your contribution to the devel opnent of the nodel that
we are going to hear testinony about from Boeing. How
accurate do you believe that the nodel that was used in

this case is to the real worl d?
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THE W TNESS: It is -- if | had to put a
nunber on it, | would say it is sort of a 20 percent
ki nd of accuracy. Anytime you are predicting what is
going on in the atnosphere, it is really hard.

It depends on the accuracy of your inputs.
Wien you have laboratory controlled conditions, it is
extremely accurate. Wen you have uncertainties in the
input conditions, it is going to -- it is going to give
you uncertainties in what you predict.

MR, SCHLEEDE: Well, help me with that 20
percent. 20 percent of possibility that it is correct,
or --

THE WTNESS: That is a fair question.

MR SCHLEEDE: Thank you.

THE WTNESS: No, | think there is a -- this
is the easiest case to predict. W do this sort of
prediction routinely for a lot of different things.

There is actually a lot nore interest in predictions of
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this sort for mlitary vehicles that have signatures
than there is even, you know, in the civil world, and
there has been quite a bit nore energy expended in
trying to devel op these kinds of nethods for
applications for sone of the mlitary applications and,
so, there is data available that we can conpare with
that gives us pretty good confidence for this kind of
condi tion.

MR. SCHLEEDE: So, can you put a value on the
confidence? | think we may have had the record
confused here with your 20 percent nunber you used.

THE WTNESS: Oh, | -- you know, | would say
that there is a very high confidence |evel that the
strength nunbers are sort of within plus or mnus 20
percent.

MR, SCHLEEDE: (kay, so that's worth 20
percent.

THE WTNESS: You know, you are not going to
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be significantly over 2,000 feet squared per second,
and if there were a lot nore turbul ence than we think
there was you could be lower, but if it were nuch
weaker it would not have descended to the point where
an airplane could have encountered it. So, it pretty
much has to be in this range to even have been invol ved
in an encounter.

MR SCHLEEDE: I know we have M. Kerrigan
comng on to testify. Do you feel the nodeling and the
information that was used during the Boeing sinulation
is representative of what you believe this vortex
strength was?

THE W TNESS: Yes, and | think that was M.
Jacky's intent in having NASA involved in that Boeing
effort and was to nake sure that there was a consensus
that we were using reasonable inputs into the
si nul ation.

MR SCHLEEDE: Thank you very much, M.
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G een.

CHAl RMVAN HALL: M. Laynor?

MR LAYNOR  Just a couple. M. Geen, are
there any active progranms to -- leading to the

measurement of freer characteristics of vortices?

CHAI RVAN HALL: Yes, there are. Wuld you
like for ne to tell you what is happeni ng?

MR LAYNOR  Yes, sir.

THE WTNESS: As a matter of fact, | am
currently heading up a tiger teameffort in a joint
program with NASA and the FMto | ook at the
possibility of changing, or seeing if there is any
reason to change sone of the airplane separations near

the ground, and part of this is the result of the

NTSB's recommendations to the FM and they tend to use
us as their technical armto help them acconplish that.

As part of that we just conpleted our initial

shake-down testing. W went to Menphis with a fairly
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sophi sticated set of instrunmentation, probably the nost
intense set of neasurenments that has ever been nade.

Wien we -- the shake-down was successful. W
plan to be back at Menphis this sumer where when the
weat her conditions are nore conducive to having |ong-
lasting vortices -- and nmake neasurenments for at |east
a nonth at Menphis with the fleet mx that flies in and
out of Menphi s.

One of the interesting things about the
Menmphis site is that Fed Ex has a termnal there. They
use a lot of 727's and as that -- as weather conditions
change and we have a string of 727's, or quite a few of
them coming in, we have the opportunity not only to see
wakes of different airplanes, but we can |ook at wakes
of simlar airplanes as the weather conditions change.

This is part of a |onger-range program but
which will -- 1 nean, we will go fromthere to another

airport since the weather conditions at one airport nay
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be totally unlike weather conditions at another

airport. But, it's a-- it's a multi-mllion dollar
per year program because it is viewed within NASA as a
very inportant problemin this country.

MR LAYNOR  What time frane do you think
information will start becomng available that wll
allow you to confirm the extrapolation that is now done
fromthe tower tests?

THE WTNESS: Wll, there is a wide range of
testing going on fromusing wind tunnel tests where we
nmount nodels statically behind other nodels. W have
just conpleted testing behind 747 and DC-10 nodel s.

W are going back into the free-flight wnd
tunnel phase this sumer with a 737 nodel as the nodel
that will encounter the vortex from the upstream w ng,
so we will be doing this with a 737 nodel .

Not so nuch because of flight 427, but

because at NASA-Langley we have a very good static w nd
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tunnel nodel of a 737 and we have a 737 aircraft which
was the nunber one 737, and it is also an aircraft that
Boei ng used 25 years ago in wake turbul ence studies.
So, we will have eventually flight tests, the free-
flight wind tunnel and static tests all of the sane
aircraft.

MR LAYNOR  Wthin the next couple of years,
per haps?

THE W TNESS: Urn-hum

MR LAYNOR  What characteristics of the
airplane determne the velocity distribution, core size
and the maxi num tangential velocity?

THE WTNESS: To the best of mnmy know edge,
there is no -- the answer is, no one really knows. W
separate airplanes now. W call them airplane
separ at i on. Some of us believe they should be nore
appropriately called weather separations.

Most of the pilots | talk to sort of know
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that when they get one of those nice, calm days they
are a little nore alert, and if they are being bounced
around in turbulence they don't really worry too nuch
about vortices. Separating out those effects is
sonet hi ng people have attenpted for the past 20 years,
but w thout total success.

MR, LAYNOR I think what | was trying to
find out, because you can have two aircraft that have
the sanme weight, wing span, fly approach speeds about
the same, so they would theoretically have about the
same circulation, | assune, but they could have
different vortex characteristics in terms of velocity
distribution, is that true?

THE WTNESS: That is correct, and things
like the relative inport -- how much profile drag you
have, how clean the airplane is and where it is
di stributed.

It is very difficult to quantify that, but

CAPI TAL HI LL REPORTI NG | NC

(202) 466- 9500



10

11

12

13

14

15

16

17

18

there was a lot of research done where people
intentionally added drag to airplanes in an attenpt to
break up the vortices, and they were able to nake them
decay, you know, sonmewhat nore quickly.

So, in a qualitative sense we understand sone
of these things, but | think it is safe to say that the
technology to design an airplane and accurately predict
exactly what its weight characteristics are going to be
in terms of a velocity distribution, you know, it is
not there, and it may not even be inportant. It may be
that it is only the total strength.

I know this is awfully technical, but
there -- you know, there is a termthat we call
vorticity, which is sort of how fast a particle of
fluid is rotating, and then a term which we call vortex
strength, or circulation, which when you add all the
fluid particles up what do you get, and it is not clear

to what extent the distribution effects the total when
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you have | arge airplanes.

Wien you have -- the problem we had many
years ago was one where you -- and it is still today.
The crashes tend to occur to the very snallest aircraft
whi ch woul d just about span the vortex core, or, you
know, the inner part of a vortex, but when you have
encounters involving aircraft that have a | 0O foot w ng
span and extend far beyond the region where you have
the very high velocities, then it is the velocities in
this outer part of the flow which is determ ned by the
strength of the vortex which contributes nost to the
torque that would tend to roll the aircraft.

MR LAYNOR Excuse ne. Has NASA conduct ed
any sinulations of vortex entries?

THE W TNESS: | beg your pardon?

MR LAYNOR Has NASA actually conducted any
simul ations of vortex entries, vortex encounters?

THE WTNESS: Yes, they have.
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MR. LAYNOR  But, you are not aware of those?

THE WTNESS: There is a long history of
simulations by at least a half a dozen organizations
over the past 20, or 30 years of vortex encounters.

MR LAYNOR I was curious how nuch data
exists that would allow you to |ook at different
angul ar entries, from perpendicular where you would get
a pitching noment to nearly parallel where it would be
nearly a pure roll. I's there much date around?

THE WTNESS: There is sone, and we are
getting ready to add quite a bit to that database. |
mean, as part of this program | described earlier, you
know, there will be a considerable anount of
si mul ation.

It will -- as the nodels to that predict how
strong a vortex will be two, three, four mles behind
an airplane, have confidence levels raised to a

sufficient point and those can get plugged into
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sinulations, then to see what sort of response you get.

MR LAYNOR  (kay, thank you, M. Geen.

CHAI RVAN HALL: M. Geen, just generally
speaking, how | ong has there been know edge of wake
vortex in the aviation area and how | ong has NASA been
involved in looking at it?

THE WTNESS: Wll, let's see. | guess the
first published description of a wake vortex was
probably back about 1907, or so. It goes back to the
cl assi cal foundations of aerodynam cs.

CHAI RVAN  HALL: | understand that the
separation distances with aircraft which obviously
impact on traffic which inpact on how many planes can
fly in and out of an airport at a given period of tine,
do you know how I ong we have had separation distances
established by the FM roughly?

THE W TNESS: 25 years.

CHAI RVAN  HALL: | am very pleased to see and
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appreci ate your -- the knowl edge that -- you all are
proceeding full speed ahead on sone of the
reconmmendations that we have earlier nade. You
nmentioned anbient weather that -- | believe you said
that the vortex, the length of it lasts as a result of
t he weat her conditions.

Now, weather conditions the day of that
flight, have you had a chance to | ook at those?

THE WTNESS: Yes, | have.

CHAI RVAN HALL: Just, you know, in ny
term nol ogy, would they have lasted |onger or shorter
that day?

THE WTNESS: That was a relatively |ong-

l asting weather condition conducive for |ong-Ilasting
vortices. You had | ow wi nds, you had very small
gradients in the wind, and the gradients in the w nd

can generate atnospheric turbul ence which chops them

up.
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CHAI RVMAN HALL:  You descri bed the encounter
that you put together as a result from what you could

obtain as a serious encounter? |Is that fair to say?

THE W TNESS: | don't think |I said serious.
| nean, | -- you have to define what serious is before
you can -- | mean, serious -- for exanple, we are
working currently with the British CMto -- you know,

they want our inputs basically in what is serious.

They have an incident reporting system when
t hey have categorized encounters as either an A, B, or
C depending on whether it was at the 10, or 20, or 30
degree kind of a roll upset, and now they are going
back and they are interested in seeing if there can be
an international consensus devel oped that when you
report an encounter it is a -- the seriousness wuld be
not only a function of the roll angle, but a function
of the altitude and the roll angle.

They have basically proposed that if you are nore
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than a few thousand feet, | think the encounter needs
to be -- | don't know, 40, or 50 degrees before it is
serious from a hazard standpoint, and nost of the
encounters that they have experienced where they have
had roll upsets exceeding 30 degrees have been at
altitudes greater than 2,000 feet, and nost of the
upsets that they have down near the ground are, you
know -- are the 10 degree variety.

CHAI RVAN HALL: Ckay. Just one | ast

questi on. You said that there was the possibility in

terms of the yaw that that would be where the vortex is

comi ng down and woul d encounter the tail first,
possibly, or the tail would conme up?

THE WTNESS: That is a sinplification, but,

| nean, clearly you can get -- | nean, airplane notions

are coupled and you can get --

CHAI RVAN HALL: So, vyou could get a yaw and a

roll, both?
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THE W TNESS: Yes.

CHAI RVAN HALL: In a wake encounter?

THE WTNESS: And, | nean --

CHAI RVAN HALL:  Cxay.

THE W TNESS: -- one can cause the other
w thout a vortex, even. \Wen you get -- | nean --

CHAl RVAN HALL: M. Geen, | understand, |
believe, that NASA is funded the sane way the NTSB is,
primarily through taxpayers' dollars, is that correct?

THE WTNESS: That is correct.

CHAI RVAN HALL: Well, | appreciate your
attenpt today to make a technical area understandable
to the people that are paying our bills, and I
appreci ate your tine.

THE WTNESS: Thank you very nuch

CHAI RVAN HALL:  Thank you very nuch. You are
excused.

(Wtness excused.)
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The next witness is a very significant
witness to this hearing and is going to focus a
substantial amunt of tine in his testinmony and in the
questioning, so although we have just recently taken a

break, rather than start the next witness | would

suggest that we take -- it is now close to three
o'clock -- that we take a 15 minute break and cone back
and begin at 3:15 so we can -- will not have to have an

interruption during the next w tness' presentation.
Of the record.

(Whereupon, a brief recess was taken.)

CHAIRVAN HALL: On the record. Pl ease take
our seats.

(Pause.)

Thank you. | call the next w tness, M.
James Kerrigan, Principal Engineer 737 Aerodynam cs
Stability and Control with the Boeing Commercial

Airplane Goup, Seattle, Washington.
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I will mention at this point that M.
Kerrigan will testify, or present his testinony here as
W tness nunber four and then will be re-called later in
the hearing. M. Schleede, if you would please
proceed.

(Wtness testinony continues on next page.)
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JAMES KERRI GAN, PRI NCI PAL ENG NEER 737 AERCDYNAM CS
STABILITY AND CONTROL WTH THE BOEI NG COMVERCI AL
Al RPLANE GROUP, SEATTLE, WASHI NGTON
Wher eupon,
JAMES KERRI GAN,
was called as a witness by and on behalf of NTSB, and,
after having been duly sworn, was exam ned and
testified on his oath as foll ows:

MR, SCHLEEDE: M. Kerrigan, would you pl ease
state your full name and business address for the
record?

THE WTNESS: James WIIliam Kerrigan.

Busi ness address, P.O Box 3707, Seattle, WAshington.

| am enpl oyed by the Boei ng Conpany.
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MR SCHLEEDE: What is your position at
Boei ng?

THE W TNESS: | am a |lead engineer in the
Aerodynam cs Stability and Control G oup at Boeing, and
ny group supports the 707, 727 and 737 airpl anes.

MR SCHLEEDE: Could you briefly describe
your education and background that qualifies you for
your current position?

THE W TNESS: | graduated from the University
of Mnnesota with a degree in aeronautical engineering
in 1964. | have been with Boeing for the last 29 years
and have worked alnost the entire time in Stability and
Control, and basically started on the 737 during its
original certification in 1966.

MR SCHLEEDE: Do you hold any FM rati ngs,
or certificates?

THE WTNESS:. No, sir.

MR SCHLEEDE: Al right, thank you. M.
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Jacky will proceed.

MR JACKY: Thank you. Good afternoon, M.
Kerri gan. I would like to first ask you if in your
experience with Boeing Aircraft Goup, have you ever
participated in any NISB accident investigations?

THE WTNESS: Yes, | have participated in
several .

MR, JACKY:  (kay. Coul d you perhaps list a
coupl e of those, please?

THE WTNESS: The ones that have occurred --
the major ones would include 727 TWA spiral dive sone
years ago, several recent accidents on the 737,
including Colorado Springs. That nmay be the nore --
the ones that involved the NISB, that is probably --
probably it.

MR, JACKY: During your participation of the
investigation of these accidents, what have been

your -- what has been the result of your participation,
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or what have you participated in, or what aspects of
the investigation?

THE WTNESS: Well, nmnmy group is primarily
aerodynamics, stability and control. W look at the
flight data recorder traces that come out, cockpit
voi ce recorder, put together a sinulation of the
particular airplane characteristics, whether it is a
737 200, or 300.

W take the simulation and try to recreate on
the sinmulator the accident scenario. W have pilots
i nvol ved soneti nes. Some of it we do in a background
node on the sinulator

MR, JACKY: How do you sinulate the 737, or
727 aircraft?

THE WTNESS: Wll, we have -- as part of our
flight crew training groups, we create a simnulator
docunent in ny group that actively portrays the various

nodels. W build -- starting with the wind tunnel
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dat abase we will build a predicted simulator.

W |ater then, when we have flight test data
available, we will use that data to try and recreate
or to check the sinulation nodel and adjust it wherever
it needs to be adjusted so that we end up with a very
close match to the flight test data, and that data,
then, is put into a simulator.

W have a cab that we use associated with the
si nul at or. It is called the Mcab, nulti-purpose cab
The cab is capable of being nade into a 727, or 37, or
47, whatever nodel and whatever instrunments we want to
put on it, and that is a notion-based cab.

MR JACKY: During the course of this
investigation did you use the Mcab as part of the
reconstruction, or sinulation?

THE WTNESS: Yeah. Yes, we used the Mcab
whenever we wanted to bring a pilot into the |oop and

get his reaction to the occurrences.
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MR JACKY: Did you use the Mcab sinmulator
to investigate a possible wake vortex encounter?

THE WTNESS: Yes, we did, we had to
establish a wake vortex nodel as part of this exercise.
W did not have one readily available. W had created
one for Colorado Springs, and this was an offshoot of
that, a much tighter wake, of course, froma 727.

MR JACKY: Well, just for information sake,
is the investigation that you participated in in
regards to the Colorado Springs accident, was that not
a rotor which is just one large --

THE WTNESS: Yes, that is correct. W -- in
that accident, there was known rotor activity in the
area, and the nodel that we put together was for a
rotor which was anywhere from several hundred feet to
maybe a thousand feet across, whereas these are nore on
the order of 4 to 16, 17 feet in dianeter.

MR JACKY: So, in terns of the rotor, we are
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tal king about a one large solid mass of rotating air as
opposed to in the wake vortex we are |ooking at nore --
two smaller rotating bodies of air?

THE WTNESS: That is correct, two snaller
wakes, and they -- also, there is an interaction
between the two. They are rotating, one clockw se and
one counter-clockw se, so they tend to react one with
t he ot her.

MR, JACKY: Could you please describe how
Boeing was able to nodel the wake vortex into the M
cab, please?

THE WTNESS: Wll, we got together with the
NASA people and cane up with a set of paraneters that
we used. There is a foil, if we could |ook at the
exhi bit. | believe it is page 3 of Exhibit 13(j).

(Visual aid shown.)

This shows in general what the vortex node

| ooked like. You see two tight circles that represent
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the actual core, and that, as | said, is anywhere from
two to about 16 feet in dianeter.

As you can see, the influence of the vortex
goes far beyond the core and it just -- it dissipates
pretty rapidly, but it still is present for at l|least a
coupl e diameters away from the core.

You can see between the core -- the two
cores, that there is a down-flow and in the span of the
wake nodel that we used it is about 85 feet, as M.
Green pointed out.

CHAI RVAN HALL: M. Jacky, | think it mght
be just put on the record at this point, if we could,
just -- M. Kerrigan, could you explain, then, to us
just briefly the difference between an engineering
simulator and a regular sinulator?

THE WTNESS: Wll, in ternms of the
aerodynam ¢ data set that is in the twd, they are

general ly identical. In a case of an accident where we
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may get out of the normal flight envel ope where the --
into an area where our sinmulator has ever been
progranmed, we may have to re-programit slightly.

The major difference between the two in terns
of the nodel is that we have the ability to |look at al
the bits and pieces within the aerodynanm c nodel. Al
the paraneters that deal with airplanes are avail able
to us. We can dunp them out and record them as a
function of tinme and | ook at them off-Iine.

But, the sinulator database is identical
generally, to the training simulators, and we have --
the nmotion system that we have on ours nmay not be
exactly the same, and this, as | said, is nmulti-
purpose, so the interior is not a perfect 737 nodel.

In fact, it is a-- it can be varied to sinulate any of
the different nodels.

CHAI RVAN HALL:  Now, are there many

engi neering sinulators around, or do you all have the
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majority of thenf

THE W TNESS: Vll, in terns of what we have
at Boeing, we have -- we have -- several of the other
ai rpl anes have their own specific engineering
sinulators, but outside of the Boeing Conpany, | don't
know

CHAI RVAN HALL: Al right, thank you

(Pause.)

MR JACKY: Could you describe what inputs
you used in nodeling the wake vortex specifically for
the preceding 727 aircraft?

THE WTNESS: Ckay. W had -- through the
NASA gentleman and through our own experts, have cone
up with sonme paraneters that we believe that the 727
wake woul d exhibit.

As he nmentioned, the maximum theoretica
circulation is about 2,400 feet squared per second and

the predicted dissipation for the atnospheric
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conditions of the day were about 30 percent. On the
sinmulator, the dissipation was varied anywhere from 13
to 55 percent just to nake sure that we bounded the
possibilities for the day.

The dianeter of the core was about 4 to 16
feet and, as | said, the centers to the wake are about
85 feet apart, which is the theoretical distance that
they would be apart for the 727. The wake, again, was
generated consistent with the energy that a 727 -- the
rate and speed and flap of the Delta airplane would
gener at e.

The wakes vary -- rotate in opposite
directions to one another. The left wake from the rear
rotates clockwi se, the right wake counter-clockw se.
For the simulation, we actually put sone color to the
wake, as he showed with the airplanes flying through
W th colored snmoke. W on the simulator created wakes

and put a color to it so that we could find it when we
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had piloted sinulations.

The velocity distribution through the core is
linear and maxi mum at the outside radius of the core
and then dissipates fairly rapidly outside the core.
The velocity of the wakes tend to nove down due to the
down-wash behind the wing and expect that for this --
about the tine that the two airplanes would have -- the
wake of the 727 and the 737 would have cone together,
that it would have noved down about 300 feet.

MR JACKY: How are you able to put this
nodel -- or, to model this energy in the Mcab
si mul at or ?

THE WTNESS: Wll, the wake nodel is sinply
a mathematical nodel and it is generated in the nodel
In this simulation it is just external to the airplane
as a series of winds with the characteristics that we
have just descri bed.

The -- it is totally independent of the
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aircraft, and when the airplane flies into the wake we
have a -- we had to revise our nodel sonmewhat to
include a distributed lift nodel on the 737. [f you
could put up page 4, page 4 of Exhibit 13(j)?

(Next visual aid shown.)

This -- typically when we sinulate a nodel
it is done as a point nmass. W |ook at the center of
gravity of the airplane, and all the things that affect
that airplane are generated at that point, so that if
you flew into a wake you wouldn't see any effect of it
until the center of gravity of the airplane got to the
wake.

In order to nake this happen as a w ng got
into the wake, we went to a distributed lift nodel and
the wing basically was divided into 23 two-foot
segnents and the vertical tail into six two-foot
segnent s. That way, each segment could be eval uated

individually as the wake encountered it. W also
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nodel  ed the horizontal tail, as you see in the
(i naudi bl e).

As we evaluated that on the sinulator, we
found that it tended to produce some rather unrealistic
tendencies, notions of the airplane. W believe that
is primarily because on the airplane when you hit a
wake, typically it will hit the wing first and that
w |l cause an interaction, or a slight change in the
wake before it gets back to the horizontal tail.

The pilots felt that what they were getting
out of the simulation was very reasonable in roll and
in yaw, but didn't feel that the pitch was correct.

So, sSubsequently we disabled that part of the nodel and
just used the roll and yaw

Then the effect of the wake on each segnent
of the wing and in the vertical tail was determ ned by
averaging the flow angle change due to the wake's fl ow

field, and then, wusing this change and flow angle, the
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lift and side force could be calculated from the known
local lift characteristics of the wing and tail

The rolling noment and yawi ng nonent, then,
could be due to the wake to then be determ ned by
integrating the lift and side force along the surfaces.
The validity of the nodel was confirned nainly at --
during this stage by conparing the new nodel to
maneuvers that had been flown on the previous nodel to
make sure that the distributed lift nodel gave the same
results and, also, the pilots flew it with and w thout
a wake involved to nake sure that the characteristics
of the 737 were still correct.

MR JACKY: Who did the verification of both
the distributed lift nodelling and also of the vortex,
itself?

THE WTNESS: The sinulator studies that we
did included a nunber of pilots; FMpilots, and |

believe there were some NASA pilots, or NISB people
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that flewit, and then also some USAir pilots that
participated in the performance group, and Boeing
flight test pilots. That was the prinmary verification
at the time we flew it on the sinulator

MR JACKY: Wiat was the feeling of the
pilots in regard to the nodelling?

THE W TNESS: Basically, they felt that it
was very significant, or very close to what they had
experienced in flight, that collectively they had --
all had had encounters with wakes at one time, or
another and felt that what they were seeing in the
simulator was very nuch |ike what they had experienced
in flight.

MR JACKY: Now, when you were actually doing
the sinulations of the airplane encountering the wake,
how did you go about setting that up and what sort of
primaries did you use to bound the problen?

THE WTNESS: Well, we -- in terns of what we
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did on the simulator, with the pilots that were there
we flew well over a hundred runs on the simulator and
we did vary the wake size, the strength, the |ocation
relative to the aircraft, and the novenment of the whole
wake was al so eval uat ed.

The pilots felt that a wake vortex with a
1,500 feet squared per second was probably the nost
typical of what they had encountered in flight. In
that -- you know, that is about it.

MR, JACKY: Wiat did the pilots feel as far
as -- or, what was their belief as far as the results
of the aircraft encountering a 1,500 wake?

THE WTNESS: Wll, | think, again, they felt
that it was not an unusual wake to encounter in flight.
It is very difficult to get it tied directly to this
flight data recorder infornation. Every tine -- as M.
Green pointed out, every time you fly through a wake

you get a slightly different outcone.
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The angle at which you enter the wake is very
i mportant and whet her you cone from above, or bel ow,
and all the paraneters that a wake -- can vary
dramatically the result that you get.

I think that our bottomline was that the
piloted simulations and sonme prelimnary un-piloted
results show that a wake vortex of the size and
strength that we calculated for Delta 727 could cause
an upset of the nagnitude shown on the flight data
recorder of USAir 427 during the initial part of the
upset, but could not cause a continuation of the
maneuver beyond the initial upset.

W do have a chart that shows roughly how

long we think the 727 was -- or, the 737 was in the
wake of the 727. W could show -- | believe it is
Exhibit 13(m.

(Visual aid shown.)

As was earlier stated, the 727 was
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approximately 4 mles and 70 seconds ahead of USAir
427, and at the point where the radar paths cone
together the 27 was about 300 feet above the 737 and
descendi ng.

The top of this chart shows the actual radar
hits with synbols for the east, south and -- or, east-
west and north-south nmovenents of the two aircraft as
recorded on the radar. It is simlar to the chart you
have seen before. The sane data charts are on both
charts.

The lines represent a kind of a probable
snmooth path of the two aircraft through the data. The
chart shows that the 727 is turning onto the same
heading that USAir 737 will have about 70 seconds
| ater.

The bottom of the chart gives the estimated
evalu -- elevation of the wake at two different tinmes

in the accident sequence based on the known el evation
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of the 727 from the radar data and the known el evation
of the 737 from radar data.

As you can see fromthe -- at the el apsed
time of the 134 seconds, USAir 427 was at about 6,000
feet and the wake woul d have been at about 6,050 feet.
Five seconds later, 139 seconds, the 737 was at 5,950
and the wake woul d have been at about 5,900 feet.

So, they have crossed over at -- somewhere in
between there, and within the accuracy of the radar
data and as M. Geen nentioned, all the many variabl es
in ternms of the wake descending, we believe that this
analysis would be fairly close in that these two
airplanes would be in fairly close -- or, well, the
wake and the 737 would be in fairly close proximty for
about five seconds, perhaps a little bit nore, and that
is consistent with the flight data recorder, as far as
the initiation of the event is concerned.

| do have a video of a wake encounter if --
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MR JACKY: Could I ask you one question --

THE W TNESS: Sure.

MR JACKY: -- before we go to that? In
| ooking at that -- the chart, do you believe, then
that the two ground tracks, as shown, would represent a
potential vortex encounter for USAr 427?

THE W TNESS: Yes, | think that is -- | think
that is the case. The radar, as M. Geen pointed out,
is not proof positive that these two things would have
occurred, or would have been in the sane air space at

the same tine, but the flight data recorder traces,

which we will get into here in a few mnutes, | think
definitely indicate that there is -- potentially, at

| east -- a wake encounter at the beginning of the
upset .

MR JACKY:  (kay, and you said that you have
a video to show?

THE WTNESS: Yes, that is one of the -- part
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of Exhibit 13(1).

CHAI RVAN HALL: M. Kerrigan, before we begin
wWth the video, would you please, if you will, describe
to us what -- what we are about to see and how this was
put together?

THE WTNESS: Ckay, yes, | will. The video
depicts an arbitrary wake encounter and it doesn't
necessarily try to recreate the accident wake
encounter. However, the wake is consistent with the
wake expected fromthe Delta 727, assum ng a nom nal 30
percent dissipation of the wake.

In this case, the wake is level and it is
fixed in space. The 737 aircraft is approaching the
wake fromthe left with the autopilot on and starting
to turn onto the heading of the wake. The autopilot in
this case and the auto-throttles are both on during the
entire event and there is no pilot input.

You will see that in this case the bank angle
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that it results is a bit nore than what M. Geen
indi cated, but, again, there is no attenpt by the pilot
in this case to hold the wings |evel.

CHAl RVAN HALL: If you could dimthe lights
now and wal k us through the video, we are ready.

THE WTNESS: As we -- as we go through this,
it all happens pretty fast.

CHAI RVAN HALL: M. Haueter, they need a copy

of the video at the desk over here.

(Pause.)
M. Kerrigan, | think it is inportant at this
point -- well, since we have got a nonent -- to point

out that you participated in the performance group, and
this work that you are representing to us all of the
performance group participated in, and Exhibit 13(a) of
the many exhibits outlines the participants of the
performance group that is included.

M. Jacky who doing the questioning, M.
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Steve ONeill with the FM M. Bob MCull ough with
USAir, M. Keakini Kaulia, | guess, with the Arline
Pilots Association. Is that -- | apol ogize, sir.

MR KAULI A: It is Keakini Kaulia.

CHAI RVAN HALL:  Ckay, sir, | apologize to
you. That is the first time |I have seen that, and that
is -- along with M. Kerrigan. So, although you are a
representative of Boeing, this represents work that al
of the performance group has participated in.

(Video presentation shown.)

THE WTNESS: Yes, that is correct. On this
video, the first thing that occurs is the right w ng
encounters the |eft wake which causes a slight rol
left. The aircraft then noves fully into the left wake
causing a right roll.

It noves between the wakes, it noves down
rolling left, then noves into the right wake increasing

the left roll and noves to the |eft because of the left
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roll, but passes bel ow both wakes.

CHAI RVAN HALL: W need to get rid of these
lights if we are going to be able to see it, | think.

(Pause.)

THE WTNESS: Now, the maxi mum bank angle for
that particular case was about 50 degrees. Can anybody
see that, or should we try to run it again with |ess
lights? Is that possible?

CHAl RVAN HALL: Can it be seen out there all
right?

VA CES: (I'naudi bl e.)

CHAI RVAN HALL: Ckay, well, never mnd, we
can look at it later.

THE WTNESS: Again, this wasn't an attenpt
to try and show what woul d happen specifically during
the USAir 427 wake encounter, but it does show that a
wake encounter can result in a pretty significant upset

to the aircraft, especially with only the autopil ot

CAPI TAL H LL REPORTI NG | NC

(202) 466- 9500



10

11

12

13

14

15

16

17

18

188

trying to correct it.

However, if you notice, the autopilot was
able to correct it, and after leaving the influence of
the wake it just attenpted to get the airplane back on
the originally selected headi ng.

MR JACKY: Just for clarification, was the
data represented in the video, was that produced during
the aircraft performance group work simulations?

THE WTNESS: No, that particular one was run
after -- after we net last in -- it was -- just
represented sone background work. There was no pil ot
involved in that sinulation.

MR JACKY: Okay, thank you.

(Pause.)

[f you would, | would like to talk about the
FDR data that was extracted fromthe flight data
recorder.

THE W TNESS: Ckay, We have -- if we could
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put up page 7 of Exhibit 13(j)?

(Visual aid shown.)

Turn it 90 degrees.

(Pause.)

Ckay, this data is all fromthe flight data
recorder and it is plotted versus tine. This first
chart shows the last 70 seconds of the flight. It
i ncl udes the descent to 6,000 feet in the turn fromthe
headi ng of 140 to about 100 degrees.

The paranmeters shown include the air speed on
top, the altitude, heading angle, roll angle, the
| ongi tudi nal acceleration, normal |oad factor, pitch
angle, NI which is engine revolutions per mnute, and
control colum position. There are several other
engi ne paraneters that were available, but not plotted
and sone weren't particularly significant to the
i nvesti gati on.

The second chart, if you could put up the
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page 6 of that sanme exhibit?

(Next visual aid shown.)

The second chart shows basically the same
information, but concentrates on the final 30 seconds
of the flight. As we nove through this, the first
indication of anything out of the ordinary was an
oscillation of the air speed indicator concurrent wth
several bunps and normal |oad factor.

I have an electronic pointer here, which may,
or may not work. The bunps in load factor are right in
that area (indicating). Ch, | amsorry, the air speed,
and | oad factor down in that area, you can see that is
novi ng around, and those paraneters start to nove prior
to the roll angle changing very mnuch.

The roll angle is heading back towards zero
as he flies the maneuver and trying to get back on the
headi ng of 100 degrees. So, the first upset to roll is

actually as it rolls back toward the -- toward the
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left.

This was -- the initial bunps in load factor
and the air speed indicator was followed shortly by the
roll oscillation, first back to the left and then to
the right and then back to the |left again. The
aircraft continued to roll to the left.

It stabilized nonentarily at about 70 degrees
of roll and then continued to roll sharply to the left.
During this time, the control colum which was the only
control position recorded on the flight data recorder
was pull ed back, reaching about a full nose up position
and about the sanme tinme that the bank angle reached 70
degrees, or slightly later than that.

Air speed and altitude were maintained fairly
constant until the roll angle exceeded 70 degrees. You
saw a video earlier of the accident sequence, and this
is a better way of visualizing that for a |lot of

people, instead of a graph.

CAPI TAL HI LL REPORTING | NC

(202) 466- 9500



10

11

12

13

14

15

16

17

18

So, Boeing has al so produced a video at the
request of the NISB to better visualize the data. If
we could see that at this point, the external view?

(Video presentation shown.)

This video depicts the flight path of USA r
427 obtained fromthe flight data recorder. The
instruments are driven by the flight data recorder
information directly where it is available, and from
derived data in the case of a decline which is not
directly nmeasured in the flight data recorder

The attitude of the airplane follows the
pitch, roll and heading recorded on the flight data
recorder, but air speed and altitude follow a
kinematically derived data set which basically takes
the position error out of the data set.

The instrunents shown which are fairly hard
to see are, fromleft, NI for both engines, on the

first gauge air speed, then altitude, attitude director
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indicator, the ADL above, the conpass bel ow and on the
far right, the altineter above, the rate of clinb bel ow
it.

At this point, he is in the turn to the left
trying to return to a 100 degree headi ng.

(Pause.)

There is a bobble in air speed and altitude
at that point, then the aircraft rolls off to the left.

(Pause.)

If we could just go ahead and show the --
there is a second video with the forward view from the
cockpit during the maneuver. The flight crew would
actually have a slightly broader field of view than
what we are show ng, because they would have side
wi ndows and be able to |ook out the other pilot's
W ndow.

(Next video presentation shown.)

This shows the sane instrunents as we had
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bef ore.

(Pause.)

One further thing that we did do with the
flight data recorder information was to conduct a
correlation test using the cockpit voice recorder and
the flight data recorder together in the Boeing 737-300
flight sinulator.

During the correlation tests, participating
pilots were provided with sound-bl ocki ng headsets and
were placed in the 737-300 notion-based simulator. The
pilots were fromthe various parties.

I think every party had any pilots that were
a part of the Operations Goup, or the CVR Goup plus
two or three nore that participated directly at the
parties' selection.

What occurred was that a short segnent of the
cockpit voice recorder was played through the headsets

while the notion-based sinulator was driven through the
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corresponding tine history of the flight from the
flight data recorder

During the test, the flight instrunents and
the colum and throttles were driven from the val ues
known fromthe flight data recorder and the visual
scene through the cockpit's front w ndow corresponded
through the view that we have just seen from the
aircraft cockpit.

The wheel and rudder pedals were not driven
during the test, since their notion is not recorded on
the flight data recorder and we don't know for sure
what was happeni ng there.

The throttle handle position is also not
known, but what we did -- we do know what the NI of
the airplane did, so we calculated -- back-calculated a
throttle position to go with that NI, and those of you
who fly will understand that that isn't necessarily the

actual throttle position, but it was close. You can
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nove the throttles quickly and the engines can't quite
keep up with it, so that was not totally accurate.

In addition, the external view of the
aircraft, again, simlar to what we just saw, was
available outside the simulator and crews waiting to
enter the simulator could listen through headsets to
the cockpit voice recording while viewing the aircraft
notion from an external view.

The response of the pilots experiencing the
correlation test was, in general, very positive and
they did feel it was an excellent tool and | think came
anay wWth a very nuch better appreciation for the
rapidity of the upset experience of flight 427.

MR, JACKY: M. Kerrigan, what was the
objective of that test, or that effort?

THE W TNESS: | think the -- well, the
objective of the test was primarily to see if the

pilots could pick up anything, any sounds that they
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m ght recogni ze.

There were a nunber of sounds that were heard
on the cockpit voice recorder which still haven't been
i dentified. There are sone clicks and thunps which
didn't make sense as to what they m ght have cone from
There is no way of know ng that.

I think the thought here was if you put the
pilots in the environment that the USAir pilots were in
that they mght possibly be able to say, "OCh, yeah, |
recogni ze that, that was . . ." -- whatever.

| believe that that was not the case. |
don't think they identified any additional sounds. One
of the pilots that participated in it will be available
as a witness later on and can address, you know, what
they did find.

MR JACKY: Did you participate in the
effort?

THE WTNESS: No, the perfornmance group did
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not participate directly in the correlation tests and,
infact, | personally have not yet heard the cockpit
voi ce recording, even though |I have spent about 120
percent of ny working tine on this accident since it
happened.

| saw the transcript of the recorded coments
for the first time this norning when they were rel eased
by the NTSB. In fact, while | understand that this is
the current NTSB policy, | believe it is vital that
t hose conducting an accident investigation have all the
information available to them as soon as possible in
the investigation to insure that all the avenues can be
t horoughl y expl or ed.

| hope that this NISB policy can be changed
to allow those directly involved in the investigation
to have the benefit of all the information avail able.

MR JACKY:  Thank you. If you woul d, please,

I would like to direct your attention back to the plot
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of the FDR data, which is Exhibit 13(j), page nunber 6
pl ease.

(Wtness conplies.)

Just for the record, although the exhibit
shown here is a Boeing plot, was the data produced from
this done as part of the NISB' s flight data recorder
group effort?

THE WTNESS: That is correct. W received
fromthe NISB a tape of the flight data recorder
information and then processed that and produced this
plot directly fromthat. There is -- nothing has been
done to this data, at all. This is just the raw data.

MR JACKY:  (Ckay, thank you. [n your
estimation, where do you believe, in terns of tine, did
the upset first occur? Wuat was the beginning of the
upset ?

THE WTNESS: Wll, the airspeed and | oad

factor traces show at about 132 and a half seconds, the
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first nmovenent from what we would call normal flight.
So, | would say at 132 and a half seconds is roughly
where the first effects of the wake were encountered.

MR JACKY: You may have al ready answered
this question, but is there anything, or any data that
you see in these traces that would believe, or nake you
believe that there was a wake vortex encounter?

THE WTNESS: Wll, certainly the air speed
anomaly that is shown there is sonething that has been
visible in other wake encounters where airplanes have
not been as seriously upset, and also the oscillation
that occurs in roll where the oscillation is -- has a
period that is roughly the sanme as the Dutch rol
period of the airplane. You know, it would indicate
that sonmething of that order has contacted the
airplane, inpacted the airplane.

MR JACKY: Could you please explain what the

Dutch roll oscillation is?
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THE WTNESS: Wll, the large jet transports
have -- with the swept wings -- have a node that is
called Dutch roll, and it is basically named after the
Dutch ice skaters of years ago because it is a notion
t hat goes back and forth.

Not rapidly, it can have a period of four to
seven seconds, so it would nake one oscillation every
four, or five seconds, and that node is sonething that
is present on all airplanes, and yaw danpers are
installed on nost large jet transports to danp out that
oscillation.

But, if the airplane is disturbed, that -- in
the directional sense, that will typically be the, you
know, nore or less the node that it will seek out. The
frequency will quite often be simlar to that if you
have a l|ateral directional upset.

MR PURVIS: M. Chairnman?

CHAl RVAN HALL: Yes, John?
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MR PURVIS: Wuld it be useful for us to use
the laser pointer fromthe table to point to what he is
referring to on the chart while he speaks so he can
kind of face the panel and we could point for hinf Is
t hat al | owed?

CHAI RVAN HALL:  That woul d be fine

MR PURVIS. Al right.

MR JACKY: Are there any other indications
in the FDR traces that would |ead you to believe that
427 experienced the wake vortex of the preceding 727?

THE W TNESS: In terns of the flight data
recorder, itself, | think the nmain indications are |oad
factor, air speed and the lateral upset shown in the
rol | nmaneuver.

As we devel oped and tried to extract from
this data the aerodynam c characteristics that caused
the upset, we have cone up with a set of nonments that

woul d be, | think, simlar to what you would expect to
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get from a wake encounter

W can go on, if you like, to the -- our
match of this data using our back-drive sinulation

MR, JACKY: \Well, before you do that, | have
a couple nore questions to ask you. Now, in |ooking
t hrough the FDR data, one of the first concerns or
thoughts in ternms of the causation of the upset in the
acci dent was a deployment, or partial deploynent of the
737's engines' thrust reversers.

Is there any indications in these traces in
your belief that would give indication that there was a
thrust reverser deploynment, or a partial thrust
reverser depl oynent?

THE W TNESS: It is difficult to tell exactly
what is going on with the thrust reversers, but we do
have several paraneters that aren't shown on this plot
for the engines. W have -- in addition to NI which

is shown here, engine RPM N2 is also recorded, fuel
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fl ow and tenperatures.

I don't know if that is enough to really tel
whet her that thrust reverser deployed, or not. The
system the thrust reverser system if one engine had
depl oyed, thrust reversers should be pulling one engine
back to idle fairly quickly as soon as it occurs.

As you can see here, if the -- if it -- if
the incident started way back at 132 and a half, and
really I think the -- an upsetting nonent in addition
to that had to occur somewhere at about 137 seconds.

Up to that point, the engines are still pretty
conti nuous.

The NI is fairly -- very solid up to that
point, so it is obvious that at least the initiation of
the event -- well, it couldn't have been associ ated
wth the thrust reverser.

MR, JACKY: The NI traces on that plot, do

they indicate that both engines would be running in
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parallel, that one would not be divergent fromthe
ot her?

THE W TNESS: Right, both NI traces are
fairly solid up to about 138 seconds, and then they
advance slightly and then come back. There is a slight
di fference between engines one and two, but it is only
on the order of less than half a second, and that is
typical of the difference between thrust as the
throttles are brought back. So, yes, it would indicate
that they are operating together.

MR JACKY:  kay. If I could ask for you to
refer to Exhibit Nunber 10(a), pl ease.

(Wtness conplies.)

In particular, page nunber 73.

(Pause.)

| believe there should be a view foil for
t hat .

(Visual aid shown.)
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As a matter of explanation, this is a plot
produced by the NTSB of the FDR data taken from USAir
427 and includes the other engine paraneters that were
not included on the Boeing plot.

The question | have for you is, in |ooking at
those traces do you see any sort of divergence in any
of the other traces -- and before | do that, let ne
explain the traces.

From the top, we have normal or vertica
acceleration; directly below that is |ongitudina
accel eration; below that we have a control colum
position; and next is EGI which is exhaust gas
temperature; and then below that is engine fuel flow
and then we have N2 and N-| which are neasurenents of
engi ne fan speeds; and below that altitude; and,
finally, indicated air speed.

Now, the plot is sonmewhat expanded. It goes

back further in tine than the actual -- the accident --
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start of the accident sequence, but the time of the
acci dent sequence is approximtely 1:32, and the tine
should be simlar as to the plot that we are |ooking at
just before.

So, having said all that, do you see in any
of the EGI, or fuel flow, or any of the engine traces
here that would give you an indication that either of
the engines went divergent from the other?

THE WTNESS: Wll, | -- again, am not an
engi ne expert, but the two engines appear to be working
very closely together in this plot and everything
appears to be happening sinultaneously for both
engi nes.

MR JACKY:  (Ckay, thank you. | amgoing to
ask you to flip back to your previous exhibit, if I
may, please, which is exhibit 13(i), page 6, please.

(Wtness conplies.)

CHAIRVAN HALL:  13(j), or (i)?
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MR JACKY:  13(i).

CHAI RMAN HALL:  13(i)

MR JACKY: Page 6, and there should be a
view foil if I could have it. It was the view foil
that was put up previous to the |ast.

(Discussion off the record.)

| amsorry, | had 13(j) before, | amsorry.

(Visual aid shown.)

I would like to refer you to the |ongitudina
accel eration trace. At the beginning of what we -- or
what you believed to be the tine of the upset, or
the -- of the incident, do you see any indication in
the longitudinal acceleration trace that would |ead you
to indicate that a thrust reverser on this airplane had
depl oyed, or partially deployed?

THE W TNESS: | really have a difficult tine
answering that, because |ongitudinal acceleration is

sonmething that is taken out of -- along the center line
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of the airplane, as opposed to strictly a slow ng down,
or speeding up, and |I am not sure exactly what that
woul d ook like if you were to deploy a thrust
reverser.

MR JACKY: Wuld you expect sone sort of
reaction in the longitudinal acceleration trace?

THE W TNESS: I would think there would be
sone, yes. There should be an increased drag and
therefore a fairly substantial change in that
par anet er.

MR JACKY: How woul d that be represented on
the trace?

THE WTNESS: Wll, again, the overall
accel eration would need to be slowed down, and that
woul d be showi ng up sonmehow in both the nornmal | oad
factor and the |ongitudinal acceleration, but, again, |
don't know exactly how to characterize that, | haven't

tried that on the sinmulator to see what the result

CAPI TAL HI LL REPORTING | NC

(202) 466- 9500

209



10

11

12

13

14

15

16

17

18

210

woul d be.

MR JACKY:  (kay, thank you. Now | would
like to discuss -- as part of the aircraft perfornmance
group's work, there was a -- what we call the back-

drive of the FDR data produced, is that correct?

THE WTNESS: That is correct.

MR JACKY:  (kay, could you briefly -- or,
could you please describe the back-drive process and
what data went into this study?

THE WTNESS: Ckay. To help determ ne the
sequence of events, during the flight of USAir 427 a
simulation of the 737-300 was used to try to recreate
the flight path.

This was acconplished using a mathenati cal
pilot to fly the sinulator over the sane flight path
and attitudes of USAir 427. The mathematical pilot in
this case used aerodynam c coefficients to recreate the

flight path, and results in the match that is shown
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in -- on page 10 of Exhibit 13(j)~?

(Next visual aid shown.)

The dash line in this case is the sinulator
data, the solid line is the flight data recorder
information and the long dashes with several snmall ones
interspersed is the -- sone initially derived data for
air speed and altitude which, again, takes care of the
position errors, or the indicators on the airplane.

The aerodynami c coefficients, the lift, the
drag, the rolling nonent, yawi ng nonent and pitching
nmonents whi ch produced this match are shown in another
chart. It should be page 12 of Exhibit 13(i).

(Pause.)

MR, JACKY: Did you nean page 12 of 13(j)?

THE W TNESS: | believe it was (i) wasn't

Va CE (I'naudi bl e.)

THE WTNESS: Yeah, okay, that's it.
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(Visual aid shown.)

This shows the -- it shows the aerodynam c
coefficients along that that it takes to create the
match that you just saw. The angle of attack and side
slip angles that result are also shown.

You notice that there is a fair anmount of
scatter in sone of these coefficients, particularly in
t he noment coefficients, and this is -- this is caused
by the tight gains that we put into our mathemati cal
pilot to try and match the flight path of the accident
ai rpl ane.

They will not significantly effect the match
W could fare through those and do quite well in
matching that tine history. These coefficients
represent the ampunt of aerodynamic input required to
produce the match, and they could cone from any of
several sources.

They could be fromthe flight controls other
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than the elevator which we do know from the colum and
the flight data recorder, they could be from outside
sources such as the wake of a 727, or any other

at nospheric disturbances, or they mght possibly be
from any structural deformation that mght have been
present on the airplane if sonething actually had
failed.

The first coefficient to nove substantially
is the rolling noment, and we believe that that was
probably caused by the 727 wake. Are we hitting that
with the --

About a second later the yaw ng nonent
changes substantially which, again, nmay be caused by
the 727 wake. Knowi ng that there is a wake in the
area, it is not easy to break out the -- what is wake
and what is flight controls.

So, this -- that part of it could have been

caused by the vertical fin of the airplane inpacting
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t he wake and, of course, the wake -- the radar data
does show that the 737 was in the vicinity of that wake
for about five seconds, and that first oscillation and
roll and yaw |lasts for about that long, five or six
seconds.

The coefficients which persist beyond that
tine are nost likely not caused by the wake, because
the airplane woul d have departed the area where the
wake was likely to have been. That would | eave the
flight controls as potential causes, structura
deformation, or by atnospheric disturbances other than
t he wake.

To better understand the magnitude of these
aerodynam c coefficients which I am sure don't nean too
much to nost of you, we have converted them into
equi val ent wheel and rudder angl es. | believe that is
chart page 12 in 13(i).

(Next visual aid shown.)

CAPI TAL HI LL REPORTING | NC

(202) 466- 9500



N

10

11

12

13

14

15

16

17

18

These data show that once the 737 exited what
we believe was the 727 wake, that a rolling nonent
equi valent to about 50 to 60 of wheel to the right was
being applied to the 737 and that a yaw ng nonent
roughly equivalent to full rudder was being applied in
a direction to roll the aircraft to the left.

Since the aircraft was rolling to the left
during this period of tinme the yaw ng nonent was
clearly the cause of the left roll. That -- what
occurs there is that when the yaw -- yawi ng noment acts
on the airplane it creates a side-slip, and the side-
slip would be to the -- cause the airplane nose to go
[ eft which causes the right wing of the airplane to
sort of lead the airplane, and that causes nore lift on
the right wing than on the left wing and that would
cause a left roll

The source of the yawi ng nonent is not

available fromthe flight data recorder. W have done
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a fair anount of thinking about this, of course, and --
of course -- and the weather in the area was such that
it is not reasonable to believe that any turbul ence was
t he cause of the yaw ng nonent.

W can tell from the nmagnitude, the |arge
magni tude of the yawing nonment, that it would require
t hat any aerodynam c cause woul d have had to have a
| arge nonent arm  That nmeans it would have either had
to been way at the back of the airplane, or out on the
wing tip in order to create a force that would yaw the
ai rpl ane that anount.

That could, of course, be caused by the
rudder itself, or by structural defornation on the
outboard portion of the wing, and originallly we di.d
ook at a large thrust of symetry. These three
scenari os have been | ooked at in sonme detail

The thrust of symretry caused by an

i nadvertent thrust reverser was one thing we |ooked at,
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that the yawi ng nonent was caused by defornation of the
nunber one |eading edge slat is sonmething that we have
| ooked at, and that it was caused by rudder input.

The engines were targeted early in the
i nvestigation because of some of the apparent
structural anomalies which were found in the weckage
whi ch could have indicated a thrust reverser
depl oynent .

However, the engines were pretty thoroughly
instrunented, as we have already discussed, and we
really don't believe that the thrust reversers were a
part of this accident. So, we are basically, | think,
ready to elimnate the thrust reverser as potentially
havi ng caused the accident.

The nunber one slat had al so sone structural
damage in the form of a fractured main track, which
coul d possibly be consistent with a deforned slat in

in-flight. The slat could have been danmaged by a bird
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strike in the air, or it could have been damaged by
contact with the ground.

W are still trying to determ ne what the
deformation of the slat would have been had the danmage
occurred in flight, and once that deformation has been
determned we will try to determ ne the aerodynamc
affects of the configuration.

MR JACKY: Could | interrupt you for just
one second?

THE W TNESS: Sure.

MR JACKY: Wen you are tal king about the
slat, could you please define where on the airplane
that could be found?

THE WTNESS:  (kay, the nunber one |eading
edge slat is the nost outboard slat on the left w ng of
the airplane. The slat -- | don't have a slide, or

anything, but the left -- the slats are the little

airfoil shapes that cone out on the |eading edge of the
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wi ng during take-off and | anding.

They are out -- they generally form a slight
gap with the wing, and it is the nost outboard one of
these that have a main track that was found to be
fractured, and we do know that --

CHAI RVAN HALL: M. Kerrigan, also, for
clarification, when you are saying "we" in these
conclusions, is this your opinion? |Is this what we are
getting?

THE W TNESS: Well, it is, | think, the
opi nion generally of the performance group. Again,
am here nyself. M. Jacky can correct ne if | say
sonet hing he doesn't agree wth.

Again, this fracture on the slat could very
wel | have been caused during the inpact with the
ground, but there was sone speculation that it could
have occurred in flight, although I don't believe there

were any bird remains found. There was a section of
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the slat just ahead of the broken part which | believe
has not been recovered.

Once we have determ ned what the deformation
of that would have been -- and that is not an easy task
because the |oads that would act on that wi ng on the
slat are pretty well known when it is in its nornal
posi tion. Wien it gets out of its normal position, we
don't know what the |oads are.

If it had that failure, it would be -- it is
a fairly difficult task to define what the final
position of that slat would be. W did have an early
cut at a change to the shape and we took that in to the
Uni versity of Washington wind tunnel and tested it, and
that itself did not cause enough of a yaw ng nonent to
be a factor in the accident, but we are still -- that
still is an open itemin our mnds.

The ot her possible cause of the yaw ng nonent

is the rudder.
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MR, JACKY: Wiit, before you go too far on
that, could I ask you a couple of follow up questions
on that, please?

THE W TNESS: Sure.

MR. JACKY: You are describing the |eading
edge slat that may have -- in your mnd have becone
partially deployed, or fractured. If that were the
case, what do you believe would be the result of the --
or, the aerodynamc result of that occurrence?

THE WTNESS: Well, again, we haven't -- we
can't specifically say, until we can define where that
slat would have departed to, if it -- if it had -- if
that main track had become disconnected in flight.

The slat is held on by two nain tracks, one
on -- basically on either end, not out all the way to
the end, but fairly far out on the slat. There are
several auxiliary tracks that position it and an

actuator that holds onto the slat.
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Once you disconnect one of the main tracks,
which is one of the main structural mnenbers that holds
the slat on, the slat tends to -- will twist in sone
way and may well |eave the airplane if it were to get
tw sted too much

As it noves up in the air flow, the air |oads
on it get to be very large and eventually it m ght
depart the airplane. In this case we know that the
slat didn't depart the airplane, but how far up into
the flow the slat goes we can't determ ne and, not
knowing that, it is very difficult to determ ne what
t he aerodynam c effects of that would be.

W woul d expect that if it significantly got
into the flow -- these are fairly big pieces. | would
say 18 inches in cord and probably 10 feet long. If
that gets out in the flow in some unusual attitude, it
could give you a fairly big yaw ng noment.

It quite often gives a -- would give a fairly
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big lift along with it, and drag and rolling nonent,
but until we can define that configuration, we really
can't evaluate it.

MR, JACKY: You said that you perforned these
tests in a wind tunnel at the University of Washington?

THE WTNESS: That's correct.

MR, JACKY: Can you characterize at all the
results of that wi nd tunnel testing?

THE WTNESS: Well, the test that we ran was
on a slat that had only lifted about six inches full
scale, and that resulted in a fairly small yaw ng
nonent and small |ift loss to the slat.

MR JACKY: Just for definition -- excuse
me -- to which direction did the roll and did the
yaw - -

THE WTNESS: The rolling monent, if it would
have been to the left, and the yawi ng nonent also to

the -- pulled the nose to the left, in the right

CAPI TAL HI LL REPORTING | NC

(202) 466- 9500



10
11
12
13
14
15
16
17

18

224

direction to cause an upset.

MR JACKY: Ckay, and if the flight crew were
to try and correct that, how would they go about doing
that, in your estimation?

THE WTNESS: Wll, the -- the proper
novenent if that were to occur would be primarily a
roll upset, perhaps. Again, it depends on whether it
is a roll upset, or a yaw ng noment upset.

But, if it were a roll upset the pilot would
certainly put in wheel in the opposite direction to try
to keep the wings level, and if it is a yaw upset that,
also, would eventually result -- fairly quickly result
in aroll and, again, the comon -- or, the best
approach would be to put wheel in to try to stop that
from occurring, to stop the roll

MR JACKY: Wuld it be correct to say that
that type of wheel and rudder input would be to the

right?
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THE W TNESS: Yes.

MR JACKY: Right. Now, | believe we may
have testinony tonorrow or later on regarding this, but
are you aware of any instance in which a slat of this
type had becone di sconnected froma 737?

THE W TNESS: | don't personally know of any
occasions where this has occurred directly. | have not
worked on any incidents where a slat has cone
di sconnected on one end.

MR JACKY:  Thank you.

THE WTNESS: As we were saying, the third
possi bl e cause of this yawing nonment is the rudder.

The rudder is capable of causing the yaw ng nonent
required to sustain the maneuver. The match that we
showed indicates that.

If the yawng -- if the rudder is the cause
of the nonent, the yawi ng nonent, there is nothing in

the flight data recorder that would tell us whether
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that rudder resulted from an un-command -- or, a
commanded input fromthe pilot, or an un-conmanded
input from the rudder system

MR JACKY:  The maxi num anount of that rudder
i nput woul d be?

THE WTNESS: Qur analysis showed -- and in
that chart you can see that it takes nearly full rudder
to sustain the maneuver and, in fact, we will also be
hearing of a kinematic study that was al so done which
indicates a slightly larger rudder than did the
si mul at or exerci se.

MR JACKY: (Ckay, and on the trace there is
some words that say "projected bl owdown angle.” Could
you pl ease explain that for us?

THE WTNESS: (kay, yeah, the bl ow down angle
on the rudder is determned by the anmount of hydraulic
pressure that is available to the rudder contro

system The 737 has 3,000 pounds per square inch of
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pressure available and it works through a piston which
is -- that provides a certain anmount of force to the
rudder system

The aerodynam cs of the situation are such
that the hinge nonents of the rudder will tend to
produce an aerodynamc force, and the bl ow down angle
is basically the aerodynam cs working against the
hydraul i c forces.

The rudders that are shown here, the rudder
angl es for blowdown, is showing that match in
hydraulic pressure forces with the aerodynam c forces.
It changes as a function of side-slip angle and air
speed. That is why it is noving around as nuch as it

is.

MR JACKY: Can you characterize, please, the

equi val ent wheel position?
THE WTNESS: The equival ent wheel position

as you can see, the initial part of the maneuver, the
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wheel goes actually -- if you ignore the one sharp
spi ke, the wheel goes to about -- is it 50 degrees, or
alittle nore?

The next peak goes up to about 60 degrees of
wheel in the opposite direction, then back down to
m nus 40 degrees of wheel, and that is not inconsistent
with encountering a wake with a wake that would be
equivalent to that kind of a wheel input.

Then, as the wheel -- after the maneuver is
fairly well entered, it goes up to about 60 -- 50 to 60
degrees of wheel. A 737 wheel will go all the way to
107 degrees, and in nost power-on flights it reaches
all of its lateral control capability of about 87
degrees. So, that is about three quarters of the
wheel, three quarters of the lateral control that is
bei ng used there.

Then, later in the naneuver, obviously the

wheel goes very erratic and at that point we are
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getting into sone of the conputational problens that |
al luded to earlier.

MR JACKY: Could the data that is indicated
here, could that be characterized as saying that the
flight path could be produced by actions inside the
cockpit by the pilots?

THE WTNESS: Wll, certainly the -- you
know, if you |ook at everything that is there, the
maneuver could be set up on the airplane by the
controls. | mean, we have shown that in the simulator
The airplanes' control inputs are sufficient to run you
through this kind of a maneuver, that is true. That is
not necessarily, you know, what happened.

W believe the early part of this is wake,
and it is difficult to know what part of that is wake
and which part is flight controls.

MR JACKY: In the back-drive of this data

you came up with an equival ent rudder to conpensate for
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the yaw nmonent coefficient, is that correct?

THE W TNESS: Yes.

MR JACKY: To your know edge, is there any
other system or control surface on the aircraft that
coul d produce the type of yaw that is seen through this
back-drive?

THE WTNESS: Certainly not in its normal
node of operation. The slats and wheel and everything
else don't normally produce nmuch yawi ng noment, and the
only -- the only situation that might is if, again, the
slat or something on the outboard end of the w ng got
up into the flow That is a possibility.

MR JACKY: For the type of yaw ng noment
that is indicated here, do you believe that the yaw
nonent coul d have been conpensated by a wheel in the
opposite direction?

THE WTNESS: The wheel that has been

cal cul ated here shows that it is about three-quarters
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of what is available on the airplane and, again, we
don't know specifically where all these paraneters, or
where all the rolling nmoment and the yawi ng nonent is
comng from

There should have been nore |ateral control
available during the early portions of the encounter.
W have done sone flying of the airplane in the past
where we have flown what we call steady side-slips with
full rudder, and at this flight condition the
capability -- the lateral -- capability of the |ateral
control system on the airplane should be able to just

bal ance full rudder, but it takes nearly full wheel to

do it.

MR, JACKY: Are there any limtations to this
process as far as in the firm-- | guess in the
firmess of the data if we look -- or, if we hold back

the nonents a certain anmount of tinme? Does that effect

the bottom line answer as far as the equivalent control
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surface positions?

THE W TNESS: | am not sure | understand your
questi on.

MR JACKY: Let me approach it this way. The
timng of the FDR data is exact enough that it would
definitively indicate the control surfaces. There is
no gray areas in terns of the air range on the output
of the control surfaces, or the results of the back-
drive?

THE WTNESS: Oh, certainly I don't nmean to
indicate that this is a precise science. The flight
data recorder paraneters that are neasured are neasured
fairly infrequently on the airplane. A heading, for
exanple, is only recorded once every second.

In trying to back-drive through this kind of

a time history, there certainly are -- you know, there
is roomfor some error. | think in testinony tonorrow
you will hear fromour -- of a kinematic study that was
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al so done, and it does show slightly different results
t han what we see here. So, yeah, there is -- you
certainly can't call this a precise science. There

is -- there are a lot of unknowns in this scenario.

MR JACKY: Wiat would help you define the
nodel to a better degree? Do you feel there is nore --
if nmore effort was put into this effort, or the back-
drive that you could further refine the data?

THE WTNESS: Well, we are still pursuing it
vi gorously. W have -- we are working in a background
node in the sinulator at this point in time. W are
trying to work with the nodel of the wake to get a
better feel of what portion of this mght have been
caused by the wake, as opposed to by control inputs.

W are working with the simulator match that
we have, which is, you know, a fairly good match of the
flight data recorder, trying to figure out what the

autopil ot woul d have done, because we believe the
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autopil ot was connected early on in the flight, and
al so whether the auto-throttles could have caused the
throttle novenent that we are seeing here, or whether
that is a manual input.

So, We are trying -- we are still working
very hard on trying to cone up with a better story as
to what is occurring, what is causing the various
paraneters that we see.

(Pause.)

MR, JACKY: I have no further questions at
this tinme.

CHAI RVAN HALL: Are you going to discuss
flight data recorders, or are we going to get into
that, at all?

MR, JACKY: W are hoping to save that for
M. Kerrigan the next time that he -- when he is re-
called for his testinony.

CHAI RVAN HALL:  But, we will get into that
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the next tine he is up here, the expanded paraneters
and what it wuld --

MR JACKY: Yes, sir, definitely.

CHAI RVAN HALL: Al right, which of the
parties have questions? |If you would, signify by
rai sing your hand.

(Show of hands.)

| see three, and | will start with M. Donner
W th the Federal Aviation Adm nistration

MR DONNER  Thank you, sir. M. Kerrigan,
just one small question, probably a nit-picking detail
but earlier in your testinmony you nentioned that as the
airplane entered the naneuver, the departure from
control flight, that the flight data recorder indicated
that the control colum was pul | ed back

Does the flight data recorder indicate
pressures on the control colum, or merely position of

the control colum?
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THE W TNESS: It -- just strictly the
position, that is correct.

VR. DONNER: Ckay, thank you. That is all |
have, sir.

CHAI RVAN HALL:  Thank you, M. Donner.
Captain LeGow with the Airline Pilots Association?

MR. LEGRON  Thank you, M. Chairman. Good
afternoon, M. Kerrigan. | have just a couple of
questi ons. First of all, the -- this graph here, this
Exhibit 13(i), page 12, the equival ent wheel position
that is plotted here, is this a derived value, or is
this a --

THE WTNESS: No, it is a derived value. The
wheel position and the lateral control system is not
recorded on the flight data recorder.

MR LEGROWN So, is it a precise indication
of the wheel position?

THE W TNESS: No, not at all. It is an
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estimate based on the sinulator match that we managed
to put together.

MR LEGRON  Therefore, it is possible that
full deflection of the wheel was used?

THE WTNESS: That is possible. I don't know
that we can determne precisely whether that was the
case, or not.

MR LEGRON On the wake vortex video that
you showed us early in your presentation, | believe
that you testified in a question from M. Jacky that
the performance group did not participate in the making
of that video, is that correct?

THE WTNESS: That is correct.

MR. LEGRON Did the performance group -- was
the performance group involved in assenbling the data?
Did they all agree on the data that was used for the
assenbl ance of that video?

THE W TNESS: VWell, the wake that was used
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and the data that was used to set up the 737 was all
part -- it was the same as what we had used in the
per f or mance group.

MR LEGRON | amreferring to the specific
data that was used for that particular video.

THE WTNESS: No, the video --

MR LEGRON Was that -- | am sorry.

THE WTNESS: The video was not done. [t was
out -- the NTSB requested that we put together a video
of a wake encounter and we did so, but we did not use
any -- the performance group did not specifically
participate in that.

MR. LEGRON  Thank you, M. Chairman. | have
no further questions.

CHAI RVMAN HALL:  Thank you, Captain. M.

MG ew with Boeing?
MR, MCGREW M. Kerrigan -- are we on?

CHAI RVAN HALL: I's Boeing' s mcrophone on,
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pl ease?

MR MCGREW  Yes, we have it. M. Kerrigan,
I wonder if we mght go into a little nore detail on
the simulator and how it is used in the design process
and the accident investigation process.

Wul d you spend a mnute on the paraneter
changes that are capable beyond just the data set?

THE WTNESS: The simulator is, again,
devel oped very early in the process.

CHAI RVAN HALL: And if you could give us in
that how many hours it takes to recreate one of these.

THE W TNESS: To recreate --

CHAI RVAN  HALL: Basically, generally, you
know, what -- 1 assume you don't do it alone, right?

THE W TNESS: That is correct. | have,

i ncluding nyself, seven people in ny group in Stability

and Control, and since the accident we basically have

been working, all seven of us, 100 percent plus

CAPI TAL HI LL REPORTING | NC

(202) 466- 9500

239



10

11

12

13

14

15

16

17

18

overtine on this exercise, so we have somewhere around
6, 000 hours just in ny group pursuing this accident
i nvesti gati on.

As far as the sinulator is concerned, in the
devel opnent, once it is developed, before -- it is
devel oped before the airplane ever flies. It would be
based on wi nd tunnel data, and in the case of the 737-
300, based on our 737-200 experience in simulator
devel opnent .

It is used for the certification to sone
extent and used by Boeing pilots in the design of the
ai rpl ane. It is used to ferret out any problens that
m ght exist in the flight control systens.

In the accident investigation, the sinulator
is used -- the piloted simulation is used prinmarily
when we want to bring a Boeing pilot, or a USAir pilot,
or anybody else in to evaluate any paraneters that

occur in flight. W can try to recreate with the pilot
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in the |oop the accident scenario.

It is often difficult to do because of the
many variables that are involved in an accident. W
also use it in a background sense that we can with a
math pilot drive the simulator through any nunber of
runs to try to recreate what we see in a flight data
recorder.

W can nake, then, snall variations on top of
that to try to determne exactly what mght have caused
the upset, or accident that we are investigating.

MR MCGREW  Thank you, M. Kerrigan. Wuld
it also be correct to say that since this is a notion-
based simulator that the occupants feel the notion
actually as though they were in a real, noving
aircraft?

THE WTNESS: Wll, the simulator is
definitely notion-based and it -- like all sinulators,

it has a fairly limted notion system but there is an
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i ndi cation of bank angle and heading and pitch, heave.

You can feel the load factor when it occurs. [f it
a small step, it can't sustain |load factor for any
length of tine.

MR MCGREW  Thank you, M. Kerrigan. W
have no further questions, M. Chairnan.

CHAI RVAN HALL:  Thank you very much. M.
Mar x?

(No response.)

No questions. M. dark?

MR. CLARK: M. Kerrigan, referring to
Exhibit 3(i), page 12 that is up there now, can you
poi nt out --

CHAI RMAN HALL: What is the exhibit?

MR CLARK: | said 3, | nmeant 13.

CHAI RVAN HALL: 3 -- 13(i).

MR CLARK: | am sorry. Page 12. Can you

poi nt out on that graph where the match of the wake
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vortex nodeling ends?

THE WTNESS: Were the match of the --

MR CLARK:  You indicated that for the
initial portion you felt that you could be nodeling the
wake vortex encounter, and then at some point indicated
that you were no |onger nodeling that.

Can you point out on that chart at what
point, or length of tine at the bottom where you think
the transition may have occurred?

THE WTNESS:  Ckay. Let's see if this is
wor Ki ng. Qur feeling is that the wake vortex is
significant in this loop here. It is difficult to tell
exactly where the wake vortex woul d be stopping and a
control input, or sonme other input wuld take over

| think in everything that we have seen in
the sinmulator in the mddle of this wake vortex
encounter it would -- the control input would have to

come in right in the mddle of the encounter.
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If you ook at the yawi ng nonment, which is
the |lower part of the chart, there is a fairly sharp
bunp right there (indicating) which | would

characterize as the vertical tail getting into the

wake.

There is also, then, a fairly steep rise in
this region (indicating). It is difficult to know
exactly where -- what is wake and what woul d be

what ever else is upsetting the airplane. The wake
could be causing part of that, as well.

But, there is, you know -- the anount of tinme
that we are in the vicinity of the wake is on the order
of five, or six seconds. So, it would be fromthe
initiation of the -- that rolling nmoment to five, or
Si X seconds |ater.

MR CLARK:  Would that be in the 138-second
to 140-second time range?

THE W TNESS: Yes, that |ooks to be about
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right.

MR, CLARK:  Wuld you describe the equival ent
rudder notion that produced the best match of the FDR
data? Gve us a brief description of the events going
on.

THE WTNESS: Wll, | guess the -- again, not
knowi ng exactly what is causing the novenent, whether
it is rudder, or sone other structural deformation, the
rate of the change there is on the order of about five
degrees a second.

Again, there is a lot of smaller notions
superinposed on top of it, but in ternms of equivalent
rudder, it is on the order of four to six degrees per
second of rate, rudder rate, equivalent rudder rate
that would be involved and, again, it goes to very near
full -- equivalent to full rudder deflection

MR CLARK: Basically, if we had a rudder

noving at about five degrees per second, we could
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expect a reasonable match of the headi ng data?

THE WTNESS: That is correct, assum ng,
again, that the lateral input is equivalent to what we
have shown.

MR CLARK: In your nodeling up there, how
long did that rudder deflection, or the equival ent
rudder deflection remain in place?

THE W TNESS: In this case with the
simulator, it is fairly difficult to tell. It -- if
you |l ook late in the maneuver it appears that the
rudder goes well beyond its bear-down capability.
However, when we get to the kinematic solution to the
flight data recorder, that trace cones down

consi der abl y.

The sinulator -- 1 should have mentioned
this -- the sinulator in the high side-slip angle, high
angle of attack area, is -- has not ever been tested in

flight, nor did we have any appreciable anount of data
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in that area

Wien we went to the University of Wshington
wind tunnel we did sone additional testing which
attained data in that high angle of attack, high side-
slip angle data area, and we read the -- are revising
our sinulator to include that data set.

Now, that doesn't happen until -- the high
side-slip doesn't happen until the rudder gets fully
in, and the high angle of attack doesn't occur unti
the colum is nearly fully in, and the stick shaker
goes off somewhere in the mddle of that exercise.

MR CLARK: Wuld you be fairly confortable
with your data up to the time of about 148 seconds?
That seens to where we are at, the blowdown [imt. Is
that where you would start questioning the fidelity of
t he sinul ator?

THE W TNESS: Ri ght. I think -- | don't

remenber the tine in which the stick shaker went off.
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Yeah, actually the stick shaker went off, | think, at
145 seconds, so we are starting to get into the high
angle of attack area there that -- where the data wl
have sone -- loses sone of its validity until we

i mpl ement our additional data.

Again, the kinematic study that we will see
tonorrow is not dependent on the database of the
sinmulator, so that will be nore to the point.

CHAI RVAN HALL:  Well, the question, |
believe, is how long did the rudder deflection renain
in place, and you are saying -- can you either answer
that, or not answer that? That is what | am --

THE W TNESS: Vell, | think we can answer
that. Again, the kinematic study will show that
rudder -- probably, if it was rudder -- remained in
place until -- alnmost until inpact.

CHAIRMAN HALL:  (kay, and how I ong was that,

roughl y?
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THE W TNESS: | npact was 160 seconds.

CHAI RVAN HALL: kay.

THE WTNESS: Yes, so it started at 140, or
t hereabouts, about 20 seconds.

MR CLARK: So, the simulation to this point,
what ever started causing this, whether it were rudder,
or pilot input, or some external factor, or slats,
essentially lasted the duration of the upset?

THE WTNESS: That is correct.

MR, CLARK: For what you sinulated so far?

THE WTNESS: Yes, that is correct.

MR, CLARK: In the nodelling that you have
conpleted, did you get any natch of the heading data
wth the vortex encounter?

THE WTNESS: The vortex encounter data that
we have run so far really hasn't had any -- there
haven't been many results that we feel are very final.

| certainly don't have anything with ne that would

CAPI TAL H LL REPORTI NG | NC.

(202) 466- 9500



10

11

12

13

14

15

16

17

18

250

support that.

I think that if the rudder -- if the fin
actually gets into the wake, | think there is a
possibility that that sharp break in yaw ng nonment
could be caused by that inpact with the vertical.

The sharp in this particular plot when you
| ook at the sharp equivalent rudder input that occurs
early, that appears to be very necessary to the head --
rate of change of heading that occurred on the
ai rpl ane.

You see the heading make a very rapid
novenent, and that sudden sharp little input to the
rudder is what causes that to occur and, yes, that may
very well be a function of the wake.

MR CLARK: Have you found any other failure
nodes that could produce a match of the heading data?

THE WTNESS:  Structural failure nodes of

ot her systens than the rudder?
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MR CLARK: Systens, or structure.

THE WTNESS: Well, again, we haven't found
anything at this point that would cause that directly.
The only itemthat | think is still open at all is the
| eadi ng edge sl at.

MR CLARK: (kay. You indicated with the
| eading edge slat that there is not enough data
available as of yet to conpletely rule that out, enough
aerodynam ¢ data to show that you can, or cannot get a
mat ch of the FDR dat a.

THE WTNESS: That is correct. W haven't
| ooked at that in the wind tunnel at this point.

MR CLARK:  Wuld it be reasonable to assume
a worst case condition and put the slat in the worst
possi bl e condition and test that in the wi nd tunnel and
then see if that is possible?

THE WTNESS: Well, the slat, as | nmentioned,

is a fairly large piece of metal, and if you put it in
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its absolute worst position and nade it like a big door
out in front of the wing it would cause sone pretty
| arge yawi ng nonents, | think yawi ng nonents big enough
to cause this

It may have -- may well have other
characteristics like a lift loss and increased drag
which would not fit, but that -- there is sone w nd
tunnel data available on other configurations that nade
us interested in this to begin with that showed fairly
| arge nmonments, but we need a pretty specific set of
data. W need a yawi ng nonent w thout too nmuch rolling
monent, et cetera.

MR CLARK If you had a slat in that
position creating those |arge nonments, or large lift
| osses, would you describe the forces that would be on
the slat, the structural forces that it would have to
W t hst and?

THE W TNESS: The structural forces that it
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could withstand?

MR CLARK: That it would have to to produce
those | arge yaw ng nonents.

THE WTNESS: Wll, obviously the -- as it
gets out in front of the wwing it will undergo some
fairly large -- large forces, and from a structural
st andpoi nt, you know, our structures people have |ooked
at it and they agree that at sonme point it is going to
| eave the airplane.

But, the actual loads that exist with the
slat extended in sone odd position are really not
known. It is not sonmething we have tested, obviously.
There are safeguards on the airplane that prevent the
slat fromgetting into sonme of those positions.

MR CLARK:  But, if we were to estinmate those
loads that it would take for the slat to |eave the
airplane, those would be the maxi mum | oads that could

effect the yaw ng nonent. Is that a fair statenent?
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THE WTNESS: That is possible, yeah.

MR CLARK: Earlier you were tal king about
background simulation. Wuld you define what that is?

THE WTNESS: \Well, basically, when we run a
simulation we could either have it -- what we cal
foreground that would be with a pilot in the |oop. W
woul d have a cab and actually fly pilots through some
maneuver .

Background, we could just sit down at a
conputer console and input any kind of a pilot -- any
kind of an input that a pilot can nake, we can make
mat hematically. So, we refer to that as a background
si nul ation.

MR CLARK: Wuld those sinulations be nore
repeatable than a pilot in the |oop?

THE WTNESS: Yes. (Qoviously when you put a
pilot in the |loop you never know what he is going to

do, precisely, and he won't do it the sanme tw ce. He
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is going to react to whatever upsets the airplane.

In background we can fly into the sane wake,
or the sane set of circunstances a nunber of tines
maki ng slight variations and do a better evaluation in
that manner.

MR CLARK: At the start of the hearing we
heard M. Haueter describe a -- that there had been
over 200 sinulator runs. Wre those background, or
f oreground?

THE WTNESS: No, that would be sinply the
foreground runs with pilots in the |loop. W probably
have run maybe ten tines that many in background.

MR CLARK:  2,0007?

THE W TNESS: Per haps. I haven't tried to
keep track of them

MR CLARK:  Wen you have nade those |arge
nunber of background runs, have you explored -- how

much have you explored in the area of inpingenent
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angle, or encounter angles, both laterally and
vertically?

THE W TNESS: Wth the wake?

MR CLARK Yes.

THE WTNESS: That has occurred to sone
extent and, again, it is not a study that we are -- we
have conpleted. We have done sone work al ong those
lines and have re -- you know, have gotten sone fairly
good results with getting the roll to match fairly well
with the flight data recorder.

Again, in the mddle of that encounter you do
have to put in an equival ent rudder yaw ng nonment to
sustai n the nmaneuver beyond the first few seconds.

MR, CLARK:  (xay. Has Boei ng conducted any
flight tests related to a yaw danper, or rudder
(i naudi bl e)?

THE WTNESS: W have not done any real

formal testing. W have done a test where we have
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flown the airplane up to sone fairly |arge bank angles
and basically put in sone rudder in a flight condition
where we had about 45 degrees of bank, and put in
rudder in addition to that. The airplane rolled over
to sonmething a little beyond 90 degrees of bank and
then quickly recovered back to wings level flight.

MR CLARK: How many of those tests have you
done?

THE W TNESS: Basically, | think on two
different occasions it has been -- been tried on --
in -- several tines. In each case, the maneuver was
conduct ed.

MR CLARK: Did you record any data on those?

THE WTNESS: There is sone data avail abl e,
yes.

MR CLARK From where? From what source?

THE WTNESS: Just fromthe flight data

recor der W have not done this on any instrunented
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ai rpl anes.

MR CLARK: How many paraneters are on those
flight data recorders?

THE W TNESS: | don't know precisely, but it
was -- you know, it is a recent delivered -- recently
delivered airplane, so it has got at |east the m ninmm
required by the FM So, it is probably a -- | think
the current -- it is on the order of 60 parameters.

MR CLARK: Has any of that data matched the
data that we see from the Pittsburgh accident?

THE WTNESS: Wll, again, this was a very
controlled flight test. The angle of attack was held
very constant. | nean, it wasn't -- there was no
attenpt to pull the nose up to try and natch to get
stick shaker and what not. So, there is really -- it
is really not conparable with the flight data recorder
fromUSAIr.

(Pause.)
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MR, CLARK: If you would refer to Exhibit
13(j), page 8, please?

(Wtness conplies.)

THE W TNESS: Ckay.

MR CLARK Let's see.

(Visual aid shown.)

On this chart there is a tag, "define
predicted stall warning." Wuld you describe the
source of that information?

THE WTNESS: Well, this, again, is a chart
that comes from a kinematically produced data set which
will be addressed fully tonorrow, but the predicted
| eadi ng edge slat, or |eading edge auto slat extension
and the predicted stall warning cone from that
ki nematically derived data set.

MR, CLARK: Does that agree with the point we
correlate the stick shaker --

THE W TNESS: From t he CVR?
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MR CLARK: -- fromthe CVR to our FDR data?

THE W TNESS: It is within a half a second,
or so, | believe.

MR CLARK:  Un-hum  Have you anal yzed the
data for the controllability in the area that the stick
shaker sounded, or the stall warning? Those are one in
t he same, | assune.

THE WTNESS: Wll, during sone of the
simulator testing that was done with pilots in the
loop, full rudder was put into the simulator and the
anmount of control wheel required to maintain w ngs
level flight was eval uated.

Basically, when the airplane is slowed down
significantly and approaching stick shaker, the rudder
is able to overpower the lateral control systemin the
ai rpl ane. If the speed is nmade -- is high relative to
normal -- or, normal or higher, then lateral control is

able to overpower the rudder.
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This is, | think, fairly typical of all
aircraft in that the lateral control comes from devices
on the wing, ailerons and spoilers, and as the airplane
gets to higher and higher angles of attack, especially
in the stall region, those devices becone pretty
ineffective because the wing in the area of the device
is already stall ed.

So, the lateral control capability of the
airplane deteriorates very much as you get up close to
stall angles of attack, whereas the rudder is affected
somewhat, but not nearly as much.

MR CLARK: It is not unusual to |ose rol
control in a stall condition?

THE W TNESS: Correct.

MR, CLARK: In a swept wing airplane.

THE W TNESS: Ri ght.

MR CLARK:  Then, if you would |ook at the

dotted line -- or, the dashed line that runs through
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the roll angle data, if you nove up the line about a
third of the way up the graph it appears that the rol
angle quit changing for a small period of tinme at about
the tine the stick shaker activated, right in that area
(indicating), and then the roll took off.

Is that consistent with a high angle of
attack, flow separation, loss of roll control?

THE W TNESS: I would guess that that is
probably what happened there.

MR CLARK: If we were to go back on this
chart and from the nodelling you have done -- | assume
the timng is consistent throughout your charts and
graphs. The time you described as being out of the
effect of the wake is between 138 and 140 seconds?

THE W TNESS: R ght, vyes.

MR CLARK: Earlier, and then we see a marked
increase in roll rate at about 145 seconds. That gives

us roughly a five, or six second tine frane that --
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from being out of the wake until we have a change in
the state of control?

THE W TNESS: Yes.

(Pause.)

MR, CLARK: Earlier, M. Jacky asked you
about the effects of a thrust reverser deploynent, and
are you famliar with the data, the circunstances of
the 767 thrust reverser deployment with the Louda (sic)
ai rpl ane?

THE WTNESS: To a limted extent.

MR CLARK: Are you famliar with the various
signatures that were present on |ongitudina
accel eration, vertical?

THE W TNESS: No, not --

MR CLARK: Al right, let me back up there,
that's not fair. There were no -- the flight data
recorder was destroyed on that. In the sinulations

that went with that investigation, are you famliar
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wth the data from those?

THE WTNESS: No, | have not been involved in
that directly.

MR CLARK: Alittle bit earlier we talked
about two -- well, | don't want to mischaracterize the
word you used. I think it was sonething on the order
of informal flight tests, the two flight tests, or

flight denonstrations of |arge bank angles and rudder

input. \Wose airplanes were those?
THE W TNESS: | don't remenber the specific
airline, but it was -- it was done on a B-1 -- a Boeing

flight test, pre-delivery to a custoner.

MR CLARK:  Ckay. | have no further
questi ons.

CHAI RVAN HALL:  You nentioned that testing is
conti nui ng?

THE WTNESS: Wll, certainly on the

simulator we are continuing to do a |lot of background
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work to try and further inprove the match and determ ne
what characteristics the autopilot and what not would
have had.

CHAI RVAN HALL: Well, you had mentioned there
were sone specific things you all were trying to do.
What time line do you think it will take you to
acconpl i sh those things, generally?

THE WTNESS: W are, | think, to the point
where we will within the next couple of nonths have
many of those things pulled together much nore so than
we do right now.

CHAI RVAN HALL:  Ckay, thank you. M.

Schl eede?

MR SCHLEEDE: Thank you, M. Chairman. |
woul d like to ask one nore question in the area of the
t hrust reverser. | want to make sure | understand.

From your expertise in aerodynam cs and

flight dynamics, do the data that we have, the
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aeronautical data that we have, support, or refute a
thrust reverser deploynent on the left side?

THE W TNESS: It is difficult to really pin
that down, | think. The aerodynamcs -- one thing that
is mssing in the signature of the load factor is
buffet.

| understand from | ooking at past data that
we have seen on test airplanes that the |oad factor
when a thrust reverser is extended has a |ot of buffet
associated with it, and we don't see that signature in
here.

Aerodynam cal ly what we get out of that is a
very large yawing nonent. That is what we would
expect. W are not in particularly high speed flight
here, we are not at high nock nunbers.

W are at fairly |l ow speed, so the
characteristic is not nearly as dramatic as it was in

the case of the 767 where he was at crui se when that
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occurred, | wunderstand. So, you wouldn't expect to see
as violent an upset as they mght have experienced.

MR SCHLEEDE: Ckay, well, 1 just want to go
back, because | know the Chairman asked you at one
poi nt when you said -- you used the phrase "we have
elimnated" the thrust reverser, and he had you clarify
that, who the we was, whether that was you, or Boeing,
or the aircraft performance crew

THE W TNESS: Well, 1 think overall, you
know, it has been a collection of information that has
led us to not believe that the thrust reverser is
involved, and | guess the "we" is maybe Boeing, but |
think the performance group also believes that. W
haven't spent a lot of time on that.

MR SCHLEEDE: | just want to narrow that
down to your particular area of expertise in what we
have called you here for. Do you see data that lets

you refute it, or is it inconclusive fromyour --
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THE W TNESS: Wll, again, | think froma
| oad factor standpoint | don't believe that the thrust
reverser was involved.

MR,  SCHLEEDE: Ckay, thank you. One ot her
area, and | know we are going to see you again during
the hearing, so maybe | wll have to cone back to it,
but understanding these docunents |ike 13(i), we have
been referring to several charts and graphs.

I want to talk particularly about what you
said the equival ent rudder angle and equivalent rate of
rudder travel that would be derived fromthis chart.
think I wote down that you thought it was five --
averaged five degrees per second?

THE WTNESS:  Approxi mately. It is noving
around a fair amount. W had a |l ot of noise.

MR SCHLEEDE: A lot of noise?

THE WTNESS: Wll, a lot of conputationa

t hi ngs. It is not a nice, snooth trace that you can
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put a straight edge on, and if you have ten people do
it you will get ten slightly different answers, | am
sure.

MR,  SCHLEEDE: Vell, that is kind of what |
was driving at. Wat kind of confidence |evel can we
put in looking at a chart like this? How confident can
we be that we are within sone reasonable tol erance of,
you know, five --

1 have heard three and a half degrees per
second maybe two weeks ago, and | have heard two and a
hal f degrees per second, depending on where | |ook at
it. Here, | can get it down to two degrees per second.

THE W TNESS: Yes, it is difficult to pin
down exactly and, again, we don't know for certain what
is comng fromrudder and what would be comng from
wake, so it is very difficult to pin down a rate
specifically out of that data.

MR. SCHLEEDE: Is one of the values -- |
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think you nentioned this, that the critical value that
we do have available here is heading? The sanple, once
per second?

THE WTNESS: That is correct.

MR SCHLEEDE: Is that a major player in
driving these?

THE WTNESS: Yes, it certainly is the major
i ndi cati on of yawing nonment on the airplane. The yaw
acceleration would be derived from heading rate.

MR SCHLEEDE: Since it is sanple once per
second, is there a possibility that we are m ssing sone
step inputs, some instantaneous inputs here, or are
we --

THE W TNESS: Vell --

MR SCHLEEDE: -- snoothing this too nuch?

THE W TNESS: I think if you get a step input
you see a very rapid change in heading, and you would

pick it up even in one second, particularly if it went
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in and stayed in. You would pick that up pretty
qui ckly.

Again, we don't know exactly what the wake is
doing to this thing, if the vertical tail is getting
into the wake just one time, or if it is passing
t hrough the wake twice. That is sonething that we
woul d hope to be able to narrow down a little bit in
our further studies, but at this point | really can't
say precisely what the situation is.

MR SCHLEEDE: I don't know if you covered
this, or if it is going to be in your next phase of
testinmony; rate of rudder trim what is its -- has it
been considered as one of the possible inputs to this?

THE WTNESS: W evaluated that early on in
the -- in the sinulator, and |I think we wll probably
talk about it tonorrow, but the rudder rate is -- trim
rate is about a half a degree per second on the

ai rpl ane. It would take a substantial amount of tine

CAPI TAL HI LL REPORTING | NC

(202) 466- 9500



10

11

12

13

14

15

16

17

18

272

for that to drive the rudder over to its 14-degree
limt.

MR SCHLEEDE: Ckay, thank you very nuch, M.
Kerri gan.

CHAI RMVAN HALL: M. Laynor?

MR LAYNOR  Just a couple, M. Kerrigan.
Early on in your answers to M. Jacky you described the
distributed lift nmodelling that he used and, as |
understood it, that was used to sinulate the effects of
a wake vortex, or a vortex on the body of the aircraft.

THE WTNESS: Yes, it was designed so that we
could evaluate the effects of the wake, or -- even if
it only hit a small portion of the w ng.

MR, LAYNOR I was wondering if any
consideration was given to the difference in the
pressure distribution over the fuselage for different
angul ar increase?

THE WTNESS: No, at this point the nodel
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that we put together did not include any body effects.

MR LAYNOR Do you think that they m ght be
significant?

THE W TNESS: | don't believe that they would
be of the sanme order of magnitude as the -- either the
wing, or the vertical tail. So, | would think they
woul d not be -- they would be a second order affect.

MR LAYNOR I kind of would like to sonetinme
later in the investigation pursue that a little
further, perhaps. M. dark asked you what range of
i mpi ngenment or entries were examned, and | don't know
whet her you answered that with any indication --

THE WTNESS: Yeah, | didn't necessarily
answer it specifically. W did ook at various
penetrations, but it was generally in conjunction wth
piloted sinulations, so we may have set himup wth
a -- like a 20-degree intercept angle, but then had him

roll out onto the heading of the wake as he approached
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it. So, | don't have a specific paraneter set that |
can refer to.

I think we felt that the primary upset was
|ateral and that we were going to maximze that if he
approached it alnost tangentially, and that is pretty
much what the radar data was indicating, so that was
the primary thrust of things.

MR LAYNOR  Wll, | think we both recognize
that radar data |eaves sone tolerances, and | believe
we could perhaps go further than that. I think you
m ght have mentioned this already, but in the autopil ot
encounters, was the autopilot programmed to logically
be following a course intersect as the accident
ai rpl ane was?

THE W TNESS: For the video that we showed
where we were |ooking at the autopilot only acting in
that case, the autopilot was about to roll the airplane

out onto the heading of the wake as it inpacted the
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wake.

MR LAYNOR So, vyou believe we reproduced a
case where an aircraft on autopilot enters a vortex
encounter with the autopilot attenpting to roll it out,
or if the vortex results in an overshoot of the course,
bring it back?

THE WTNESS: That was the case that we
sinul ated, yes. Again, that wasn't part of any
paranetric study that we were doing. It was nerely
trying to get a representative encounter

MR LAYNOR How nuch engineering data were
recorded during those 200 -- or, 2,000 autopilot runs?

THE WTNESS: Wll, we have -- it can vary
from case to case, but we typically would have perhaps
a hundred paraneters recorded during the simulator
runs, on that order. W can actually, you know, record
many nore than that, but that -- those are the ones

that are typically of interest.
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MR, LAYNOR Have they been examined to the
extent necessary to determ ne which ones nost closely
represent the first four or five seconds of this
encount er?

THE WTNESS: Again, we haven't
paranetrically studied the wake encounters to that
extent. W are in the process of doing that and we
will, but right now we haven't -- just -- we are not
there yet.

MR LAYNOR  (xay, one final question, and
you mght get to this tonorrow, but in a wake vortex
encounter what effect would you -- how active do you
think the yaw danper would be?

THE W TNESS: | amsorry, | didn't hear the

| ast part.

MR, LAYNOR | am wondering how you think the

yaw danper on the aircraft would react during a wake

vortex encounter.
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THE WTNESS: Wll, again, the -- it depends
on the encounter. If the airplane sinply is roll
upset, then the yaw danper would not probably have a
l arge input. If it -- if the vertical tail inpinges
into the wake and it gives you a fairly large and
significant yaw upset, then | would say the yaw danper
mght well go to its authority limt and it -- you
know, it can be anywhere in between those two.

If they airplane is rolled significantly and
then as it kicks out it has a fairly rapid rate of
change of yaw heading, the yaw danper would certainly
be trying to encounter that initially.

MR LAYNOR  Ckay. Al right, thank you, M.
Kerri gan.

CHAI RVAN HALL: M. Kerrigan, first let ne
say | think you have been up here for about two hours
and 15 mnutes, if the Chairman's watch is correct, and

we appreciate the tinme that you have spent and | ook
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forward to your return.

I will just try to ask you when we get back
in-- when you do return and we talk about kinetic
nodelling -- is that correct?

THE WTNESS: Actually --

CHAI RVAN HALL: Ki nemati c.

THE WTNESS. Yeah, M. Dellicker will be
di scussing the kinematic --

CHAl RVAN HALL: kay, well, he will give us a
description of that. | woul d appreciate it. | assune
you are saying -- it is ny understanding that what we
are seeing on these charts and graphs could have
basically nmost |ikely happened from sone type of rudder
input, or maybe sone structural deformation of the
wng -- of the slat, maybe?

THE WTNESS: That is correct.

CHAI RVAN HALL: And that the rudder noved and

we are not sure whether it was a commanded or an un-
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commanded i nput ?

THE WTNESS: That is correct.

CHAI RVAN HALL: Because we don't have
information on the flight data recorder that would
reflect that?

THE WTNESS: That is correct.

CHAI RVAN HALL: And you are going to come
back, or sonmeone is going to cone back and we are going
to talk about the flight data recorders that are
currently available on these aircraft and what mght be
avai | abl e?

THE W TNESS: Ri ght.

CHAI RVAN HALL: Al right. Wll, thank you
very, very nuch. You have been very hel pful and very
patient, and | thank you and al so thank the six, or
seven people you have identified that you worked with
t hat have assisted us, and we appreciate your continued

assistance in the work that you are going to continue
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to do in this effort in the next couple of nonths.

(Wtness excused.)

W are going to go on to call one nore
W t ness today. However, before we do that we wll take
a 20 mnute break and we wi Il reconvene here at 5:50,
or ten of 6:Q0. Of the record.

(Whereupon, a brief recess was taken.)

CHAI RVAN HALL: On the record. W wll
reconvene this proceeding. I have an announcenent that
| would like to nake for the benefit of those -- the
parties and the individuals who are interested in
follow ng these proceedings.

The second day of this hearing will begin in
this roomtonorrow norning pronptly at 8:30 a.m, 8:30
a.m A nunber of people have inquired as to the tine
that this proceeding will begin tonorrow. This
proceeding will begin tonorrow at 8:30 a.m So, if you

woul d pl ease assist nme in being sure that everyone gets
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that information that would be greatly appreciated.

The next witness that we will call for this
hearing is M. Brian Johnson. He is a Boeing 737
structure specialist with the Boeing Conmercia
Airplane Goup in Seattle, Washington. If M. Johnson
could come forward, please?

(Wtness conplies.)

M. Schleede, if you could begin the
questi oni ng?

(Wtness testinony continues on next page.)
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BRI AN JOHNSQN, BOEING 737 STRUCTURE SPECI ALI ST, BOCElI NG
COWERCI AL Al RPLANE GROUP, SEATTLE, WASH NGION
Wher eupon,
BRI AN JOHNSON
was called as a witness by and on behalf of NTSB, and,
after having been duly sworn, was exam ned and

testified on his oath as foll ows:
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MR, SCHLEEDE: M. Johnson, could | have your
full name and business address for our record, please?

THE WTNESS: M nane is Brian E. Johnson.
Busi ness address, Boeing Commercial Airplane G oup,

P.O Box 3707, Seattle, Wshington 98124,

MR SCHLEEDE: In what position are you
enpl oyed at Boei ng?

THE W TNESS: Lead structural engineer.

MR SCHLEEDE: How | ong have you worked for
Boei ng?

THE W TNESS: | have been enpl oyed in that
capacity as structural engineer for 11 years. For the
[ ast nine years | have worked on this nodel, 737.

MR SCHLEEDE: Gve us a brief description of
your education and background that qualifies you for
your present job.

THE W TNESS: I have a degree in engineering

with major and structural engineering from the
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Uni versity of Washington. As | stated, | have got 11
years practical experience on air frame structural
anal ysi s.

I am al so an FM desi gnat ed engi neering rep,
nore comonly referred to as DER, and | am a |icensed
prof essional engineer in the State of WAshi ngton

MR SCHLEEDE: Thank you. Ms. Keegan wil |
pr oceed.

MS. KEEGAN: Good afternoon, M. Johnson

THE WTNESS: M. Keegan.

MS. KEEGAN:  What was your position on this
i nvesti gation?

THE WTNESS: M position was as a nenber of
the NTSB Structures G oup. I was sent at the request
of the Air Safety Group at Boeing to assist the NISB

M5, KEEGAN: Wiat other aircraft accident
i nvestigations have you participated in?

THE W TNESS: One ot her. I was involved in
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KOPA flight 201 in Panama in June, 1992.

M5. KEEGAN: What aircraft was that?

THE WTNESS: That was al so a Boeing 737.

M5. KEEGAN:  What was your position in that
i nvesti gation?

THE WTNESS: On that investigation | was
sent as a Boeing representative, again at the request
of the Air Safety Goup, to assist the NISB in their
i nvestigation.

MS.  KEEGAN: Have you ever been involved in
anot her weckage reconstruction?

THE WTNESS: At KOPA there was a limted
reconstruction that | was involved in. Yes, | have
been.

MS.  KEEGAN: Can you describe any parallels
of that reconstruction investigation with this
reconstruction investigation?

THE W TNESS: | feel the direction and fl avor
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of each investigation is sonmewhat

uni que.

| can't

really describe any parallels between KOPA and flight

4217.

M5. KEEGAN:  When you say "unique", can you

give us a little nore detail?

THE WTNESS: Well,

chal | engi ng. On the contrary,

assi stance here on flight 427 by USAr,

facilities, the presence of

drawi ngs, things like that.

Al of these conveni ences that

a structures nenber much easier

a hangar,

we had a | ot

t he

KOPA was very

of

ir

engi neering

made ny job as

here on 427 were not

present on KOPA, so it did handicap the process a bit.

MS. KEEGAN How was flight

427 w eckage

reconstruction reconstructed and oriented?

ept of

say

THE WTNESS: Wll, the conc
reconstruction, | wll clarify. \en I
reconstruction -- and | will say this over
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It sinmply refers to positioning the weckage pieces in
their correct airplane |ocation.

By doing that, you serve to docunent the
structure, you serve to organize the structure, so it
is really a fundanental starting point. The
orientation -- to answer your question, M. Keegan, the
orientation that was selected was essentially a
conventional |ayout, a standard engineering convention.

The forward portion of the airplane, or nose
portion of the airplane, was positioned to the left as
you entered the hangar. The tail section, or referred
to as the enpennage area, was positioned to the right.

On the far side of the weckage was the right
wing, on the near side the left wing. So, you have got
essentially the same perspective as an engineering
dr awi ng.

MS. KEEGAN. Wiat was the purpose of the

reconstruction?
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THE WTNESS: Wll, as | have stated, it
serves to docunent the structure, it serves to organize
the structure and it really gives you a good begi nning
point to comrence other detailed inspections of the
structure.

MS. KEEGAN: More specifically, what was the
purpose of the reconstruction of areas such as the
forward pressure bul khead, the slats, the floor beans?

THE WTNESS: Well, let nme answer that
question in order. W can |look at areas like the
forward pressure bul khead. That reconstruction effort
came on after the initial full scale reconstruction
effort of the major air frane.

The forward pressure bul khead, we did a two-
di mensi onal reconstruction of that. The direction of
the investigation, or reason for doing that
reconstruction was to investigate possibility of bird

strike to that bul khead.
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MS. KEEGAN.  Then, the reason for the
reconstruction of the floor beans?

THE WTNESS: Again, floor beam
reconstructi on was another specific effort that we
undertook after the major air frame had been laid out
and two-dinensionally reconstructed. The purpose of
the floor beam reconstruction really centered over the
systens group.

The floor beans, the web of the floor beans,
have cut-outs in them for the control cables. You have
a floor beam approximately ever 20 inches on the
fusel age. So, we have a fair anmobunt of structure that
is, so to speak, surrounding, or housing the contro
cables, and there was, again, another direction in the
investigation to fully understand that structure around
the control cables, and that would nmean a floor beam
reconstruction.

MS. KEEGAN. M. Johnson, did you observe any
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evidence of structural fatigue, or failure prior to
i mpact during the weckage reconstruction and
exam nation?

THE W TNESS: Evi dence of structural fatigue,
no, | did not observe any evidence of structural
fatigue.

MS. KEEGAN: Did you observe any evidence of
a failure prior to inpact of the structure, or any
areas of the structure?

THE WTNESS: No, | did not observe any
evidence of an in-flight type of failure, catastrophic
failure, no, | did not.

MS. KEEGAN: I would like to refer you to
Exhibit 7(d), page 1, specifically.

(Wtness conplies.)

Wiat were the results of the exam nation of
the slats and, specifically, the nunber one outboard

slat track?
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THE WTNESS: \Well, as -- as the exhibit
states, the slat was submtted for a metallurgical
exam nation, an NISB netal lurgical exam nation, and
using visual neans the NISB netallurgist could
determ ne that that slat outboard main track had failed
due to an overload condition. This was in contrast to
a fatigue-type failure.

M5. KEEGAN: Are you aware of why the
structures group was specifically interested in
exam ning the slats?

THE WTNESS: Wll, the slats -- and this
gets back to one of the earlier questions -- there was
a reconstruction effort undertaken on the slats, the
concern being that there nmay have been a bird strike to
a slat, and the reconstruction was really centered on
that direction again in the investigation.

MS.  KEEGAN: How was the exam nation of the

slat -- how were the slats exam ned for any evidence of
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bird debris?

THE WTNESS: Well, let me start off by
saying | am not an expert in the technique that was
enpl oyed for looking for bird debris, or bird fluids.
The nmethod is called black |ight inspection.

Sinply, it entails a light, an ultraviolet
light of a given wave length that nmakes it invisible to
the human eye. Hence, the nanme black light. \Wen this
ultraviolet light is shown on bird debris, or some
fluids, the debris or fluid will absorb and react to
the light and give an indication, a visible indication,
which is ternmed fluorescing. So, that was the nethod
that was enpl oyed.

MS.  KEEGAN: I would like to refer you to
Exhibit 7(g).

(Wtness conplies.)

The Armed Forces of Pathol ogy exam nation of

the debris that was renoved from the nunber one slat,

CAPI TAL HI LL REPORTING | NC

(202) 466- 9500



10

11

12

13

14

15

16

17

18

could you describe what the exam nation reveal ed?

THE WTNESS: Well, | will back up one step
and say the reason for the Exhibit 7(g), there was a
mld indication of bird strike using the aforenentioned
bl ack Iight method. As a followup procedure, the
Arnmed Forces Institute of Pathology in Exhibit 7(g)
performed three additional inspections for evidence of
bird strike.

Exhi bit 7(g) goes into detail on each of
those three nmethods and concludes by saying that in
each of the three nmethods there was no evidence of bird
strike.

M5, KEEGAN: | amsorry, can you say that
again? D d you say that -- what was the --

THE WTNESS: Yeah, let nme back up.

MS. KEEGAN:  What was the conclusion of the
exam nation of the debris fromthe slat?

THE W TNESS: The conclusion from Exhibit
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7(g) was that there was no evidence of bird strike, and
they utilized three different inspection nethods to try
and find evidence of bird strike.

M5. KEEGAN: Are you aware of the history of
the Boeing 737 -- any history of an outboard sl at
failure in flight?

THE WTNESS: To the best of ny know edge,
am-- well, before | answer the question, let nme see if
| understand the question. Wen you say "failure of a
slat," slat separation from the w ng?

MS5. KEEGAN: That is correct, the slat
separation, or --

THE WTNESS: No, to ny know edge there has
not been a case of a slat separating froma wing in
flight.

MS. KEEGAN. M. Kerrigan previously
nentioned that there was a section of the slat m ssing.

Are you aware of any such section, and has that concern
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been brought to the attention of the investigation?

THE WTNESS: On slat one there is a portion
of slat that is gouged and severely dented. It is
adj acent to a slat rib. Otentines it is not unconmon
to see structure adjacent to a stiffening nenber such
as a rib exhibit nore deformation.

There are small pieces of the slat that are
not attached to the slat, but it is essentially a v-
shaped gouge, a very deep gouge, and nost of the slat
structure is there, it is just that it has been
deformed quite a bit.

M5, KEEGAN: What were the difficulties, or
obstacles in acconplishing 100 percent reconstruction?

THE WTNESS: Wll, as stated in Exhibit
7(a), the major obstacle was the fragnentation of the
structure. W found that we were |ooking at pieces
that were nore sinply too destroyed to try and |ocate

their correct airplane location. So, really the
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fragmentation of the air frame was the nmjor obstacle.

I would like to nention that in sone areas
there was relatively high percentage of reconstruction
Overall, we probably ranged around the 50 percent
| evel .

M5. KEEGAN:  Wien you say "high percentage of
reconstruction,” what area are you referring to and how
hi gh?

THE W TNESS: Ckay, What | amreferring to is
just the percentage of structure that conprises the un-
deformed structure that we are able to identify and
pl ace.

In general, as you went aft along the
airplane we found nore structure, nore identifiable
structure, and the actual percent of reconstruction in
some of those local areas were well in excess of 50
percent.

On the contrary, as you go forward, we found
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it difficult in sonme places to reconstruct pieces
because of the fragnentation, and the percent of
reconstruction was much, much |less than 50 percent.

M5. KEEGAN: Are you aware of any evidence of
pre-inpact fire, or explosion during the -- found
during the exam nation of the weckage?

THE WTNESS: Well, again, | wll qualify ny
answer by stating | amnot a flammability, or an
expl osi on expert. However, | will go on to say that I
did not see any evidence that woul d suggest that.

M5. KEEGAN:  What do you base your --

THE WTNESS: Well, let me clarify. Wth
regards to a fire, what we found as we progressed
through this reconstruction process is that we wuld --
we would find a fire-danmaged piece of structure and we
woul d identify and place the matching adjacent
structure to that fire-danmaged piece, and oftentines

there would be no transitioning of fire damage. [t was
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apparent that this fire-danaged piece had occurred at a
separate | ocation, presumably from inpact.

MS. KEEGAN Did you observe any evidence of
depressuri zation?

THE WTNESS: Wll, the idea of
depressuri zation is -- really infers that there was a

penetration, or sonme type of a failure of the pressured

shell. You know, the fuselage is pressurized.

So, to answer that question, | wll refer to
the issues of penetration of the pressured shell, or
structural failure. I found no indication of either

one of those events.

M5, KEEGAN: What were the results of the
exam nation and reconstruction of the cargo doors?

THE WTNESS: The cargo door reconstruction
showed a coupl e of things. First of all, we found
pi eces of both cargo doors, the forward cargo door and

the aft cargo door
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CHAI RVAN HALL: Coul d you describe for us how
many cargo doors there are and the approximate size of
t he cargo doors?

THE WTNESS: The cargo doors are in two
posi tions. There are two cargo doors. W are talking
about lower load cargo doors. There is one in the
forward position around body station 400 which is, you
know, a few feet aft of the forward service door

There is an aft cargo door which is, again,
sone feet forward of the aft service door, roughly body
station 800. The dinmensions of the cargo door, again,
roughly we are talking a three-foot type dinension, 30-
inch, 40-inch type rectangul ar di nmension

As | was saying, the reconstruction of the
cargo doors yielded a couple of points. W found
pi eces of both cargo doors, forward and aft, and we
al so found evidence that suggested these cargo doors

were cl osed on inpact. In fact, | can say these cargo
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doors were, indeed, closed on inpact.

MS. KEEGAN: \Were do you base your
conclusion? Wat evidence do you base your concl usion
on for that?

THE WTNESS: (kay, let nme explain. | wll
start off with the forward cargo door. W |ocated a
coupl e of key conponents at the door. The first one
was a device called a snubber. It is simlar to a
shock, or a danper is probably the best way to describe
it. It controls the door and gives it some
controllability.

That piece was found in the extended
posi tion. The extended position is the normal door
cl osed position. On the forward cargo door we also
found a latch fitting on the door, and we found the
mating latch fitting on the fusel age frane.

On these two fittings you could see a

consi stent set of marks, or gouging where the door

CAPI TAL HI LL REPORTING | NC

(202) 466- 9500



10

11

12

13

14

15

16

17

18

301

latch fitting had gouged and then |oaded the fusel age
fitting, and vice versa. Again, this indicates that
there was an engagenent on inpact -- excuse ne -- on
i mpact, which would inply door closed position

Wth regards to the aft cargo door, we found
some of that sanme evidence; the snubber in the extended
position, the -- we found a fusel age door fitting that
had imprints from the actual door fitting, so we have
two parts that mate together and we could see where one
had actually inprinted on the other one on inpact.

Also, on the aft cargo door we found the
handle for the door in the recessed closed position
and, not only that, but it did exhibit some consistent
deformation with the surrounding structure indicating
t he door closed position.

M5, KEEGAN: I think you have covered it all
pretty thoroughly, but let nme just ask this question

THE WTNESS: Yeah.
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M5, KEEGAN: Did you observe any evidence
that the cargo door, or other airplane structure had
failed prior to inpact?

THE WTNESS: No, no, | did not observe any
evi dence of that.

M5. KEEGAN: Are you aware of the ground and
aerial searches conducted during the on-site
i nvestigation?

THE W TNESS: | am aware they were carried
out. | did not participate in either the ground, or
the aerial search, but | was on-site during that tine
and am aware of the activity.

M5, KEEGAN: I would like to refer you to
exhibit 7(c), the accident site and search |ocation.
Can you describe, or explain why the ground search
aerial search was conducted and what were the results
of the ground search?

THE WTNESS: The ground search was perforned
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mai nl y because early in the reconstruction there was

sone -- some notable mssing-s fromthe reconstruction
effort. Early on, after about two days of in the
hangar doing the work, | realized we weren't finding

much of the forward cargo door, and there was sone
other structure that was mssing, as well.

So, that was really the reason behind doing
this search, was to find any structure that m ght have
fallen off the aircraft prior to inpact, and I would
like to point out that later in the reconstruction as
it progressed we found pieces of all the doors,
including that forward cargo door.

The search, both the ground search and aerial
search, did not find any structure from flight 427

MS. KEEGAN: Wiat is the history of in-flight
conplications, or failures of the same type cargo door,
or the cargo doors on the Boeing 737?

THE WTNESS: Wll, let me begin by saying a
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bit about the design of the door. These are inward
opening cargo doors. They are commonly referred to as
a plug-type door. W have no in-flight service of a
failure of this type of door

It is areliable design, sinply stated. The
door is larger than the opening. It is held in place
by internal pressure.

MS. KEEGAN. So, are you aware of any prior
history of in-flight failures of the cargo doors where
t hey opened, or --

THE WTNESS: No, | am not.

M5, KEEGAN: -- separated in flight?

THE W TNESS: I am not aware of any in-flight
failure to cargo doors.

M5, KEEGAN: Ckay. I would like to go back
to when | was speaking about the reconstruction of the
forward pressure bul khead. Can you pl ease describe the

hi storical basis for the concerns of a bird strike to
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the forward pressure bul khead?

THE W TNESS: Hi storically, if we go back and
| ook at service data, on rare occasions there have been
birds that have struck that bul khead. Let ne clarify
where this bul khead is. It is located just behind the
radone, which is the nose section of the airplane.

There have been cases where a bird has
penetrated the radome and struck the bul khead, and
t here have been even rarer cases where a bird has
penetrated the forward pressure bul khead.

MS. KEEGAN:  What were the results of the
bl ack light exam nation of the forward -- reconstructed
forward pressure bul khead?

THE WTNESS: The results were negative for
evidence of bird strike on that bul khead.

MS. KEEGAN: Wiat is the history of in-flight
conplications, or failures regarding a bird strike to

the forward pressure bul khead on a Boeing 737?
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THE WTNESS: There have been sone rare cases
where a bird has struck that bul khead. In all cases
the airplane has been able to land safely. There have,
to ny know edge, been no accidents, or incidents
resulting fromthat.

M5, KEEGAN: Do you recall what the
approxi mate percentage of the forward pressure bul khead
was reconstructed?

THE WTNESS: W conpleted the effort with
about 40 percent of the bul khead reconstructed. That
was based on a percentage of the surface area of the
bul khead.

M5, KEEGAN: Do you recall what other
airplane structure was examned for bird debris and
what the results were?

THE W TNESS: In addition to the forward
pressure bul khead and the slat structure that |

nmentioned previously, we also |ooked at the radone
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which is essentially the nose in front of the pressure
bul khead.

In addition, sone of the cockpit conponents
were inspected, the left-hand wing was inspected, the
| eading edge. They also inspected the |eft-hand w ng
spoi l ers. The | eading edge of the horizontal
stabilizer was inspected, as well as the |eading edge
of the vertical stabilizer.

M5, KEEGAN: What were the results of those
exam nations?

THE W TNESS: In all cases the results were
negative for bird strike.

(Pause.)

M5. KEEGAN: Were there any structural --
ot her structural concerns regarding flight 4272

THE W TNESS: | don't have any other
structural concerns with flight 427. | feel the team

kept an open mnd. W |ooked at everything and | don't
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feel | have any other concerns about flight 427's
structural investigation

MS. KEEGAN: \What are your feelings regarding
the reconstruction of the floor beans and the potentia
for an in-flight failure of the floor beans?

THE WTNESS: M feeling with regard to that
is that if we go back and [ ook at our service
experience, we wll find that we have never had that
failure scenario where a floor beam had suddenly
col l apsed and put an input into a control cable. It
sinply isn't a failure nechanism that we have ever
seen.

M5. KEEGAN. So, are you saying there is no
history of any in-flight failure of the floor beans?

THE W TNESS: | am saying, to ny know edge
there is no history of a catastrophic failure of a
fl oor beam that would involve several inches of

defl ection and input to a control cable.

CAPI TAL HI LL REPORTING | NC

(202) 466- 9500



10

11

12

13

14

15

16

17

18

M5. KEEGAN: Are you satisfied that the areas
that the Structures Goup covered in the re-examnation
and reconstruction of flight 427 were adequately
reconstructed and investigated?

THE W TNESS: | feel the reconstruction
effort was adequately inspected, yes. W spent a very
long tine reconstructing the airplane, and | think we
have | ooked into all possible |eads. I cannot think of
any other piece of structure on the airplane that |
woul d reconmend a reconstruction on at this phase.

M5. KEEGAN: Are you aware that these sane
views were expressed during the reconstruction by the
menbers of the structures tean?

THE W TNESS: Yeah, | -- | can speak on their
behal f that we openly expressed our views and our
opi nions towards the direction of the investigation and
we, especially the Boeing representatives, feel that we

did a very thorough job on the reconstruction, and |
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can't -- | can't really foresee any other structure to
further reconstruct.

MS5. KEEGAN: Are you aware of a history, or
an event of a partial failure of a slat on the Boeing
7377

THE WTNESS: CGetting back to the issue of a
bird striking slats, the typical damage resulting from
such an event would be a denting of the slat structure
| eadi ng edge structure. In rare cases you m ght get
sone tearing of the |eading edge structure, but that is
in general the extent of the damage, at least to ny
know edge, frombird strike on slats.

MS. KEEGAN:  Thank you very nmuch, M.
Johnson. | have no further questions at this tine.

CHAI RVAN HALL:  Thank you, M. Keegan. Do
any of the parties have questions for this wtness?

(No response.)

Seeing no questions fromthe parties, | wll
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go to M. Marx.

MR MARX:  No questions.

CHAI RVAN HALL: M. dark?

(Pause.)

MR. CLARK: M. Johnson, do you know what the
pressurization would be on the airplane at 6,000 foot,
just prior to the upset, or the pressure differential?

THE W TNESS: | don't know the exact val ue
I would estimate it at probably around one PSI

MR CLARK:  xay. Earlier today there were
questions about the possible presence of a bonb on
board the airplane. Have you identified any type of
mechani sm in which a bonb could produce this type of
event, this type of departure?

THE W TNESS: Have | identified any type of a
mechani sn? Do you nean have | seen any structura
failure scenario consistent with a bonb expl osion

or -- | amnot sure --
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MR CLARK: Wll, not only -- 1 think you
testified earlier that you saw no evidence, direct
evidence, of the presence of a bonb, but, within that,
have you identified any potential mechanisnms in which a
bonb coul d produce a sl ow noving rudder?

THE WTNESS: Again, | amnot sure if | fully
under stand your question. From a structural inspection
of the debris, there is no evidence of an expl osion.
However, as | stated to Ms. Keegan, | am not an
expl osives expert and, really, | think the other
exhibits and wi tnesses can attest to the presence or
mechani sm of an expl osive devi ce.

MR CLARKI  (kay, thank you. | have no
further questions.

CHAl RVAN HALL: M. Schl eede?

MR,  SCHLEEDE: Yes, clarification in two or
three areas here. | believe Ms. Keegan asked you about

your know edge of any history of floor beam failures in
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flight, and your answer was you were not aware of any
catastrophic failures in flight. Are you aware of
floor beam failures in 737 in flight that --

THE WTNESS: No, | amnot. No, | was sinply
trying to delineate between what you m ght consider
routi ne mai ntenance on a floor beam where you may find
a bit of corrosion, or sonmething requiring a repair and
sone approval process, but, no, | know of no floor beam
failure in the classical sense.

MR SCHLEEDE: Ri ght, okay, and anot her
clarification. You were asked if you were aware of any
partial failure of a slat in flight. In your answer
you put it in the context of a bird strike, but | think
the question was are you aware of any partia
structural failures of a slat in flight on a 737,
regardl ess of the reason.

THE WTNESS: No, not to ny know edge

MR SCHLEEDE: As part of your exam nation
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and | may have mssed it, the aux fuel tank? Was that
your responsibility in part of this investigation?

THE W TNESS: | identified several pieces of
that tank. However, later in that investigation we had
a PATS engi neer cone and do a thorough investigation of
the tank, and he submitted an exhibit on his findings
of the tank.

MR SCHLEEDE: Did you participate in that
exam nation?

THE WTNESS: No, | did not.

MR, SCHLEEDE: And the last area. Regar di ng
the forward pressure bul khead, you spoke about 40 --
roughly 40 percent of the material surface area was
recovered.

Coul d you characterize how random t hat was,
or was it like it was one side mssing and you had part
of the other side, or was it sort of totally randonf

Coul d you characterize where those pieces were fronf
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THE W TNESS: It wasn't all that random It
tended to -- and based on nenory, we found a fairly
substantial portion of the |ower right quadrant, and
then in the upper left quadrant we found another fairly
substantial portion of it.

There were sone areas of that bul khead that
we sinply could not find any structure to try and
reconstruct.

MR SCHLEEDE: Ckay, thank you very much.

THE WTNESS: Yes, sir.

CHAI RVMAN HALL:  The forward cargo door, could
you tell me one nore time what you found on the forward
cargo door?

THE W TNESS: wll, we found -- what we found
on the forward cargo door was the handle, we found a
torque tube which was just part of the |atching
mechanism we found sone of the structural framng, we

found a latch, we found a snubber
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As a percentage, it was well under 50 percent
of the door that we found on the forward, whereas the
aft door we probably found just about 50 percent.

CHAI RVAN HALL: Al right. | don't believe
that | have any other questions, M. Johnson. Are we
sure none of the parties have any questions of this
W t ness?

(No response.)

If not, you are dism ssed. Thank you very
much for your tine.

THE W TNESS: Thank you.

(Wtness excused.)

CHAl RVAN HALL: M. Haueter, do we want to
call one nore witness, or do we want to conclude for
the day? The Chairman does not like to be unpopul ar.

MR HAUETER (I'naudi bl e.)

CHAI RVAN HALL: One nore?

MR HAUETER: (I'naudi bl e.) I"m sorry. W
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have one nore w tness,

and it would take about 45

mnutes to an hour to get through him we believe.

CHAl RVAN HALL

Vell, with that information

the Chairman believes we will begin

nor ni ng,

adj our ned,

| ocation.)

and we are in recess.

MR HAUETER  Ckay.

CHAl RVAN HALL

at 8:30 in the

Of the record.

(Whereupon, at 6:35 p.m

t he hearing was

to reconvene the following day in the sane
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