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Board of Inquiry and call as our next
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9:05 a.m)

reconvene this

W tness, M.

Walter Walz, the Custoner Service Representative for

Parker Hannifin in Irvine, California

your presence here this norning, sir.

(Wtness testinony continues on

page. |

CAPI TAL H LL REPORTI NG
(202) 466-9500

I NC.

appreci ate

t he next



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

1797

WALTER WALZ, CUSTOVER SERVICE REPRESENTATIVE, PARKER

HANNI FI N, | RVINE, CALIFORNI A

Wher eupon,

WALTER WALZ,

was called as a witness by and on behal f of

and, after having been duly sworn,

testified on his oath as

f ol | ows:

MR. SCHLEEDE: M. Wil z,

could vyou

t he NTSB,

was exam ned and

pl ease

give us your full nane and business address for the

THE W TNESS: Walter Jane

record?

Bertea Aerospace, |Irvine,
MR.  SCHLEEDE

Par ker ?

S

Wl z,

Cali forni a.

What is vyour

THE W TNESS: Presently,

was manager of technica

MR. SCHLEEDE:

integrity.

Par ker

position at

am retired, but

Wuld you give us a brief

description of your background and experience that

qualified you for your position at
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(202)

466- 9500

Par ker ?

I NC.



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

1798

THE W TNESS: Forty-three years in the
i ndustry, 35 years at Parker.

MR. SCHLEEDE: And in the industry, referring
to what type?

THE W TNESS: The aerospace industry.

MR. SCHLEEDE: Thank you. M. Phillips.

MR.  PHI LLI PS: Good norni ng.

THE W TNESS: Good norni ng.

MR.  PHILLI PS: We've got Walter up there. |
guess we've always called you Wlly. Is Vally okay?

THE W TNESS: Wally is fine. Walter is ny

dad.

(Laught er)

MR.  PHI LLI PS: well, | was told, we needed to
be fornal. VW would like to talk a little bit with you

today about Parker-Hannifin's support of its products
and sone other areas related to the main power control
unit. I would like to start off wth, in your position
prior to your retirement at Parker, what were your
responsibilities?

THE W TNESS: Manage and direct the
engi neering departnent, all the engineers and the jobs
going through the plant.

MR.  PHI LLI PS: Ckay. And that was in the

CAPITAL HILL REPORTING |NC
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customer --

THE W TNESS: Servi ce.

MR PHI LLI PS: Customer services division.

THE W TNESS: Yes, custoner support.

MR.  PHILLI PS: One of the products of that
division is the main rudder PCU for the 7377

THE W TNESS: Yes.

MR. PHILLI PS: Did you -- what kind of
activities did you manage in the engineering group?
Was it tests?

THE W TNESS: Mainly, | would arrange and
schedule the units coming in, nheke sure the engineers
were available, any acconmobdations that were necessary,
the test stands, the equipnent.

MR. PHI LLI PS: Coordinate the test activities
t hen?

THE W TNESS: Absol ut el y.

MR, PHI LLI PS: Have you been involved in any
accident investigation test activities?

THE W TNESS: Yes, | have.

MR.  PHILLI PS: Gould you give us a brief
summary of the ones that you renenber?

THE W TNESS: Wel |, 585. I was up at United

Airlines on that one. In Pittsburgh, | went back there

CAPITAL HILL REPORTING |INC
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for 427.

MR.  PHI LLI PS: In that role, you were acting
as a Parker representative?

THE W TNESS: Yes, | was.

MR.  PHI LLI PS: Does the main rudder power
control unit, does it have a warranty?

THE W TNESS: A new warranty, yes.

MR.  PHI LLI PS: Wat is that warranty?

THE W TNESS: Three years, | believe. |I'm
not really certain. | don't work on that end of that
busi ness, but | believe it's a three-year warranty.

MR.  PHI LLI PS: So when wunits are returned
from operators in-service, they can -- like an
aut onobil e, they can have things fixed in a certain
time period.

THE W TNESS: That's correct.

MR, PHI LLI PS: And you think that there's
three years on this. What would the warranty cover?
Wuld it cover replacenent of broken parts, worn parts?

THE WTNESS: Onh, yes. When you say "broken
parts,"” it depends on how they were broken, but, yes.

MR.  PHI LLI PS: So if it was a result of sone
kind of manufacturing defect, you would --

THE W TNESS: W would warranty them that's

CAPITAL HLL REPORTING |INC
(202) 466- 9500
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correct.

MR.  PHI LLI PS: Do you have any kind of system
at Parker that tracks nmanufacturing defects?

THE W TNESS: Absol utel y. W have a
reliability -- yes, we have a reliability program
Every unit that goes through the plant, there's a
history folder that follows it and everything that's
done to the unit is recorded in that history folder.
And when it gets to the end of the trail, the back
door, ready to be shipped again, that history folder
then goes to a reliability group where the data in
there is extracted and put into a database.

MR, PHI LLI PS: What kind of information is in
this history folder?

THE W TNESS: Normal |y, we record part
nunber, custoner, date, reason for return, what else we
found wong with it beside the reason for return, what
repairs were done to it, and the major conponents that
were replaced.

MR, PHI LLI PS: And then the reliability group
studies the information in this folder every time a new
folder cones to then?

THE W TNESS: Wen you say studies it, they

ook at it. They know what it is and they put it in

CAPI TAL H LL REPORTING | NC
(202) 466-9500
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t he dat abase.

MR.  PHI LLI PS: So then every power control
unit that's been worked on by Parker, there's sone
record of everything that's been done?

THE W TNESS: Yes, that's correct today.

MR,  PHI LLI PS: Do you also keep records of
tests that were done in that folder?

THE W TNESS: Absol utel y. Yes, we do. |
believe it's in the sane folder. There's a tine when
it goes into the quality control file system but --
and that's wusually off on another site.

MR.  PHI LLI PS: So then if | would take a 737
that's operating on the flight line for nobst any
operator, if that power control unit has been worked on
or serviced by Parker, there would be records as to
what was done --

THE W TNESS: That's correct.

MR, PHI LLI PS: -- and the test results. How
long are those records kept?

THE W TNESS: Ten years, to ny knowedge. It
m ght be | onger.

MR, PHI LLI PS: Is there any requirenent for
you to keep those records?

THE W TNESS: W've been trying to find out

CAPI TAL HILL REPORTING |INC
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what the official requirenment is and we get many
answers. Ten years we feel is safe and so we keep them
ten, and | think that they're kept I|onger than that.

MR, PHI LLI PS: Wuld that be an FAA
requirement ?

THE W TNESS: According to the QC manager,
ten years is the nunber.

MR.  PHI LLI PS: In your experience at Parker,
the years that you ve been there, have you observed
broken units conme in to be serviced? Have you seen

broken units cone in?

THE W TNESS: Yes, |'ve seen sone units that
were broken. Broken is a pretty broad term but yes.
MR.  PHI LLI PS: I was just going to ask, can

you briefly tell us what would be a common return on
the main rudder power control wunit? Wat would you --
what would be the reason for returning to Parker? The
nost conmon that conmes to your mnd?

THE W TNESS: Vell, the nost comon one is
repair. That's all they tell us is repair.

MR.  PHI LLI PS: So the nechanic sends it back
and says "repair this?"

THE W TNESS: That's exactly right. W put

it on a test stand and we test it and find out what's

CAPI TAL HILL REPORTING |INC
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wWr ong.

MR.  PHI LLI PS: The tests that you do, with no
nore direction other than repair, how extensive of a
test do you do?

THE W TNESS: W do a conplete receiving
test, which is a conplete ATP.

MR, PHI LLI PS: Does that receiving test
require you to test the hydraulic fluid that's
contained in the wunit?

THE W TNESS: If it's under warranty, we do.
If it's not, we do not test the fluid in the unit. W
flush it out before it goes on the stand.

MR.  PHI LLI PS: And why do you do that?

THE W TNESS: So the reservoir in our system
won't get contam nated.

MR.  PHI LLI PS: So you don't want to nove the
dirt from that part into your test equipnent.

THE W TNESS: That's correct.

MR, PHI LLI PS: Do you have any test equipnent
that uses dirty fluid to test the conponents?

THE WTNESS: No, we don't.

MR.  PHILLIPS: Has that ever been a
requi rement at Parker that you're aware of?

THE W TNESS: | think maybe over the years,

CAPITAL HILL REPORTING INC
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we've made a few setups where we've done that, but it's
been years ago.

MR, PHI LLI PS: When you receive units for
repair with just the statenent "repair”™ on the tag, do
you -- are you required to notify Boeing that a unit
has come in for repair?

THE WTNESS: No. No, we are not.

MR, PHI LLI PS: What kind of system do you
have to let them know that you may be seeing a unit for
frequent repair for the sanme calls?

THE W TNESS: | don't know that we have a
requirenment to notify Boeing if a unit conmes back for
the sanme thing. If we see sonmething that's very
unusual, we wll normally notify Boeing. Ve wll
notify ROEM first and talk with them Then they
normal ly would contact Boeing.

MR, PHI LLI PS: Is the FAA in this dialogue
| oop?

THE W TNESS: Not yet, it isn't.

MR PHI LLI PS: Not vyet. Do you nean that
it's not got to the level where it's inportant -enough -

THE W TNESS: That's correct.

MR.  PHI LLI PS: -- to the FAA?

CAPITAL HLL REPORTING |INC
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THE W TNESS: It may or it may not, depending
on our conversation.

MR.  PHI LLI PS: Does Parker work on all the
PCUs? |Is there a requirenent that Parker is the only
approved repair station?

THE W TNESS: W would like to think that
but it's not true. W work on 25 to 30 percent of the
units that are built by Parker. W repair and
over haul .

MR.  PHI LLI PS: Ckay. So if you work on 25 to
30 percent, then the rest are being nodified or
repaired? | won't say nodified. They' re being
repaired by people other than Parker?

THE W TNESS: That's correct.

MR,  PHI LLI PS: And who are those people?

THE W TNESS: I would say the biggest ones
are the airlines thenselves. Then there are sone
third-party shops.

MR, PHI LLI PS: Who gave them the approval to

nodify or to work on -- repair those parts?
THE W TNESS: I would assume the FAA
MR, PHI LLI PS: In repairing those parts, are

they required to use Parker docunents to test documents

and equi pnment ?

CAPITAL HILL REPORTING |INC
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THE WTNESS: By "they," who are you talking

about ?

MR, PHI LLI PS: The operators.

THE W TNESS: The operators, yes, they
usual |y do. The third-party shops, | don't know what
t hey use.

MR.  PHI LLI PS: Do you provide to them the
docunentation and the test equipnent they need to do
the tests?

THE W TNESS: Are you talking about the
third-party shops?

MR.  PHI LLI PS: The operators.

THE W TNESS: The operators, we do.

MR.  PHI LLI PS: The third-party shops, let's
talk about them How are they different than the
operators?

THE W TNESS: They're a separate entity.
They're in business on their own, and they have no
connection wth us whatsoever.

MR.  PHI LLI PS: In the critical design review
report, a portion of that report addresses third-party
or after-market repair. Are you famliar wth that
report? Have you read it?

THE W TNESS: Yes, 1've seen parts of it.

CAPITAL HILL REPORTING INC
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MR.  PHI LLI PS: Do you have any coment about
the recomendations that the FAA has nade in that
report or the CDR team has nmade to the FAA?

THE W TNESS: Can you be nore specific on the
recommendat i ons?

MR.  PHI LLI PS: Ckay. W'l dig one up here.
Specifically, | believe the -- well, we'll get the
recommendati on here. | believe we're talking about
recommendation 20, 21, and 22, on page 46 of Exhibit
9X- A

THE W TNESS: Wwell, first of all, you're
tal king about PMA and you're talking about qualified
people out there in those shops. The FAA is going in
and they're going to approve them How they do that,
I'm not aware of how they do it. The data that they
use in those shops, | don't know where it cones from
It doesn't cone from us.

W build the units. W wite the procedures.
W have the process paperwork, and we don't supply
that to the third-party shops. So how they arrive at a
conclusion, I'm really not sure.

MR,  PHI LLI PS: To make a point clear here,
were the -- was the main rudder PCU that was involved

in the USAir 427 accident, to the best of your

CAPI TAL H LL REPORTING | NC
(202) 466-9500



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

1809

know edge, was that ever worked on or repaired by
anyone other than Parker?

THE W TNESS: Not to ny know edge, it was
not .

MR.  PHI LLI PS: In your years at Parker, have
you observed testing of the servo valve, the dual spool
concentric servo valve?

THE W TNESS: Yes, |'ve observed it. You
can't be there 35 years and not see it.

MR.  PHI LLI PS: In that testing, do you use a
special test fixture for that test?

THE W TNESS: Yes, we do.

MR. PHI LLI PS: And why is that?

THE W TNESS: The paraneters that are
required to be met take a fixture that's machined, very
fine dimensions on it, and it's designed to handle that
pi ece of equipnent.

MR, PHI LLI PS: And then the functional test
procedure, the top assenbly procedure, could you tell
us --

THE W TNESS: Sane thing.

MR.  PHI LLI PS: Could you tell us a little bit
about the differences between the servo valve |evel

test and the full assenbly test?

CAPI TAL H LL REPORTING | NC
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THE W TNESS: Wll, the servo valve test
concentrates on the servo valve itself, what it can do,
what it's supposed to do, and what it actually does.
And at the top, it has the servo in it. You perform
the tests at the top assenbly and see how it's going to
oper at e.

MR, PHI LLI PS: So if the servo valve can't
pass the servo valve level test, it can't make it to
the top assenbly?

THE W TNESS: That's correct.

MR, PHI LLI PS: Wuld it be possible for a
servo valve to malfunction and still pass the top
assenbly test?

THE W TNESS: Not to ny know edge.

MR.  PHI LLI PS: Do you -- as a matter of
repairing the power control wunits, are you ever
required to take detailed dinensions of the parts that
cone back in?

THE WTNESS: GCh, vyes. There are tines when
we do that.

MR, PHI LLI PS: Are you |ooking for wear?

THE W TNESS: Looking for wear, yeah, that's
one of the things we |ook for.

MR, PHI LLI PS: Are there a group of

CAPITAL HILL REPORTING |INC
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conponents that are defined by Parker to be replaceable
on a regular interval or at the tine-based interval?

THE W TNESS: Not on a regular interval.

Wth the exception of seals, software and stuff |ike
t hat .

MR, PHI LLI PS: Does this power control wunit
have a fixed service life?

THE WTNESS: No, it does not.

MR.  PHI LLI PS: Wio nade that decision? Is
that a Parker decision or was that required --

THE WTNESS: No, | think that's probably a
Boei ng deci sion. I would have to let them answer that
guesti on.

MR,  PHI LLI PS: Sonme tine ago, a service
bulletin was issued and an airworthiness directive
followed to nodify the servo valve in the min power
control unit. Are you famliar with that event?

THE W TNESS: Yes.

MR,  PHI LLI PS: The conpliance staefao
conpletion of the program for the nodification
program was set over a nunber of years. Are you aware
of that?

THE W TNESS: Yes, | am

MR.  PHI LLI PS: Are you aware of how many

CAPITAL HILL REPORTING |INC
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years?

THE W TNESS: Five -- pardon?

MR, PHI LLI PS: How many years?

THE W TNESS: Fi ve years.

MR, PHI LLI PS: Five years?

THE W TNESS: Yes.

MR, PHI LLI PS: And that was to nodify how
many units?

THE W TNESS: I think the nunber is about
approxi mately 2350.

MR, PHI LLI PS: Twenty-three hundred and fifty
units over five years. How did that five year nunber
get determned? Wwo decided it would take five years
to manufacture or nodify 2350 parts?

THE W TNESS: | believe the FAA did.

MR.  PHI LLI PS: Did Parker have any part in
t hat deci sion?

THE W TNESS: I"'m not aware of anybody that
di d.

MR.  PHI LLI PS: So they could have decided to
ask for two years and Parker could have conplied wth
making parts to support a two year replacenent
schedul e?

THE W TNESS: Well, they could have, but |

CAPITAL HLL REPORTING |INC
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think that they take into consideration the nunber of
units and the capacity available to do the work. so |
would say that that's given sonme consideration.

MR.  PHI LLI PS: In your experience wth

airworthiness directives that affect parts that Parker

has manufactured, is five years a long period of tine?
THE W TNESS: I think that five years is a
long period of time, but | think it's all relative to

the nunber of wunits that are in the field that you have
to do.

MR. PHILLI PS: If there had been 200 wunits,
certainly the tinme period would have been --

THE W TNESS: Five years would have been a
very long tine.

MR. PHILLI PS: Ckay. Right now, | don't have
any other questions, unless you have sonething you
would like to add?

THE WTNESS: No | don't.

CHAl RVAN  HALL: O her questions from nmenbers
of the Technical Panel?

(No response.)

CHAl RVAN  HALL: Not . Any of the parties do
have questions for this wtness?

(No response.)
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CHAl RVAN  HALL: | see mohands. And we'll
nove to M. d ark.

MR. CLARK: Wth the current AD that's -- and
there's a five year time for conpliance to change the
parts or assure that the parts cannot produce an over
travel . Is Parker the only facility that can inplenent

t hat change?

THE W TNESS: I'"'m not sure | know the answer
to that, because | don't know what authority sone of
the third-party stations have. I will tell you this,

that the service bulletin states that if the units cone
back, the work is done with no charge. | don't know
that a third-party station would do that.

MR, CLARK: You stated earlier that one of

the -- the primary description for returned PCUs is
that the unit is in need of repair. What types of --
what causes the unit to be -- why does the unit have to

be repaired typically?

THE W TNESS: Wll, just being in operation,
you've got parts in there that wear, and over a period
of tinme, they're going to need replacenent or rework.

MR. CLARK How will a nechanic know that a
part is worn?

THE W TNESS: Par don ne?
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MR. CLARK: How would a nechanic find out
that a part is worn?

THE W TNESS: The first thing that wll tell

him is the receiving tests. And it wll tell him
sonething's wong sonmewhere in the wunit. And he'll go
to that area and he'll pull the parts out and run tests

or inspection or whatever is required on those parts.

MR. CLARK: | follow on with it and then 1'1I
get back to that question. During the receiving test,
how conprehensive is that conpared to the -- | assune

there's a functional test when the part has been
repaired and sent out. How does the receiving test
conpare to the final test?

THE W TNESS: The receiving test is
i dentical . It's the sane procedure. The ATP coming in
is the same as the ATP going out.

MR CLARK For this over-travel issue that's
arisen since the Mac Mdore unit after the Colorado
Springs accident, do he receiving tests check for that
as the part conmes in?

THE W TNESS: Yes, it does.

MR, CLARK How many units have been found to
have such tolerances that an over travel could occur?

THE W TNESS: John, | don't have those

CAPITAL HILL REPORTING |INC
(202) 466- 9500



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

1816

nunbers.

MR. CLARK Are they finding sonme or nmany, a
| ot ?

THE W TNESS: Frankly, 1'm not aware of any
that have cone back to our facility and failed the
receiving test.

MR CLARK: On this receiving test and the
functional test as it is today, if the original Mc
Mbore unit had cone in, that test would have uncovered
that over-travel issue?

THE W TNESS: Yes, it would have.

MR. CLARK And at least right now, you're
not aware of any that have cone in in this overhaul
procedure that would have failed that portion of the
test?

THE WTNESS: No, | wouldn't say that. There
were a couple of units that were brought in that had
sone events on them had been repaired by soneone else,
and the FAA was there, the airline was there. | think
Boeing was there. And there were one or two that
failed that test.

MR CLARK Wat we're referring to then is
the servo valve itself had been repaired by other
facilities. You delivered the part to the airlines,
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the servo valve. And then subsequently, the servo
valve had been repaired by other facilities and then
the part was returned back to you. In your service --
in your receiving test, you found that it had a
potential to over travel.

THE WTNESS: No, that's not quite true. W
could have repaired that servo valve, but when it goes
back to another party to install the servo valve,
they've got to take it apart to put it into the main
PCU. Wien they take it apart, if it's not put together
properly, they'll have a problem

MR. CLARK: In putting the part back
together, what could be introduced into that part that
would allow it then to have an over-travel issue rather
than a part as you delivered? Wat would change from
di sassenbly to reassenbly that would allow an over
travel to occur?

THE W TNESS: Probably the stroke is the nost
i nportant. That's wusually determned by an anount of
t or que. W know an area that the torque value --

MR, CLARK: | nproper torque values --

THE W TNESS: That's correct.

MR. CLARK: -- on the end cap primarily?

THE W TNESS: Not on the end cap. On a nut
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that locates a spring guide down inside.

MR. CLARK: So in these issues, if that nut
were properly torqued, which would have been proven as
it left your facility, then if that nut's renoved and
reinstalled, there's a potential there.

THE W TNESS: There is. Yes, sir.

MR. CLARK: And within your setup and
procedure and functional test as it |eaves the factory,
if you were to do the entire overall, you would -- if
that nut were inproperly torqued in your facility, you
would find that in the functional test?

THE W TNESS: W certainly would.

MR, CLARK In your estimation, the AD that's
currently being inplenmented, is that sufficient enough
to preclude that installation --

THE W TNESS: Yes, it is.

MR CLARK -- for other facilities? They
now have to do proper procedures to assure that that
problem is taken care of.

THE W TNESS: If theyfollow the procedures,
they will be able to do everything properly.

MR. CLARK: Coming back to the questioning
that started, as we've kind of junped into the mddle.

My question was on the nmechanics, | was not referring
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to the mechanics that work at the Parker facility that
receive these parts in need of repair. I"m tal king
about the nechanics that nake the original
determnation that the part needs to be repaired.

THE WTNESS: Oh.

MR. CLARK What are they finding? What
happens that pronpts them to pull a unit, to say a part
needs repaired?

THE W TNESS: Most common cause is external
| eakage.

MR CLARK When these parts cone in with a
tag that says that you need to repair it, do they note
that the unit has external |eakage?

THE W TNESS: Sonetinmes it's noted.
Frequently, it's not. It just says "repair."

MR. CLARK Do you ever follow up back wth

the mechanic to find out specifically what their issue

was ?

THE W TNESS: V¢ do. You bet.

MR. CLARK Is that routine or --

THE WTNESS: It's not routine. W run a
receiving test. And if we can't find anything wong
with it, then we'll go back to them and we'll discuss

it with them and ask them what they sent it in for.
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MR, CLARK: Is that reported in your
document ati on?

THE W TNESS: Yes, it is.

MR. CLARK: In this history that's been going
on for the last three or four years, if you do follow
up, how many times are you finding reports that the PCU
is behaving erratically or they perceived that the unit
was behaving erratically?

THE W TNESS: | don't know what you nean by
erratically.

MR CLARK Well, sonmething that nay have got
the mechanic's attention or a flight crew attention.
Sonmething that alerted to sonebody or made them feel
that the unit was not functioning properly. | assune a
nmechanic would be alerted to that effect. They would
perform sone check out and then send the unit back to
you.

THE W TNESS: I don't know if | can answer
t hat . Wien we see the units, | don't know how it has
been detected or determined that the unit should cone
back short of a pilot conplaint or of soneone who has
been up in the area of the unit and has seen sone
| eaking or something like that.

MR, CLARK Now, this leaking we're talKking
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about is an external |eak.

THE W TNESS: Yes.

MR. CLARK Hydraulic fluid is running out of
the -- or leaking out of the unit, to sone unacceptable
st andar d.

THE W TNESS: Dripping out, right.

MR. CLARK: What about the issue of internal
| eakage? In sonme of the procedures, the nechanics have
to listen to the unit to listen if there's flow bypass
going on inside the wunit.

THE W TNESS: I"'m not famliar with the
listening procedure. They have procedures, | think,

for detecting internal |eakage in a system on the

ai r pl ane. | think they can pin that down to a specific
area, but | don't know of anybody that listens for the
| eakage.

MR. CLARK: But in the -- with the internal

| eakage going on, could that be indicative that one of
the servo valves is mspositioned or sticking?

THE W TNESS: | suppose that's possible. It
nore than alnmost all the time is wear on the servo or
wear in some area.

MR, CLARK: On your incomng test would you

be able -- would that test disclose that a unit had a
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sticking servo valve? One of the valves may be
sticking?

THE W TNESS: Yes, it would.

MR, CLARK: If it were sticking at the tine
you were running the test?

THE W TNESS: Yes.

(Lengthy pause.)

MR CLARK During the functional testing on
either -- well, either the receiving or the final
tests, are you able to neasure the friction of the
primary and secondary valve novenents?

THE W TNESS: Somewhere in the testing, they
do neasure that, vyes.

MR CLARK Wiere you can actually within the
functional testing nove -- try to nove the primary or
the secondary and neasure that amount of force that's
required in the systen?

THE W TNESS: That's correct.

MR CLARK In that type of friction, do you
have any idea how often that you see that is out of
tol erance?

THE WTNESS: No, I'm not normally in that
area, John. So | don't know.

MR CLARK But you would have records that
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may indicate that?
THE W TNESS: W would have records, yes.
MR. CLARK: And this type of friction unit,
is that part of the routine incomng/receiving tests?
THE W TNESS: Yes.
MR. CLARK: Do you know how they do nmneasure

that, that friction specifically?

THE W TNESS: | would -- no, | don't think I
can talk about that. W have sonme people here that can
help you, but I'm not out there enough to discuss that.

MR CLARK: Part of your incomng test, do
you evaluate the hysterias in the unit?

THE W TNESS: Hysterias is a test that's run,
yes.

MR, CLARK: In the servo valve, it may take a
certain force to push it out and a certain force to
pull it back.

THE W TNESS: They check that.

MR. CLARK When you bring these units in,
are the servo valves routinely replaced? Wen a unit
cones in for repair, is the servo valve routinely
overhauled and are the servo spools replaced?

THE W TNESS: Are you talking ADa are you

talking just normal routine repair and overhaul ?
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MR CLARK Well, | guess if the unit cones
in, the AD has to be conplied with, doesn't it?

THE W TNESS: That's correct.

MR CLARK Now.

THE W TNESS: Now.

MR CLARK: And so if any unit conmes in for
any reason, you're going to replace the servo valve?

THE W TNESS: W're going to take it off and
incorporate the AD, yes.

MR CLARK: Does that require in each case
replacing the servo valves or the primary and secondary
val ve?

THE WTNESS: No, it does not.

MR CLARK So you may be able to use the
existing valve if it appears okay?

THE W TNESS: There are tinmes when a valve
will pass a test. If the primary and secondary are not
of our manufacture, then we won't reuse them They are
not called out in the manual and they are not
considered an acceptable piece of hardware.

MR CLARK Do you have a history or have you
seen evidence comng in on the examnation of the valve
spools of chip shear or damage from chips?

THE WTNESS: John, | can't help you wth
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t hat . I'"m sorry. I don't know

MR. CLARK: Have you -- and this may fall
into the sane category. Have you found any nagjor
contam nation of any units coming? For exanple, in

smal | passages or any evidence of existing silting?

THE W TNESS: I"'m not aware of it and --
well, I'm just not aware of it. I"m not in that area,
so.

MR. CLARK: If the unit -- if the hydraulic
fluid were flushed, | guess that -- would that renove

any evidence of silting that may be present?

THE W TNESS: Wll, it would renpbve sone, not
necessarily all of it.

MR. CLARK: So in some of the hidden
cavities, some of the far recesses in the unit, you
would still expect to see evidence of silting?

THE W TNESS: It could be, yes.

MR. CLARK: Do you -- in the inspection
procedure that follows, do you look for that or |[|ook
for evidence?

THE WTNESS: No, we don't. Not on a routine
repair. That would require tearing the unit down and
you're talking a lot of tine and a lot of dollars.

It's just not --
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MR. CLARK I guess in the sense, has there
ever been any history that you're aware of in conplete
tear downs or partial tear downs where silting has been
found or layers of contamnates have been found wthin
a unit?

THE W TNESS: I'"'m not aware of any silting
problens at our facility.

MR. CLARK Any evidence of pieces of o-ring
material or sone of the -- that have gotten in and
contam nated servo valves or sone of the passages?

THE WTNESS: No, not in the servo valve.
I'"'m not aware of any in there.

MR. CLARK Ckay. Thank you.

CHAl RVAN  HALL: M. Marx?

MR MARX Wally, congratulations on your
retirenment.

THE W TNESS: Thank you.

MR MARX: During the -- are you aware of
when the PCU was |ast overhauled on the accident
aircraft 427? Do you renenber?

THE W TNESS: I"'m sure that we had the
records if it had been in house, but | can't tell you
when it was.

MR MARX During this overhaul, would they
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be taking sonme of the conponents apart and getting
inside the PCU at anytine?

THE W TNESS: Depending on what they found
wong, yes, they could.

MR MARX What type of procedures are used
to make sure that no contamination is introduced into
the servo valve during these overhaul s?

THE W TNESS: Procedures per se, | don't know
of any that we have. W have clean stands and clean
test areas and they're kept that way. W have quality
control, who's always checking. | don't know of any
problens at all.

MR MARX There's been a lot of talk about
silting. I think you' ve already answered this
guestion, but do you know what effects would be on the
servo valve? Wuat a person wuld look for if they had
any evidence of silting?

THE W TNESS: What they would |ook for?

MR MARX: Yes.

THE W TNESS: Well, if you' re talking about

checking the fluid for silt, they would have to take a

sanple and send it out. If you're looking for sone
sort of damage, |1'm not aware of any nyself.
MR MARX Is there other types of things
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that happen to the valves, such as erosion, that occur?

THE W TNESS: Years ago, there was a very
serious erosion problem Now, they go for years wth
no erosion.

MR MARX: And is that erosion right away
apparent when you |ook at the valve?

THE W TNESS: One would see that reasonably,

yes.

MR NMARX: Eyeball it -- could you eyeball
it?

THE W TNESS: In sonme cases, Yyou can eyeball
it. But nost of the cases, they look at it under a

m croscope.

MR MARX: Thank you.

CHAI RMANHALL : M. Schl eede.

MR,  SCHLEEDE: Yes, sir. Some follow up to
M. dark's question. Wally, when you were nentioned
that a couple of units that had cone in after sone
events and had been either inproperly torqued, do you
recall that discussion?

THE W TNESS: Yes, | do.

MR. SCHLEEDE: You said there were a couple
of events. What do you recall were the events that

pronpted them to be sent to your facility?
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THE W TNESS: | don't recall what the airline
event was. They brought it into our facility. And
like | say, we had people in there that cane with it.
The tests were run.

MR. SCHLEEDE: Are you aware of a unit that
cane off of Sahara Airlines 737 that had an accident in
I ndi a?

THE W TNESS: I'"'m aware of the fact that we
had one in from Sahara. | can't give you the details
at this tine.

MR. SCHLEEDE: Did you work on that one at
all?

THE WTNESS: No, | didn't work on it.

MR. SCHLEEDE: And you say you don't know the
details of it?

THE WTNESS: No, we have them back there,

but I'm not there to see all the testing that goes on.

MR. SCHLEEDE: | just wanted to know if you
were aware of the circunmstances on that one. That's
all the questions | have. Thank you.

CHAI RMAN HALL: M. Laynor has no questions.
I"ve got just a few questions, Wally. Agai n, thank
you. | appreciate the tour you provided ne when | cane

out to look at your facility. How | arge an
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organi zation is Parker-Hannifin and what different
types of products does your conpany manufacture?

THE W TNESS: Wll, we -in the aerospace
group, We manufacture engine valves, we manufacture
nost of the flight controls used on airplanes, and we
have a lot of check valves that are |ocated throughout
the airplane business.

CHAl RVAN  HALL: And the facility you were
responsible for, were you in the manufacture or the
service end of the operation?

THE W TNESS: Servi ce.

CHAl RVAN  HALL: And your service shop, did

just have this one rudder PCU com ng through or were

there other things that were coming through for repair?

THE WTNESS: No, we have nany, many
different types of wunits comng through.

CHAI RVAN  HALL.: Could you give us an idea of
just sone of the things that would cone through?

THE W TNESS: Wll, the ailerons, the
el evators, the leading edge slaps, the flats, the
rudders, all kinds of engine valves.

CHAI RVAN  HALL.: How many enployees do you
have at that particular |ocation?

THE W TNESS: About  380.
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CHAI RVAN  HALL.: About 380. And the power
control unit that we're talking about in this
particular hearing, what particular pieces nake that
up? | know the servo valve's in there. What else is
in there?

THE W TNESS: There's a main manifold and a
cylinder assenbly.

CHAl RVAN  HALL: When was that first
manuf actured, do you know, by Parker?

THE W TNESS: CGosh, | guess | would have to
defer to soneone else on that. I don't know what the
original start date was on that.

CHAl RVAN  HALL: But you' ve been responsible
for that. How long were you responsible for the
operation of that service unit?

THE W TNESS: For about 20 vyears. I n-
service, we started about 20 years ago.

CHAl RVAN  HALL: An average year, about how
many of those power control units would come through
your operation?

THE W TNESS: Prior to the AD, probably 220
to 280. Sonewhere in that range.

CHAl RVAN  HALL: Now, you don't know what one

of those things would cost, do you?
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THE WTNESS: No, sir, | don't.

CHAl RVAN  HALL: But | assune Boeing buys them
from Parker and they're set up and placed in an
ai rpl ane?

THE W TNESS: There's sonme arrangenent, vyes.

CHAl RVAN  HALL: And there's no particular
service life to them So they could be around for how
long? Indefinitely?

THE W TNESS: Yeah, | don't know of a tine
when they are ever renoved from service.

CHAl RVAN  HALL: Is that typical for the other
airplane parts that you are responsible for?

THE W TNESS: Yes.

CHAl RVAN  HALL: Very well. You were -- this
particular power control wunit is just used in the 737.

THE W TNESS: That's correct.

CHAI RVAN  HALL: But you do repair other power
control units?

THE W TNESS: Many.

CHAl RVAN  HALL: Many. At this sanme facility.
What is your procedures that you follow? You all have
the manufacture and then you service. Do you have a
tracking system so that you can feed back to the

manufacture if there are inprovenents that need to be
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made in the unit?

THE W TNESS: Yes, we do. The reliability
program which is in our conputer system is available
to all divisions.

CHAl RVAN  HALL: How [ong has that been the
and could you give us just a brief description of how
that works?

THE W TNESS: It's been there probably maybe
five years. I"m not sure on the date, but
approximately four or five years.

CHAl RVAN  HALL: Was that before or after the
Colorado Springs accident that the reliability program
was put in place?

THE W TNESS: It was in place before then.

CHAl RVAN  HALL: Were there any changes to the
reliability program nmade as a result of the Colorado
Springs or Pittsburgh accident?

THE W TNESS: | dn't think as a result there
wer e. There may have been sone downstream There may
have been some prior to that.

CHAl RVAN  HALL: Did FAA or Boeing request
that you make any changes in how you tracked your
repairs on these rudders as a result of any one of
t hose accidents?
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THE W TNESS: I'"'m not aware if they did.

CHAI RVAN  HALL.: Did you all generate -- you
were famliar with those two accidents, weren't you?

THE W TNESS: Yes, sir.

CHAI RVAN  HALL: | believe you were at the
sites.

THE W TNESS: Yes.

CHAI RVAN  HALL.: Did you feel any need for you
all to take a closer look in terns of anything in
regard to the servicing of those 200 to 250 PC units --
PCU units that canme through your shop as a result of
those two accidents?

THE W TNESS: Wll, | think that sone of the
inmpressions | canme back with were lasting and | think
there was tightening of the belt as a result of that.

CHAl RVAN  HALL: But no particular changes in
the procedures?

THE WTNESS: No, the procedures were pretty
well in place.

CHAl RVAN  HALL: You felt confortable with the
procedures that you had?

THE W TNESS: Yes, we did. Yes.

CHAl RVAN  HALL: You've, |'m sure, have read

much nmore than | have in regard to this unit. I know
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that you have a great -- a nmuch greater deal of
technical knowl edge than | do in regard to this wunit.
Is there anything that we should be doing in this

i nvestigation? W've talked about a silting test

yest er day. Is there anything that you all should be
doing at your conpany that you would recomend to us to
help us try to determine if there was any type of

mal function of this particular unit?

THE W TNESS: I think that anything | mght
suggest is already in place and being done.

CHAl RVAN  HALL: I'"'m sorry, Wally, what?

THE W TNESS: I think the things that | m ght
think of, they're already in place. Everything's
pretty well covered, | think already.

CHAl RVAN  HALL: How many custoners, other
than Boeing, use hydraulic cylinders, manufactured by
your operation or serviced by your conpany?

THE W TNESS: Wen you say "custoners," are
you talking prime contractors?

CHAl RVAN  HALL: MM hmm

THE W TNESS: Gosh, we probably have,
starting with the governnent, we have many airlines all
the way through the conputers and bus. jets. So

there's many of them I couldn't guess the nunber.
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CHAI RVAN  HALL: Any that have a simlar
design to this particular unit?

THE W TNESS: I think that when you say
simlar, vyou're talking cylinders and manifolds, nost
of them are built along that Iine. They're all a
l[ittle bit different.

CHAl RVAN  HALL: They have concentric valves
with then?

THE W TNESS: One or two of the others nay
have dual concentric valves.

CHAl RVAN  HALL: You followed this subject of
the hydraulic fluid?

THE W TNESS: I'm sorry?

CHAl RVAN  HALL: The subject of the hydraulic
fluid and the contam nation --

THE WTNESS: GCh, yes.

CHAl RVAN  HALL: -- and you were here
yest erday?

THE W TNESS: Yes.

CHAl RVAN  HALL: Do you think there should be
any suggestions that you would nake to this -- what is
it -- SAE team that may be looking at hydraulics or do
you all have anybody from Parker that participates wth
that group?
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THE W TNESS: I"'m a nenber of the SAE |I'm
on the A6 -- | was on the A-6 panel.

CHAl RVAN  HALL: Did you assist them in their
wor k?

THE W TNESS: Not in that particular area,
no. But | think what they're doing is pretty conplete.

CHAl RVAN  HALL: Ckay. Any other questions?

(No response.)

CHAI RVAN  HALL.: Wll, M. Wlz, we appreciate
very much your presence here and join the others in
congratul ations on your retirement and 35 years of
servi ce. You' re excused.

THE W TNESS: Thank you.

(Wtness excused.)

CHAl RVAN  HALL: W will take a 15 mnute
break and reconvene at 10:15 for the next w tness.

(Whereupon, a short recess was taken.)

CHAl RVAN  HALL: Pl ease be seated, so we can
reconvene this board. W will call as the next
witness, M. Tom McSweeny, the Director of the Aircraft
Certification Service for the Federal Aviation
Adm ni stration, Washi ngton, D. C

(Wtness testinony continues on the next

page. )
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TOM Mc SVEENY,
was called as a witness by and on behalf of the NISB,
and, after having been duly sworn, was exam ned and
testified on his oath as follows:

CHAI RVAN  HALL: Wl cone, M. MSweeny. W
appreciate you being here. I would ask individuals if
you're going to have conversations, to take them
outside the room

MR,  SCHLEEDE: Thank you, M. Chairnman. M.
McSweeny, please give us your full nane and business
addr ess?

THE W TNESS: Thomas E. MSweeny. MW
busi ness address is 800 Independence Avenue,
Washington, D.C

MR. SCHLEEDE: What is your position at the
FAA?

THE W TNESS: I'"'m Director of Aircraft
Certification Services.

MR.  SCHLEEDE: Could you briefly describe
your duties and responsibilities in that position?

THE W TNESS: The organization that | manage
is responsible for all design, production, and
continued airworthiness of aircraft products.

MR. SCHLEEDE: Wuld you expand a little bit
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as to who and what organizations are directly under
your authority?

THE W TNESS: W have two divisions in
Washi ngton; one that is responsible for production and
airworthiness, one that is responsible for general
engi neeri ng. And | have four directorates that report
to ne, who are responsible for all matters with regard
to various products. Those products being |arge
ai rplanes, small airplanes, engines, and helicopters.

MR.  SCHLEEDE: Thank you. Could you give us
a brief description of your education and background
that brings you to your present position?

THE W TNESS: I have a nmaster's degree in
aerospace engi neering. I worked with the industry at
Northrop Aircraft for about eight years before | cane
to the FAA | have 22 years at the FAA in various
j obs.

MR. SCHLEEDE: Thank you. M. Phillips and
M. Jacky wll be follow ng up.

MR.  PHI LLI PS: Thank you. Good nor ni ng.

THE W TNESS: Good norni ng.

MR, PHI LLI PS: I would like to start out our
di scussion this nmorning on the critical design review

Were you responsible in any way for the formation or
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the concept for the critical design review?

THE W TNESS: Yes, | was partially
responsi bl e.

MR.  PHI LLI PS: How did that cone about, do
you recall how that was instituted?

THE WTNESS | recall a phone conversation
with M. Don Rig-gin, the nanager of the Aircraft
Certification Ofice in Seattle. I think at the tine,
he was acting for M. Ron Wjnar, who reports to ne.

W were discussing the events of Pittsburgh and what we
m ght do next and the concerns we had about the |ack of
definitive findings coming forth. W talked a little
bit about what mght be the next step.

He, at that time, recommended the CDR It
happened to be the same kind of thinking I was having
at the tine. So that was ny involvenent in the
formulation of it.

MR.  PHI LLI PS: Did you, at that tine, discuss
any of the foundations or the ground rules that the CDR
woul d be conducted under?

THE W TNESS: Yes, we did. W tal ked about
issues relative to bringing on board people who did not
have past experience with the 737. Qur rmain objective

was to develop an effort that was not biased in any
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way. W didn't want any piece of information tossed
out because sonebody might have concluded prematurely
that well that wasn't inportant.

W also talked about bringing people from
outside the FAA that mght have just a different | ook
at the world. Every organization, as you know, has a
culture within it, and we felt it was very inportant to
bring people from outside the FAA into that effort.

But we also wanted them to have the kind of experience
that we thought would contribute to that team

MR, PHI LLI PS: Was this CDR nodeled after any
previous CDR?

THE W TNESS: Well, the operation of the CDR
is fairly typical, gathering of information and data.
But this one was different in that it brought people
outside the FAA That has, to ny know edge, not been
done before.

It also in formng the team because we were
| ooking at the PCU and the control systens and we
wanted to -- we were eventually going to |ook at
failures, possible failures, we constrained the team
from looking at probability of failures. W want ed
them to only gather that information, which they deened

to be possible and let sonmebody else deal with the
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probabilities.

Again, we did not want them to throw out a
piece of information prematurely. VW wanted it all
down on paper and then we would deal with it. That was
uni que. | don't renenber that ever being done before.

MR, PHI LLI PS: So you expected this team to
give you a list if they found a failure, whether it was
probabl e or not. As long as it was possible, you
expected to find out about it from this teanf

THE W TNESS: W specifically -- ny deputy
and nyself net wth the team at one of their first or
second neetings. W were very clear in that regard.
W didn't want them to ignore anything and we wanted
the possibilities to be identified. Then later, we
would determne the probabilities of those
possibilities.

MR, PHI LLI PS: Dd that team at any tine ever
attenpt to define the probabilities before they issued
the report?

THE W TNESS: Not to ny know edge, no.

MR, PHI LLI PS: Has there been any additional
work within the FAA after the report's been issued to
| ook at probabilities?

THE W TNESS: Vell, the recommendation to the
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Seattle ACO deal with just that, to establish the
probability of sone of the failure nbdes. And t hat
effort is ongoing. We've heard previous testinony that
docunents have been subnmitted to the FAA W're in the
process of reviewing those and evaluating them 11
sure there will be nore exchange between the FAA and
Boei ng.

MR.  PHI LLI PS: Along those lines, when do you
expect the review of those docunents to be conplete?

THE W TNESS: In discussions |'ve hadwth
the transport directorate, they indicate that they wll
be conplete by the end of this nonth. | don't know if
the recent shut down and furlough is going to change
that or not, but that was their plan.

MR,  PHI LLI PS: Wat's the process after the

conpletion of the FAA's review, what wll happen next?
THE W TNESS: Vell, we would nmake a decision
on what steps to take next. Whether it was a nmandatory

change of sone sort or just a service bulletin approval

or sonething like that. W do intend and it was raised
early in this hearing -- we do intend to publish a
final document that wll summarize in explicit detail

everything we have done on every recomendation.

W believe it's inportant to nake that
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i nformati on avai |l abl e.
MR, PHI LLI PS: Have you had any additional --

did this CDR lead to your concept for an additional CDR

for any other aircraft. Are there plans for additional
CDRs?

THE W TNESS: I mssed the first part of
t hat .

MR, PHI LLI PS: Has this CDR generated
requirement for additional CDRs for other aircraft?

THE WTNESS: No, there are no other CDRs
that have been spun off this particular one. W did do
a CDR on another aircraft, but it wasn't connected in
any way to this one.

MR, PHI LLI PS: You' ve done another one since
this CDR s stopped and started?

THE W TNESS: Yes.

MR, PHI LLI PS: Yesterday we discussed with
M. Zielinski the concepts of failure analysis and
FMEAS. W had several terns. I would like to talk
about that just a little bit in ternms of certification.
Again, yesterday we heard testinony that at the tine
the 737 was certified was in the 1960 tinme period?

THE W TNESS: Correct.

MR, PHI LLI PS: W're correctly looking at a
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new generation of aircraft in the 737 series; the 600,
700, 800 series. Is that correct?

THE W TNESS: That's correct.

MR, PHI LLI PS: Are we -- is the FAApamng
to certify those aircraft to the standards of the
1960's era requirenments?

THE W TNESS: W have an effort with every
manuf act ure. That it's an effort that began about five
years ago to upgrade the certification basis on
derivative aircraft to the highest degree that is
practicabl e.

W are in discussions with Boeing, as we have
been with other manufacturers, to raise the
certification basis of that aircraft as close as we can
to today's standards. But one thing that | think is
important to recognize is that every aircraft has nany,
many systens, nany, many parts of the aircraft are
operating properly.

There is no problem with them And, quite
frankly, it does not nmake a lot of sense to change
t hose. So we look at -- we would |ook at each el enent
of the aircraft separately, each rule separately, and
we're in that process right now with Boeing on the

derivative 737.
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MR.  PHI LLI PS: At the tinme of the initial
di scussions about derivative certifications, who's
involved in those discussions? At what |evel of the
conpany at Boeing do you talk to?

THE W TNESS: Really at all |levels. The
technical people are talking to better understand the
technical issues. There mght be issues where md-
| evel nmanagenent gets involved, and there mght be a
need for wupper nanagenent to get involved.

MR, PHI LLI PS: Utimtely, who decides then
what level of certification basis is adequate for that
ai rpl ane? \Were does the buck stop?

THE W TNESS: The Aircraft Certification
Ofice is the one that determnes that. Now, it is
real obvious, |'m sure, to many that even nyself -- |

would be involved in at |east knowing what that

certification basis is. And in the case of a 737, | am
awar e. I have read the early copies of the issue
papers that deal with the certification basis. | am

not, at this point, naking the decision, though.

MR, PHI LLI PS: Do we have a tine table for
that decision? Is it inmmnent?

THE W TNESS: I don't know. | really

couldn't say.
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MR.  PHI LLI PS: Is the certification basis
decided before the airplane goes into production?

THE W TNESS: Qur goal as the manufacture is
really to try to get that conpletely resolved before
the airplane is fully designed. It is very difficult
if the design has to be changed at the last mnute.

So we really try to get that resolved as
early as possible.

MR, PHI LLI PS: Do you recall a certification
basis ever being changed for an airplane after it's
been in production for sonme period of tinme? Have you
ever gone back and made an attenpt to recertify an
airplane to a newer standard after sone years of
production?

THE WTNESS: No, | don't ever recall that
happeni ng. You could, though, nmake an argunent that

when we issue an airworthiness directive, we are in

effect changing the certification of the basis, because

we are defining by that airworthiness directive a
particular |level of safety on a particular conponent
that nmust be conplied wth.

It is really through the airworthiness
directive process that we, in essence, upgrade the

certification basis of the aircraft when it is deened
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necessary because of an wunsafe condition.

MR.  PHI LLI PS: Does that fall into our
di scussions yesterday on the continuing airworthiness
side of the house?

THE W TNESS: Yes. Yes, it certainly does.

MR, PHI LLI PS: Is that -- in your opinion
from your position as FAA senior mnanager, does that
system work well as a continuing airworthiness
approach? Does that guarantee safety of the fleet of
any type of aircraft?

THE W TNESS: The continued operational
safety effort with an aircraft certification has, |
think, really stepped up in the last three or four
years. It is, in fact, our highest priority. If there
is any choice that an aircraft certification engineer
or inspector makes day in and day out, if there's a
continued operational safety issue on their table,
that's what gets done first. And it is that change |
would say in the cultural thinking, that we've
acconplished over the last four or five years.

W have seen, | think, sone very significant
i mprovements in tracking service difficulties and
maki ng corrective action.

MR, PHI LLI PS: Wat's notivated that change
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in corporate thinking over the last three or four
years?

THE W TNESS: What notivated it was stepping
back and thinking about what our reason for existence
was. What was the nost inmportant thing we could do.
Wat's the best way we could spend our dollars, since
we don't have unlimted dollars. It doesn't take 1ong
to think through that and realize that keeping the
system out there as safe as we can is our nunber one
priority.

MR.  PHI LLI PS: Back into an earlier statenent
I nmade about failure analysis and hazard assessnents,
is that, in your opinion, a vital part of
certification?

THE W TNESS: Yes, it is.

MR.  PHI LLI PS: Has it changed over the years,
the approach to analysis?

THE WTNESS: Oh, yes. Yes. W have gone
from what used to be single-failure thinking to now
rules that talk about single failures nust be accounted
for and multiple failures not shown to be extrenely and
probable mnust also be accounted for. So that's what
leads to -- basically, as was nentioned earlier, led to

the faulty analysis techniques that we have with us
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t oday.

MR, PHI LLI PS: The CDR report references a
nost rigorous nethodology available, as far as hazard
assessnent failure analysis, and relates the thrust
reversal review that was done a few years ago. Can you
think of any other hazard assessnent or failure
analysis that fall into the sane category of rigorous?

THE W TNESS: | would say the 777 was one. |
would say the failure analysis that was done on the
ai rbus 320, being the first all-electric airplane, was
anot her one.

MR.  PHI LLI PS: Have you considered taking
those nmethods of analysis back into older airplanes in
production to see if you may have mssed sonething?

THE W TNESS: Vll, we haven't really thought
about that.

MR,  PHI LLI PS: Does it seem like a |ogical
idea to put together a team to do failure analysis
assessnents on older production aircraft?

THE W TNESS: It would be sonething that
certainly could be done if we had enough resources to
do it and we felt that it was a priority thing to do.

I think the key about |ooking back is saying to

yourself, do you have enough information that |eads you
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to believe that that's the best use of your resources.
Going back and recertifying aircraft to today's
st andar ds.

I think you have to recognize, to start wth
the recognition that the CFR the standards that we
have for the design of aircraft, are sinply the best
shot anybody has today at trying to define what a good
aircraft should look Ilike, what criteria should it
neet . But once an airplane is out there operating,
it's talking back, so to speak, to you all the tine.

It's really that operation, those years of
operation, that tell you whether you really did the job
you should have done. That operation does tell us,
fromtime to tine, we need to make changes. From tinme
to time, it also tells us that there are airplanes that
have never had accidents. Qbvi ously, something was
done very, very right there. And we have to learn from
bot h.

As far as just systematically going back, we
have not really considered that.

MR.  PHI LLI PS: Is the review of the success
of a fleet, is that a subjective review? The fact that
one type of aircraft has never had a crash versus

several <crashes, has that ever entered into a decision
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to change regulations?

THE W TNESS: Well, regulations are changed
sonetimes, because of accidents. Regul ations are also
changed because we are snmart enough to realize that
there is a better way of doing sonething regardless of
whet her there is an accident. I don't -- | think they
probably fall evenly on both sides.

MR, PHI LLI PS: W had sone testinony
yesterday in regards to 25.1309, which is an advisory
circular, which adds sone definition to the probability
-- using probabilities in failure analysis. Can you
give ne just a brief discussion or opinion about the
viability of taking advisory circulars beyond the 1309
type to apply to other regulations, other portions of
the FARs?

THE W TNESS: I"'m not so sure | understood
that question. Sorry.

MR, PHI LLI PS: Let me try it a little

differently. Thirteen Onine specifically is a fairly
new -- has been revised recently to cover very specific
regul ation. It talks about probability. If you wanted
to -- say you have 25.671, which is flight control's
definition. Wuld you want to generate advisory
circulars independent of -- well, let's back off that
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guesti on. I"ve lost ny train of thought there.

Let me back up a little bit. I"'m trying to
think of a way to rephrase this. Let's go through the
process of creating an advisory circular. How is that
deci ded? Wien did you decide an advisory circular
needs to be created?

THE W TNESS: It kind of depends on what the
rule -- how the rule reads. W have many rules that
are very objective in their safety goal. When vyou
start applying them to specific technology, many tines
there's interpretative material that is necessary to
say yes, this particular design is done a certain way.

W'll, in fact, nmeet this rule or regulation.

The advisory circular sinply capture that
sonetinmes before and sonetines after we have been
exposed to that technol ogy. They present a schene that
tells the industry if you follow this schene, you have
the expectation that the FAA wll accept it.

If they deviate at all, then, of course, we
look top to bottom at their whole schene and conpare it
with the rule. So the advisory circulars are of great
benefit to the industry, because it really gives them
when they're mnmaking their design decisions sonething

that they can shoot at. It says, if | do it this way,
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I know the FAA will accept it.

MR.  PHI LLI PS: So advisory circulars are
generally witten as additional interpreted material
for regulations?

THE W TNESS: Ri ght. Advi sory circulars
t hensel ves cannot be applied as regulations.

MR.  PHI LLI PS: Do you have ever go back and
rewite the regulation based on the interpretation
that's been provided in an advisory circular?

THE W TNESS: I can't think of any cases now,
but I know we have in the past changed rules, because
of when we start looking at the application of them
we' ve discovered sone things. Yes, but as | say, |
can't think of any right now.

MR.  PHI LLI PS: Let's go back to a discussion
yesterday about the certification basis for the 737
series of airplanes. What is your wunderstanding of the
level of probability of failure that was required for
certification of that airplane? Could we -- did that
airplane have to denonstrate capability to continue to
safely operate with a single failure?

THE W TNESS: From all the information 1've
seen, it was basically a single-failure requirenent

that were applied to that aircraft at that time by the
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FAA regul ati ons.
MR.  PHI LLI PS: The testinmony we heard
yesterday, today the certification would be different?
THE W TNESS: It would be single failures and
multiple failures not shown to be extrenely inprobable.
MR.  PHI LLI PS: And extremely inprobable one

nmore tine neans what?

THE W TNESS: It nmeans -- an extrenely
i mprobable event is one that would occur -- first of
all, it would be a series of events that would

jeopardi ze a continued safe flight in landing of the
aircraft, and it would occur once in the lifetine of
that fleet of aircraft. It would be expected to occur
no nore than once in that entire lifetinme.

MR.  PHI LLI PS: And do you agree with M.
Zielinski's discussion yesterday that engineering
judgment -- when you don't have operational data to
support a probabilistic analysis, engineering judgrment
is adequate to certify an airplane on?

THE W TNESS: Yes, | truly believe that the
engi neering judgment, based upon the Kkinds of
experience that people have when they cone to the FAA
is certainly adequate.

CHAIRVAN HALL: M. Phillips, excuse nme just
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one nonent. M. Laynor has a clarification question he
would like to ask.

MR.  LAYNOR Tom |I'm wondering if you can
describe the single-failure concept? Do you nean that
the airplane nust be capable of continuing flying
safely after tolerating a single failure? Is that the
basis for this?

THE W TNESS: Yes, it is. And the failure
could be either a novenent of a control, for instance,
to a full deflection or it could be a jam or it could
be a breaking of any elenent of the control system

MR,  LAYNOR So the original certification
back in 1967 would have accounted for any of those
possibilities and the airplane should have been able to
tolerate that?

THE W TNESS: To the best of ny know edge,
reading only docunents because | wasn't there, vyes, |
think that's what it was.

CHAl RVAN  HALL: Pl ease proceed, M. Phillips.

MR.  PHI LLI PS: So following along M.

Laynor's question there, so if a control surface was
fully deflected, that would not be cause of [|oss of
control of that airplane or would you not expect a

control surface to be fully deflected?
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THE W TNESS: At the time of the
certification, the best knowl edge we have is that the
aircraft was not designed for full deflection. When we
tal ked about janms, when we talked about failures, it
was from the expected deflection of the control system
Again, we're sonewhat hanpered by the fact that there
are no people around in the FAA that were there then.
But the best we can get from the information we have
and trying to resurrect things is that the aircraft was
designed for single failures and for jams within a
reasonabl e range of expected |ans.

MR, PHI LLI PS: This falls into the category
of normal encounter that we talked about yesterday?

THE W TNESS: Absol ut el y.

MR, PHI LLI PS: Do you have the sane concerns
with the definition of normal encounter as M.

Zielinski and the CDR teanf

THE W TNESS: I wouldn't say | have the sane
concerns. I would say | think M. Zelinski's concerns
are valid and need to be |ooked at.

MR, PHI LLI PS: Do you have a plan or does the
FAA have a plan of attack for that?

THE W TNESS: Yes, we do. In fact, | think

if ny menory serves ne correct, the advisory circular
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is in final draft. That deals with the definition of
that and a couple of other terns that the CDR reports
asked for definitions on.

MR PHI LLI PS: So nornmal encounter to you
woul d be something that you would -- a place where you
expect a flight control to be in a normal flight?

THE W TNESS: That was the definition that
was used back then. | believe | would say that would
probably be the definition | would use now, as well. |
really hadn't given that nmuch thought about today how
would | define it.

MR,  PHI LLI PS: Just a few mnutes ago, we
were discussing engineering judgnent, and you said that
it lies in the engineers in the certification offices.

What kind of backgrounds and qualifications do you
require of your certification office engineers?

THE W TNESS: Wll, | nmay not use the word
"require." Let ne just use the words "what Kkind of
people do we nornally hire," because there are really
no requirenents. Most of the people, with very few
exceptions, that conme to the aircraft certification
organi zation have years of experience. | would say
nost of them nore than five years experience with the

i ndustry. If they're engineers, they've worked wth
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one of the design organizations in the United States.
If they are inspectors, they ve been either with a
manufacturer or with the Ar Force.

It's very difficult for us to train a large

nunber of enployees directly out of college. Real |y
what needs to have -- what needs to be seen by
everybody is both sides of every issue. If you' ve been

out there trying to deal with the engineering and
sciences in the design of products, you have one view.
The FAA, you have a slightly different view Sci ence
hasn't changed, but just kind of the view has changed.

W think the nmeriting of those two is really
the best kind of person for us. I would just point to
M. Cook, Wrner Koch, in the exanple that he spent
many, many years in industry before he came to the FAA
Those people are instantly full performance as far as
we're concerned.

MR.  PHI LLI PS: It seems to ne that the
engi neering judgment that you expect of these engineers
is very vital to the safety and continued airworthiness
of the fleet. Do you agree?

THE W TNESS: Yes, it is.

MR.  PHI LLI PS: Is there oversight of an

engi neer -- does the final decision for an
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airworthiness directive or any kind of an action,
regul atory action by the FAA lie on one person's
shoul der s?

THE W TNESS: The nmjor decisions wusually do
not . There is consultation with nore senior engineers.
In fact, we are instituting just this year a senior

engi neer program within the FAA wth an associated
grade raise and everything that goes with it, to
encourage them to be facilitators of technical issues,
to be the ones that the junior engineers cone to. The
supervisors also generally have years and years of
experi ence. There's consultation.

W do try to educate and help the enployees
reach the right decisions, to reach the decision that
is reached, rather than make it for them though.
That's generally a cultural thing that we have.

MR PHI LLI PS: Wen an engineer wites an AD
-- and I'Il wuse for an exanple the airworthiness
directive directed towards the servo valve in this
rudder power control unit. In sone earlier discussion,
we heard there was a five-year conpliance state. Coul d
you tell nme how that engineer is part of the plan of
saying that's acceptable or wunacceptable? Wat would

he do?
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THE W TNESS: Well, the engineer in the
Aircraft Certification Ofice that drafts the AD is the
one that consults with the industry. Either that would
be the Ar Transport Association, if it were a l|arge
aircraft like we're talking about, or the Regional
Aircraft Association if it was a comuter. From t hat
consultation, they get information.

If it's an AD with coments, if we put it out
first as an NPRM for coment, we, of course, receive
comments from anybody who is interested during that
process. If it's an energency AD, the consultation
with industry wusually is a little nore expanded than
what it would be if we were going out with an NPRM
Qur desire is to get it right. Qur desire is to get
the right kind of input, both from the manufacture and
the operators that will use the -- wll be required to
neet the AD.

The Air Transport Association has a recent
program where they have what they call lead airline,
which really facilitates our getting the right Kkind of
i nput, because the lead airline literally tries to
comply with the AD before it's even issued to see if
it's practical, whether you can do it, can you get at

that conponent the way we said, the way the
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manuf acturer  says.

It's really the operators that wunderstand how
the maintenance is done on the aircraft. So that
engi neer would be the one to do that.

MR.  PHI LLI PS: Did we use a lead airline in

the AD for the servo valve nodifications? Do you

recal | ?

THE W TNESS: I don't really know

MR PHI LLI PS: Is the lead airline concept
new?

THE W TNESS: It's only a couple of years
old, yeah.

MR.  PHI LLI PS: The airlines are selected as
|ease airlines for any particular reason?

THE W TNESS: Because they probably have the

nost nunber of aircraft of that particular type. It's
a function of type of aircraft. And that selection, by
the way -- | nean, that's a consultation that goes on

between the manufacturer and the airline to develop the
right service bulletin. The FAA is just on the outside
of that. I mean, it's not really a legal consultation
in any sense of the nanner.

MR.  PHI LLI PS: Yest erday, we heard testinony

from M. Newconbe. Do you -- are you a manager who
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oversees M. Newconbe's work?

THE WTNESS: No.

MR.  PHI LLI PS: Are you famliar with the work
of the AEG?

THE W TNESS: Yes, | am

MR, PHI LLI PS: How do you see the AEG in
relationship to the aircraft certification service?
Wat's the relative level of inportance?

THE W TNESS: It's an inportant relationshinp.

It's a relationship that | many tinmes discuss with M.
Bill Wite, the Deputy Drector of Flight Standards,
which is responsible for the AEG Wien aircraft
certification in the early "80s was created, it was
realized -- actually, then it was called the Ofice of
Ai rwort hi ness.

It was realized that there needed to be an
operational input into many of the decisions that we
make, maintenance manuals, whether particular ADs can
be even acconplished in-service. So the AEG was
created to form that bridge between the operations and
the «certification. I think it's worked quite well

MR, PHI LLI PS: Along the lines of SDRs,
service difficulty reports, what's your opinion of the

ef fectiveness of that systen?
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THE W TNESS: I think this system is
performing the function that needs to be perfornmed. W
are, though, in the process of trying to inprove it.

W have an effort that was prototyped in Fort Wrth on
helicopters to do safety analysis of the service
difficulty reports. To take the data that is in

&l ahoma City and start analyzing it. Start anal yzing
it along with the accident and incident database. And
that system has proven to be worth expanding.

So we've expanded it into snall arpases
and we're now in the process early -- the very early
process of trying to expand it into the transport
ai rpl anes, because far nore service difficulties get
reported in the transport airplanes.

MR.  PHI LLI PS: What kind of people would do
analysis in this progranf

THE W TNESS: The program engineer for the
discipline that the service difficulty is related to
woul d be the one. That capability would exist at his
or her desk. I'm a firm believer that that's where it
has to be. They have the know edge, | think, of the
product . It's an air framer. They understand the air
frane on that product. They actually are the ones that

can understand whether a single event is inportant.
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There are very few tracking systens and
algorisnms that |'ve seen that can identify when a
single event is inportant. But the person that
understands the structure or the system or the power
plant is the one that can do that. So we have it up on
the conputer of that person that is really responsible.

MR,  PHI LLI PS: It seensthat the operators
would be an inportant part of this process, too. Do
you have a nethod in place to take advantage of the
reliability systens operated by the operators?

THE W TNESS: In the engine area, we do. W
are sharing an enornmous anount of data with the engine
manuf acturers, large turbo fan engine manufacturers,
under a program which we called CAMB, CA-MS. Don' t
ask nme what it nmeans. | can't renmenber the acronym
But it is a program where we start to do safety
anal ysi s. It is very encouraging. It's, again, inits
early stages.

W are also looking at in the long term
trying to do the sanme kind of large data retrieval wth
transport  airpl anes. It's not just -- and we're going
beyond just the warranty stuff. There are several
dat abases out there that are being gathered to track

events. And we're really looking at trying to see if
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in the long term we can design sonme kind of a conputer
engine that just goes out and finds all of this data,
brings it all in, analyses it, and starts flagging what
needs to be done.

It's interesting that the one | talked about
in Fort Wrth actually flags. If it flags something,
it conmes up on the engineer's conputer, and they cannot
log in to their conputer to do anything else, until
they deal wth that service difficulty issue. So
that's the kind of inportance that we've given to those
particul ar probl ens.

MR.  PHI LLI PS: Wiy does that program exi st
just for the engines right now? Wy did you start wth
t hat ?

THE W TNESS: Because that's -- well, why we
started with it? | think it was probably one or two
people in our New England engine directorate that had
the vision along with the manufacturers and there was
cooperation through sone of the societies. SAE has
been nmentioned. And that would be the only reason |
think it was done there first.

MR, PHI LLI PS: Do you have any tine table for
i mpl emrentation in the program any hopes?

THE W TNESS: VWll, | nmean, we're using the
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CAMS program right now. W see sone inprovenents
probably being made from it. As far as expanding the
service difficulty program into large airplanes, it's
probably a couple, three years away.

In the nmeantine, we're totally confortable
with the present system of the mnmanual review of the
service difficulties.

MR.  PHI LLI PS: Let's get back into the CDR
report for just another short period here. One of the
recommendations or one of the concerns was about fluid
quality in aircraft systens. Are you famliar wth

that portion of the CDR report?

THE W TNESS: Yes, |'m sonewhat famliar with
it. Al though, 1'm not really an expert on fluid
quality.

MR.  PHI LLI PS: I think we heard earlier

testinony that sone manufacturers require a mninum
standard for fluid cleanliness, while others require --
leave it up to the operators. And we've also heard
testinony that the FAA doesn't require a mninm
st andar d. Is there any thought in your mnd towards
changing that?

THE W TNESS: Well, certainly our request of

SAE is an openness to |look at whether or not we should
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change it. Li ke everything else that we do, we work
gquite hard to not restrict design and not overly design
products. W think that the people who design the
products are better at it than we are.

If it was a safety need to do it, | would
certainly support that. Absent a safety need, | would
be fearful that we mght constrain sone free thinking
on sonebody's part to define a better wdget by the way
we regulate the fluid particulate.

So I would want to look at very carefully to
insure that there was a safety reason to do it.

MR, PHI LLI PS: In your opinion now, is there
a safety reason to do that?

THE W TNESS: I don't know. M mnd is wde
open right now

MR, PHI LLI PS: Have you heard any testinony
this week or has anything we've done so far in this
investigation incline you to think we need to do
sonet hing additional?

THE WTNESS: No, | think the key is to |et
the A-6 commttee and SAE conplete their task.

MR, PHI LLI PS: You nentioned the A-6
conmttee and the SAE. Is the FAA affiliated with the

SAE in any other actions or activities?
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THE W TNESS: Yes, we have a significant
nunber of engineers and inspectors on SAE conmmttees.
|, myself, am on the aerospace council that manages the
cooperative engineering program under which all of
those standards are devel oped.

W reference many of the SAE standards in our
technical standard orders, TSGs, and we think that our
invol vement in those commttees and ny involvenent in
the aerospace council is an incredibly large |everage
on governnent dollars being spent.

If it were not for those conmttees, you
couldn't hire enough people in the government to wite
t hose standards.

MR, PHI LLI PS: Also the ARACs, could you tell
us a little bit about what the advisory groups are?

THE W TNESS: The ARAC, aviation rule naking
advisory conmttee, is a fairly new process by which
the FAA through these formal public neetings is able
to, What | would say, discuss rule nmaking and discuss
i ssues openly with the public. Wthout ARAC, we would
sinply form our own opinion, put it in the Federal
Regi ster and wait for conments.

W believe in the long run -- and there have

been sone growing pains with ARAC, but we believe in
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the long run, that this consultative open process
enables us to have better notices of proposed rule
maki ng, better advisory circulars wth everybody's
input, and actually in the long run saves resources.

As | say, there are some early issues about
bringing this whole new concept on line, but they're
starting to go away now.

MR.  PHI LLI PS: Are you aware of the joint
airworthiness regulations, the JA requirements?

THE W TNESS: Very much so.

MR PHI LLI PS: Ckay. I would like to talk
for just a mnute or two about simlarities of those
requirements in the Federal Aviation Regulations. And
specifically in regards to the areas we're discussing
in this hearing, incontrollability of flight «controls
and assessnent of hazards, 1309.

Do you -- could you briefly describe any

significant differences in the JAA JARS and the FARs?

THE W TNESS: Well, in the 1309 area, there
are sone differences. | can't discuss them in real
detail, because |I'm not an expert in that particular

area of the regulations.
W do have what we call a harnonization work

program between the U S. FAA and the JAA with industry
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i nvol vement to bring those two regulations together.
The British, |1 believe, have four categories. It may
even be that the JARS have four categories under 1309.
But we are in the process of harnmonizing those, so
that there is one set of standards that the industry

has to neet.

In the area of controls, | am aware that
there is a difference. If you read the FARs, it says,
"any single failure, -- I'Il put in a comma -- or

multiple failure not shown to be extrenely inprobable.”
W have discovered that in the JARs, that comma, in
effect, is not there.

So they allow single failures -- they allow
the use of probability for single failures. W do not
allow the use of any probability on single failures.

You nust cut the single elenent or you must jam the

single elenent. They allow the use of probability to
determine whether that wll actually occur.
In fact, there is an aircraft, which I wll

not name, that there was a required design change to
neet the FARs when it was -- when the type certificate
was issued by the FAA

MR.  PHI LLI PS: And this was because of a

conma in the regulation?
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THE W TNESS: Wll, | don't know that the
comma is really there. It's how the regulation is
read. | put it in only for enphasis here.

MR PHI LLI PS: | under st and. In your

experience, are the JARS generally nore conservative

than the FARs or vice versa?

THE W TNESS: | would say, no. They are very
much on par. Were they're different -- you know,
engineers differ quite a lot sometines. I don't think
the level of safety, general level of safety, either

one of those regulations is any different than the
FARs.

MR,  PHI LLI PS: Had we had very many changes
from the JAA or the JARs coming back into the FARs?

THE W TNESS: W have harnonized or tried to
harnoni ze all of the FARs and the JARs. There has been
changes to either the FARs or the JARs. The basic
general criteria, though, that we in managenent have
given all of the teans that work on those
harnoni zations is that it is not acceptable to just
draw an envel ope over both conditions.

They nust Iliterally debate and reach an
agreenent as to which one is right or maybe there is

sone in between that's right. But we do not allow them
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to sinply just draw an envel ope. That is not
har moni zat i on. That's just sinply trying to do your
job as quickly as you can.

There have been sone changes in both
di rections.

MR.  PHI LLI PS: Are the manufacturers part of
the harnoni zation progranf

THE W TNESS: Yes, they are. They are part
of the harnonization program that's done through ARAC
So it is totally open to anybody who wants to be a
part of it. The JAA is also a part of ARAC, both in
the working groups and on the executive commttee of

ARAC. So they are involved, as well.

MR PHI LLI PS: I would like to talk for a
mnute and |'Il change directions a little bit about
in-service events that involve airplanes. As events

occur that are required to be reportable by the FAA
what's the process of feeding information into the FAA
while involving an in-flight upset or sonething |ike
t hat ?

THE W TNESS: Wll, the engineers and the
ACOs review the service difficulty reports that have
been submtted by the airlines and operators and users.

W also get reports under a regulation 21.3 of
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significant events directly from the manufacturers that
are required to report specified events. In fact, the
airlines are required under Part 21 to report SDRs,
unspeci fied events.

W al so, because of our frequent contacts
with the manufacturers, get reports on nany, many other
things that aren't required to be reported under 21.3,
but nonetheless get reported and get conmunication
going between the regulators and the design
or gani zati ons.

MR, PHI LLI PS: Is there any requirenent for
the FAA to keep a record of these events, these
reports?

THE W TNESS: I don't know of any regulations
other than the normal governnent file regulations, for
every original docunment you create, you nust keep it X
nunber of vyears.

MR.  PHI LLI PS: So as far as putting together
a database for a list of events that have occurred,
where would be the best source to find out how many
times an event's happened on a particular type of
ai rpl ane?

THE W TNESS: SDRs is one | think is very

good. There is a cut-off point, as was nentioned
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earlier. I don't know exactly what date it is. I know
we've -- |'ve seen electronically recovered data back
to 1980. So that's quite a ways back. I think the

ASRS reporting system is a very good reporting system

|'ve, in fact, personally |ooked at all the
ASRS reports on the 737 after the accident. I think
it's a very good system

MR PHI LLI PS: In looking at those 737 ASRS
reports, did you see any indication that the airplane
has a particular problenf

THE W TNESS: | didn't see anything unusual
from any other airplane. I was nmainly |ooking to see
if there were any possible precurses that would give us
any ideas on this particular accident and | didn't
really see any.

MR.  PHI LLI PS: Did you -- are you aware of
anybody else in the FAA that may have nade the sanme
kind of an assessnment or did an evaluation of the
avai l able data?

THE WTNESS: Ch, | think the critical design
review team did it, and | think the ACO in Seattle did
it.

MR,  PHI LLI PS: And none of those people have
identified a significant issue, in your opinion?
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THE W TNESS: W've talked many tines. And,
no, We have not.

MR.  PHI LLI PS: Could that be from lack of
information available to you to make a decision?

THE W TNESS: Wll, | nmean, if you wanted a
possibly it could, yeah, it probably could. But
whether it's that highly probable or likely, 1 wouldn't
put a high probability on it, no.

MR.  PHI LLI PS: Do you believe that wusing the
best data available, that this denonstrates the
airplane does have a problen?

THE W TNESS: I think historically, we have a
pretty good record of being on top of issues and having
been aware of issues in-service and have taken the
appropriate action on them

MR, PHI LLI PS: In some of the previous
testinony -- not in this hearing -- but one thing noted
in your CDR report is what appears to be a sonmewhat
high failure rate for yaw danper conponents on the 737
fleet. Are you aware of that issue?

THE W TNESS: Yes, | am

MR, PHI LLI PS: Are there any plans within the
FAA to do anything about that?

THE W TNESS: Well, | support the critical
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recommendati on on that. I know it's

) | know there are sone

of it.

| certainly support

those efforts. The key is going to be whether it's

really going to nmake an inprovenent

i mpr ovenent

MR.

danper event

events are

iS necessary.

PHI LLI PS: Do you believe that

s are -- do you believe

safety of flight

THE W TNESS: I

MR.

PHI LLI PS: There's

and whet her that

t hese yaw

t hese yaw danper

critical events?

do not believe that.

no possibility that

any of them could have been anything other than the

danper, in

THE W TNESS:

because you

events.

MR.

listing of
are the yaw

rates, do y

your m nd?

started out by

yaw danper events that we're

-- |'"m sorry.

ou believe that

THE WTNESS: Oh,

Now, you've confused ne

tal king about yaw danper

PHI LLI PS: Do you believe that the

The yaw damper failure

woul d be

okay.

NOW. I saw nothing in the lists of

seen to lead me to believe that

yaw danper.

A typical yaw danper,
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nost, failure.

MR.  PHI LLI PS: No auto pilotvents that may
be m sdiagnoses or anything?

THE W TNESS: Vll, | think there are sone
auto pilot events in the data, but that's what
originally confused ne, because as far as the yaw
danper events, which we have separated, which | would
have separated from what apparently |ooked like auto
pilot ones, yeah, there were some auto pilot events
where there was a novenent -- unconmanded novenent of
the auto pilot. But that's a condition that is

designed for and tested nunerous tines.

MR.  PHI LLI PS: In youropinion, is it a
safety -- an auto pilot failure, is it a safety flight
critical issue?

THE WTNESS: No.

MR.  PHI LLI PS: W talked yesterday a little
bit about failure analysis that requires operational
action. I would like to talk about that for just a
nm nut e. Are you satisfied that the FAA adequately
addresses the issue of operational actions required in
failure assessnments to be carried out by the crew,
either to have training or to understand the crew s

ability to react to a failure?
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THE WTNESS | believe now we are doing it
properly, yes. W have created a group of itenms and
certifications called OCWMs, certification naintenance
requi renents. Wien, for instance, you do a probability
assessnent and you expect that a certain event is going
to be done, if that event is very inportant, we create
a CMR to nake sure that that is done.

Those CMRs are tracked. They are a part of
the MRB process that was referred to earlier. And we
have a whole advisory circular on CVRs that describes
how they are created and how they are dealt wth
operationally.

It's a little difficult for the air carriers,
because it nandates certain nmaintenance events. But
the thought being if that naintenance event was
critical to getting something to be extrenely
i nprobable, then that's an inportant one to do.

Most of the CMRs are to look for |atent
failures. Failures that are undetectable. To make

sure a particular back-up circuit is working, for

instance in a particular piece of electronics. so |
think right now, yeah, | think they are working very
wel | .

MR, PHI LLI PS: It sounds like this is
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sonething that is fairly recent. Has this concept ever
been applied to the 737 series, other than the CDR
revi ew?

THE W TNESS: | don't know if there are any
CVMRs on the later 737s. The L-1011 has sone CMRs. So
it's not that all recent.

MR PHI LLI PS: You're not aware of any for

the 7377

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

MR, PHI LLI PS: I think that's all | have now.
I would like to turn it over to M. Jacky. He has a

few questions.

MR, JACKY: Good norning, M. MSweeny.

THE W TNESS: Good norni ng.

MR, JACKY: | wanted to ask you a couple of
questions regarding certification of the 737. When the
737 was first certified back in 1965, 1966, were there
flight tests acconplished in order to -- or as part of
that certification?

THE W TNESS: Wll, | don't have any evidence
that there was, but |I'm certain that there was. |
don't think there's been a transport airplane that we
haven't flight tested.

CHAI RVAN HALL: Did | hear you correctly,
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there's no one left with the FAA enployed that was
there at the time of the certification?

THE W TNESS: Not that | am aware of, no.

MR, JACKY: As part of the certification for
the 300, 400 and 500 series of airplanes, were there
also flight tests acconplished for that «certification?

THE W TNESS: I don't have any personal
know edge one way or another.

MR JACKY: You were talking with M.
Phillips earlier about normal use of a control surface.
Wuld that be in regards to the entire operating
envel ope of the airplane?

THE W TNESS: | would define it that way,
yes.

MR, JACKY: Wuld that also nean that would
be the basis for what you certified the airplane too?
THE W TNESS: | believe that's true.

MR JACKY: So if say in the process of
certifying the airplane, that if a control surface
noved to a -- or could nove, regardless of the
probability of that happening, would you necessarily
certify to that basis or to whatever the normal use
woul d be?

THE W TNESS: well, if we had a rule that
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required or had the words in it normal, normal use or
normal operating environment, then | would say we would
-- if it was a control surface, we would |ook at what
we expected the normal use of that control to be.

If we had a rule that required it to be
| ooked at for a full travel, then we would look at it
for a full travel. Now, if we determine that in a
normal operating environnent there would be full
travel, then, of course, we would look at it wunder that
rul e.

MR JACKY: I wanted to refer you to Exhibit
13X-L, which is titled, "NTSB Flight Data Report or
Recomrendation Letters.”™ And | would ask you to
specifically turn to page nunber 12.

THE W TNESS: Ckay.

MR JACKY: I would ask you to look at the
bottom of the page at the indented paragraph there,
which is a recommendation that the NISB nmade to the FAA
regarding the -- adding of additional paraneters to
flight data recorders on the 737. I was wondering if
you could describe for us any sort of actions that the
FAA has had on this issue regarding this
reconmendat i on.

THE W TNESS: Yes. The FAA was taking
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several actions with regard to this. | believe the
recommendations thenselves were issued -- |'m flipping
back. Yes, February 22 of this year. As a result of
this recomendation, which basically deals wth adding
paraneters, new paraneters to the 737 airplane or
insuring that at |east the seven paraneters noted are
on the airplane, we put a Federal Register announcenent
out or notice in the Federal Register of a public
neeting in March.

And then in April, we held a public neeting
to discuss these recommendations, to get early input
from the operators, the manufacturers, the Airline
Pilots Association, anybody that had any kind of input
into the reconmendati ons.

As a result of that public neeting and sone
assessnments of our own internally into the FAA we
decided that we -- the quickest way to react and to
reach action on this reconmendation would be through a
quick acting -- and |I want to enphasis "quick acting”
ARAC working group. So we asked the ARAC committee in
June to take on this activity.

In fact, they had a neeting just yesterday.
The docunent that the working group has prepared

dealing with this recommendati on and other

CAPITAL HILL REPORTING INC
(202) 466- 9500



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

1885

recommendations on flight data recorders that the board
has reconmended that are issued to the FAA is a part
of that package.

CHAI RVAN HALL: M. MSweeny, can | ask you,
is there anything anbiguous about our recomendation?

THE W TNESS: I don't believe there is.

CHAI RVAN  HALL.: Wat is the purpose of the
ARAC committee and what is the purpose of the FAA
studying this issue since February, since the
recommendati on was nade?

THE W TNESS: As required by law, we nust
when we do rule making go into a consultative process.

W believe that in the public hearing and in the ARAC
commttee, that that was the quickest consultative
process before us.

CHAI RVAN  HALL.: Is there a process that you
can go through if there is sonething that you think is
of urgent nature or even an energency to expedite rule
maki ng?

THE W TNESS: W can do one of two things.

W can issue an imediately adopted rule, which is
strongly opposed by the Departnment of Transportation.
They do not like to do that. O we can issue an

airworthiness directive if there is an unsafe
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condi tion.

CHAl RVAN  HALL: Were either one of those
considered in regard to this recomendation?

THE W TNESS: Yes, they were.

CHAl RVAN  HALL: Very well.

MR, JACKY: Did | take it correctly that you
said that the ARAC committee forwarded the report
yest erday?

THE W TNESS: | don't believe it forwarded
the report from the facts or from the conversations
I'"ve had here at this hearing with people who were at
that neeting. It's ny understanding there was sone
di scussion about one of the other recomendations from
the board that dealt with, | believe it's newy-
manufactured aircraft and whether it should be 57
parameters or 88 paraneters. The expectation is that
they will forward sonething to us very quickly after
they finish that debate.

Qur expectation is to get a notice out next
nont h, regardless of what ARAC does or does not do.

MR JACKY: You nentioned that the ARAC
conmttee in this regard was a fast-acting commttee?

THE W TNESS: Yes.

MR, JACKY: How does that differ in length of

CAPITAL HILL REPORTING INC
(202) 466- 9500



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

1887

time to a regular ARAC committee?

THE W TNESS: Wll, we gave this ARAC working
group a very short specific tine frane in which we
wanted the job done. That isn't our normal practice
with ARAC. And quite frankly, one of the reasons is as
nmentioned by the chairman, that there's not an awful
ot of anbiguity as to the scope, as to the objective
the discussion really has to focus on how to get there

In many of the other regulatory projects,
there's all kinds of debate on scope and objective and
all that. So it's generally, they're a little bit
longer than the time frame we gave this comittee.

This committee also is unusual in that the
working group chairman is M. Frank Rock, an FAA
enpl oyee. That usually is not the case. W al so
t hought that was inportant to nmke sure the right kind
of leadership was given to that working group.

CHAl RVAN  HALL: How many menbers are on the
commttee and could you tell us who serves on the
comm ttee?

THE W TNESS: | really don't know exactly who
that is.

CHAl RVAN  HALL: Could you provide that for

the record?

CAPITAL HILL REPORTING |INC
(202) 466- 9500



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

1888

THE W TNESS: I will be nore than happy to
provide it. Now, let me clarify, if | could. | woul d
assumre you would want the working group that's actually
witing the docunent. The ARAC committee is a nuch
hi gher group that just lists it.

CHAl RVAN  HALL: vell, both, if we could, Tom

THE W TNESS: Fi ne.

CHAI RVAN  HALL: If that's no problem

THE W TNESS: No problem

CHAl RVAN  HALL: | nmean, when we --
THE W TNESS: | can give you that al nost
tonmorrow, | think.

CHAl RVAN  HALL: That would be fine. Thank
you.

MR, JACKY: Have you had any discussions wth
Boeing regarding inplenmentation of +this reconmmendation?

THE W TNESS: Yes, we have.

MR, JACKY: Could you characterize the
di scussion for wus?

THE W TNESS: The discussion that |I'm
famliar with -- and |I'm sure the people on the working
group have had other discussions, because | would be
surprised if Boeing isn't a part of the working group.

The ones | recall dealt with the possibility of
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installing a bracket up into the rudder area in the
horizontal -- wvertical stabilizer area to measure cable
position as a substitute for pedal position in the
cockpit. Therefore, having cable position before the
PCU neasured and then surface after being measured.

MR, JACKY: Have you had any discussions wth
i ndividual operators regarding this recomendation?

THE W TNESS: W have discussed the matter of
timng, of what processes in the shop would have to
take place to install parameters with the Ar Transport
Association and there's about three airlines that have
submtted comments that we have placed in the
regul atory docket.

MR, JACKY: Has there been any discussions
within the FAA regarding inplenentation of portions of
this recomendation?

THE W TNESS: Yes, there have been. VW have
di scussed within the FAA and we have discussed with the
staff at the board, the possibility of sinply putting
only rudder position, rudder pedal position, and
|ateral acceleration in very quickly, rather than the
full, | guess, seven paranmeters that are on this
reconmendat i on.

It was -- there have been extensive
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di scussions about that within the FAA all the way up
to the high levels within the FAA

MR, JACKY: Is there any -- let me ask you
this. Wen you were talking about very quickly, what
sort of time frame would we be talking about in getting
that acconplished?

THE W TNESS: As short as a year.

MR, JACKY: And how would that be -- the
putting out of those paraneters onto the airplane, how
woul d that be acconplished?

THE W TNESS: Wll, they would certainly have
to route wires throughout the aircraft and nmaybe --
well, | guess, alnost wthout question take out parts
of the interior to run wires back to the flight data
recorder. If you used the position indicator, say, for
instance on the cable in the vertical stabilizer in
your FDAU -- and | can't renenber the acronym for it.
But the processor of that data is up in the avionics
bay. You have to run the cable forward and then back
agai n.

So all of those cable runs and the
installations of the brackets would require the
aircraft to be in sone kind of a nmintenance hanger.

CHAl RVAN  HALL: But it is technologically
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feasible to do that?

THE W TNESS: Yes. I don't think we're
tal king about anything that's not technologically
unf easi bl e. O we're not talking about anything that's
technol ogically unfeasible. Let me rephrase that.

MR, JACKY: Does the FAA believe that the
addition of these paraneters could be acconplished
during one or a series of overnight nmaintenance checks?

THE W TNESS: From the information we have
available to us, we do not believe that you can do
these on a series of overnight naintenance checks.

CHAl RVAN  HALL: Were did you get your
i nformation?

THE W TNESS: W received information from
the air carriers. W also received information from a
trial program of installation of these paraneters at a
repair station called Tranto, | believe in the
nort hwest Seattle area.

MR JACKY: Could you characterize the anount
of time that we're talking about?

THE W TNESS: Well, the tine depends on it
seens quite significantly on an issue that has conme up
as to whether the AFT |aboratory has to be renoved or

not . Times that we have been given and |o0ok reasonable
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to us are anywhere from two to three days down time for
t he airplane.

The Air Transport Association provided a

chart showing all the tasks necessary to acconplish it.

There are sone 70 to 75 tasks, depending on whether
you take out the |aboratory. That chart shows a tine
frame of between two to three days.

MR, JACKY: So would it be fair to say that
the FAA's belief is that the airplane would have to be
taken out of service in order to acconplish the
addition of those paraneters?

THE W TNESS: Based on the data we have, yes
that particular PERK chart shows sonme events taking far
nore than the amount of available time in any evening
mai nt enance  program

One of the other reasons that | think |eads
you to that conclusion is that if you were to do it,
even though let's say it was physically possible, you
could chop up all the tinmes into little bits of tine.
You wind up taking apart and reassenbling the sane
areas of the airplane nmany tines. If I were an air
carrier, | wuld want to mnimze the amount of times I
have to do that.

I am also personally concerned about
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tenmporary installations in the rudder area, tenporary

installations of brackets and indicators and things.

Qpening it up, closing it wth tenporary installations.
It just |eaves you open to possible problens.

CHAl RVAN  HALL: What would be the reason that
you would want to do sonething tenporary and not
sonething that was pernanent?

THE W TNESS: Well, by tenporary, | nean that
whatever is there would be a permanent part of whatever
is going to eventually be the conpleted unit, but it's
a tenporary conpletion of the task. And nmaybe | used
the wong word there.

CHAI RVAN  HALL: S if |I'm gathering, the
main consideration here is the fact that the airplane
would have to be taken out of service and the time and
expense that that would involve? Is that what's
driving the decision or what factor does safety play in

the decision?

THE W TNESS: Vell, the -- when we do an
action, safety is the big player. Safety is nunber
one.

CHAl RVAN  HALL: Well, do you have any other

does the FAA have any other responses that we should

be doing to nonitor the safety of this airplane, since
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we have two accidents and we have yet to determne the
cause?

THE W TNESS: W have no prograns |ike the
flight data recorder program

CHAl RVAN  HALL: Do you consider that a
prudent thing to do?

THE W TNESS: VWhat? To nonitor?

CHAl RVAN  HALL: Yes, to put the flight -- to
retrofit the 737 with the flight data recorders?

THE W TNESS: | think it's prudent to require
increased paraneters in the 737 and other aircraft,
yes. | don't think that has ever been a debate wthin
t he FAA

CHAl RVAN  HALL: Wat tine frame -- and let ne
again conplenent the FAA on pronpt response on our
flight data recorders on new aircraft. But
specifically on the existing 737 fleet, what tine frame
do you think will have a decision?

THE W TNESS: | couldn't tell you for the

sinple reason that that would prejudge the decision.

W are proposing -- in PRM we're asking for comments
on anywhere from two to five years. And until we see
the responses to those comments, any judgnment | would

make now about a decision would just kind of prejudge
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t hat .

CHAI RVAN  HALL: Is there anything we can do
to accelerate the process to those coments or
accelerate the rule making?

THE W TNESS: Vell, | am very grateful that
we've had the discussions with the board over reducing
the paranmeters down to rudder position or pedal
position and |ateral. | think that has been a very
good effort. I would say anything that we collectively
can do to working with the airlines and the

manuf acturers to mnimze the cost of the installation

and the time of the installation, is really, [ think,
the key here. It's the tine.
CHAI RVAN HALL.: Wll, | think this board

woul d wel come any proposal in witing from the FAA or
the ATA that we could sit down and consider. I know
there's been a lot of discussion, but if there's a
proposal on how we can address this situation, | think
that you will find the staff and board very interested
in being cooperative in trying to insure that the --
until we -- in the absence of information that would
lead us to a probable cause of the Colorado Springs and
the Pittsburgh accident, that some action should be

taken to nonitor the rudder on the existing fleet.
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And if this recomendation is not acceptable,
then we would sit -- certainly sit down and try to work
out sonething that would be in the interest of safety.

I know you and the airlines share the interest that we

at the board and the Anerican public has in safety of

flight.

So | just want to put that on the record,
because | have heard a lot of conversations, but | have
not seen a firm proposal. Am | correct in that, Dr.

Loeb, that we have received at this point? [If we can
nmove it forward, Tom we're ready to nove forward.

THE W TNESS: | appreciate your coments. W
share the sane desires.

MR JACKY: I have no further questions.
However, M. Phillips has inforned ne that he would
like to ask a couple of additional questions.

MR, PHI LLI PS: I found a question that 1've
| ost, so.

CHAI RVAN  HALL: I notice that you all have
taken the chairman's prerogative away and our calling
on each other over there.

(CGeneral laughter.)

MR.  PHI LLI PS: This shouldn't take but a

m nut e. The CDR report on page 46, this is Exhibit
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9X- A There are three recomnmendations there; 20, 21,
and 22. And they address the issue of third party as
far as 36 approval to manufacture parts.

I just wanted to have a brief discussion with
you about your view points on these reconmendations and
any response you nay have to where we are on satisfying
t hese. | would like to start with nunber 22. The team
recommended that -- |1'Il paraphrase this. That a team
go out and take a look at, assess repair procedure
processes and tooling used to overhaul 737 PCUs and
conponent s.

Do you know if that's been acconplished yet
or not?

THE W TNESS: My recollection is that that is
still under developnment as an activity.

MR.  PHI LLI PS: So they haven't done any
reviews, but they plan to?

THE W TNESS: W have -- 1 think we've | ooked
at a couple of repair stations, but not in a formalized
manner that this recommendation deals wth, but we're
in the process of putting that together.

MR.  PHI LLI PS: So you expect a positive
response to this recomendation?

THE WTNESS: ©Ch, absolutely. Yeah, we
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intend to do that.

MR, PHI LLI PS: The other question | would
like to ask is about non-OEM approval for critical
parts. Is it your position, as an FAA senior nmanager,
that OEM or non-CEM parts are -- should be
remanufactured or nodified by other than the original
manuf act ur er ?

THE W TNESS: The production of replacenent
parts is a multi-billion dollar business in the United
St at es. There's been a lot of controversy over whether
the FAA should let other people than the original
equi prrent  nmanufacturer nmake various parts.

There have been numerous suggestions that we
just for critical parts allow nobody, but the

producti on approval holder of the product to make those

parts. I think there are ways of the FAA dealing wth
the issue of critical parts, internal to the FAA and
not rearranging all the business opportunities of

everybody in this country.

The way to do that is as this team has
recomrended. W did -- this is sonething that we have
been discussing at ny level and ny nmanagenent teams
| evel . W' ve basically been asking ourselves whether
there is a small subset. I think it is reasonably
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smal | .

A small subset of parts on any product, be it
an aircraft, an engine, whatever, that no after-nmarket
approvals of any kind should be given unless the
Aircraft Certification Ofice has coordinated with full
veto power on that approval. And the Aircraft
Certification Ofice would be the one that originally
granted the design approval for that product.

Now, we can do that. It's a work load. |
think it is sonething that we need to do. VW have not
formalized it as a process. This is the opportunity
and the avenue through which we wll at |east nmake that
decision on the 737.

MR, PHI LLI PS: So do | wunderstand you are
considering rescinding the approval of --

THE W TNESS: | didn't say that. I was
tal king about the future approval.

MR.  PHI LLI PS: Ckay.

THE W TNESS: The approvals that are out
there are going to be dealt wth under reconmendation
22. That gives a nice, neat package of today and
tonorrow all tied up in a bow

MR.  PHI LLI PS: So as a result of this work,

wll the FAA attenpt to verify that the parts that are
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being manufactured for the 737 by third-party vendors

now, mneet the requirenments of these recomendations?

THE W TNESS: Yes. In fact, | can tel you
of -- | can't renenber the repair stations involved,
but there are two that | know of that | know the

approval that was granted to that repair station was
coordinated with the Aircraft Certification Ofice in
Seattle. So in those two instances, this
recommendation was net.

MR, PHI LLI PS: Wuld that coordination
i nvol ve an exchange of engineering data, the draw ngs,
the tools, all the things required, to guarantee that
that part neets the requirenents of the original
manuf act ur er ?

THE W TNESS: It vadd be design, process,
and quality assurance. Al the processes necessary to
nmake the parts, the design itself, and the quality
assurance to determine that once the part is nmade, it
does, in fact, neet the design requirenents.

W have all that data. W have all that
dat a.

MR, PHI LLI PS: So functionally you could not
tell the difference between whether it was nmanufactured

by Parker or OCEM
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THE W TNESS: If it's a critical part, there
should be no form fit or function difference.

MR.  PHI LLI PS: Des that exist today?

THE W TNESS: That is, | believe, in our
present orders on PMA parts.

MR, PHI LLI PS: I have nothing else.

CHAl RVAN  HALL: Yes. M. Laynor wants to
foll ow up.

MR.  LAYNOR Tom pursuant to that sane |ine
of discussion, who determnes whether the part's
critical?

THE W TNESS: It's determined now by the ACO
engineer that is doing the approval. In the new
scheme, the one that's identified here in
recommendation 21, it would be the ACO that certified
the product that would cone up with this list in the
concept that we were talking about.

MR, LAYNOR How does the ACO go about
identifying what critical dinmensions mght be on a
part? And specifically, |'m talking about the -- let's
use as an exanple, the end cap and spring guide and the
servo valve spools in the rudder PCU in the 737.

THE W TNESS: | would say in all cases, it

woul d be by assessing the consequences of a deviation
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in that tolerance or whatever the process was. If a
deviation would result in a continued safe flight and
operation problem then that would be a critical

el enent of that part.

MR.  LAYNOR And that's left to the ACO
wi thout consultation wth the original nanufacturer?

THE W TNESS: There is -- oh, wthout
consultation wht the original manufacturer?

MR.  LAYNOR Yes.

THE W TNESS: I wouldn't say that. I would
say that there is consultation between the ACO that's
certifying the product and the manufacturer over what
is critical. W certainly ask that, even on after-
mar ket supplenmental type certificates and stuff. W
ask and the manufacturers are fairly free to -- fairly
freely give us that information about what their view
of criticality is. W eventually are the ones that
have to nake that decision.

MR.  LAYNOR Ckay. Thank you.

CHAl RVAN  HALL: Questions from the Technical
Panel ? M. Haueter?

MR. HAUETER: Yes, | have a couple.
Concerning the nodifications to the rudder power

control unit, do you know the status of those
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nmodi fi cati ons, the percentage that have been conpleted
or where that stands?

THE W TNESS: The Aircraft Certification
Ofice in Seattle gave nme a nunber of 75 percent.
You're talking about the ones that | referred to in the
airworthiness directive?

MR. HAUETER: That's correct.

THE W TNESS: Yes, 75 percent is the nunber |
was given.

MR. HAUETER: Do you have any estimation of
when that wll be conpleted fully?

THE WTNESS: No, | don't have it. That
nunber, by the way, cane from surveys done by the
Flight Standards Organization, the principal
mai nt enance inspectors at the airlines.

MR. HAUETER: It was nentioned yesterday in
testinony about changes to the standby rudder actuator
in terms of relieving the galling, changing from a
bushing to a bearing design. What does the FAA plan to
do with that when it's approved? | may have m ssed

that in the discussion.

THE W TNESS: Excuse ne. I think | mssed.
MR. HAUETER: What do you plan -- when Boeing
finishes their design work, is there plans to nake that
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an AD or how is that going to be handled, do you know?

THE W TNESS: Vll, | think it's premature to
say whether or not we're going to make it an AD. We're
certainly going to look at it, look at the design, |ook
at the consequences of galling one nore time. W
| ooked at it before. See if there's anything new we
know about galling as a result of this hearing and nake
a deci sion.

If we think there's a safety problem with
units out there that are galling, then we wll wite an
airworthiness directive. But we do need to define an
unsafe condition before we wite an airworthiness
directive. So we'll nake that decision in review ng
the data that Boeing is going to send us or has sent
us.

MR. HAUETER: You don't currently believe
there's an unsafe condition with the standby rudder
actuator, | take it?

THE WTNESS: No, we don't. W do not
believe there's an unsafe condition.

MR. HAUETER: On sonething else regarding the
reported events, the yaw danmper and roll anonalies of
auto pilot, are those normally reportable in any
fashi on?

CAPITAL HILL REPORTING INC
(202) 466- 9500



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

1905

THE W TNESS: Wll, you're in an area that
I'm not very know edgeable of, the flight operations
ar ea. W certainly are aware of them The ones that
have been reported since the Pittsburgh accident, 1've
al nrost been personally aware of every single one and
have seen the flight data recorders when that
information was avail able. I"ve seen the printouts.

MR. HAUETER: Is there any requirenent for
the pilots of the airlines to report a yaw or a roll
anomal y?

THE W TNESS: I really don't know " m not
responsible for that area.

MR. HAUETER: Is the normal operating
environment of an aircraft consist -- is an engine out
considered a normal operating environnent of an
aircraft?

THE W TNESS: | really don't know It would
be an energency.

MR. HAUETER: Is it sonmething you could
anticipate happening during the life of a given
airplane or --

THE W TNESS: Yeah, you could anticipate that
happeni ng. Ri ght. It is, though, an energency, |

woul d t hi nk.
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MR. HAUETER: Wuld you require full rudder
deflection to cope wiht an engine out, say on takeoff?

THE W TNESS: | think the rudder on every
airplane is designed specifically for that condition.

MR, HAUETER: So for the 737, if you lost an
engine on takeoff, it would require full rudder
authority to cope with that kind of event?

THE W TNESS: | believe there is a capability
in that airplane to do that, yeah.

MR. HAUETER: So | guess |'m getting back to
the original certification. Wiy was the full rudder
travel not considered as the nornmal operating
environnent, if that can occur during sonething that's
foreseeable to happen?

THE W TNESS: As | said, | nmean, we're all
guessing based upon reading docunents that were created
in the md to late '60s. And | really can't -- as nuch
as | would like to know that answer nyself, | just
don't know where we would get that answer.

MR. HAUETER: Have you discussed the original
certification with the Seattle Aircraft Certification
O fice?

THE W TNESS: I"ve discussed it personally
with M. Don R g-gin.
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MR HAUETER Was M. Rig-gin involved in the
original certification of the airplane?

THE WTNESS: No, he was not.

MR. HAUETER: When did he join?

THE W TNESS: | really don't know I know it
was -- he and | talked. | nmean, | specifically asked
himif he was involved in it and he said no.

CHAl RVAN  HALL: Are there records still
avai |l abl e?

THE W TNESS: Yes, there are records. They

are in dead storage, but there are records avail able.

CHAl RVAN  HALL: Have they been -- have you
all retrieved those at all?
THE W TNESS: | believe we've retrieved a

significant nunber of wearly certification records as a
result of the accident and the critical design review

MR. HAUETER: Just a few nore, sir. Are you
famliar with the results of the recent simulator
validation tests that were conducted by the aircraft in
the Safety Board's aircraft performance group?

THE W TNESS: I'm famliar with the sinulator
work to try to recreate the scenario of the accident.
I'"'m sonmewhat famliar with it.

MR. HAUETER: Are you famliar with the study
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heading side slip tests that were conducted as part of
the simulator validation?

THE W TNESS: Yes, now |I'm with you. Yes,
I'"'m somewhat famliar with it. I know it was designed
to validate the sinmulator. The specific criteria and
the specific maneuvers were recomended by M. Les
Berven, who will be the next wtness, and he mght be
better than | able to describe them

MR. HAUETER: Are you famliar with the
lateral controllability issues that have been discussed
during the previous public hearing and also as a result
of the sinulator validation work?

THE W TNESS: Sonewhat famliar.

MR. HAUETER: Has there been any discussion
about re-evaluating the controllability of the aircraft
based on these findings?

THE W TNESS: Based on the findings that -- |
assume you nean based on the findings of the flight
testing we did recently?

MR. HAUETER: Correct.

THE W TNESS: Yes, certainly I'm sure we're
going back and going to look at every detail of that
data to see what inpact it's going to have on previous
deci sions we've nade.
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MR. HAUETER: On the Exhibit 9X-A which is
the critical design team report, reconmendation 9,
where they nade a recommendation to insure the
capability of the 737 lateral control system to provide
adequate directional control, what's the status of that
recommendat i on?

THE W TNESS: | believe there has been data
submtted to the FAA from Boeing that is being
eval uat ed. As you will see, it also has the "unless"

unless it can be shown to be extrenely inprobable.
And | believe there is a discussion at this point over
that part of the recomendation w th Boeing.

MR. HAUETER: | guess, back to the question
the other day, it said, inprobable by the nost rigorous
nmet hodol ogy avai l abl e. What would be the nost rigorous
net hodol ogy, | guess?

THE W TNESS: I"'m not an expert on that, but
| can tell you that the analysis is being reviewed by
the people in the FAA that we believe understand
probability assessnment the nost. And that's
irrespective of whether they work in the Seattle ACO or
not .

MR. HAUETER: Thank you, sir.

CHAl RVAN  HALL: Any other questions from the
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Techni cal Panel ?

(No response.)

CHAl RVAN  HALL: If not, we'll nove to the
parties. Any questions for this wtness from the
parties? | see the hand of the Arlines Pilot
Association and | see the hand of Boeing. Anyone el se?

M. Donner, you have no questions of your boss here?

No.

(General |aughter.)

CHAl RVAN  HALL: You're going to mss this
opportunity. Very well. W' Il go to the Boeing

Conmercial Airplane group.

MR. PURVI S: Good norni ng.

THE W TNESS: Good norni ng.

MR.  PURVI S: The various speakers have been
di scussing recommendations from both the Colorado
Springs and the USAir accident. Following up on that,
can you say what the FAA has done to follow up on the
NTSB's recommendation after the Colorado Springs
accident regarding asking you to study nountain weather
phenonenon?

THE WTNESS: No, | can't. I'"'m not famliar
with that at all.

MR PURVI S That's all | have.
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CHAI RVAN  HALL: Captain, Arline Pilots
Associ ati on?

CAPTAIN LeGROW Thank you, M. Chairnan.
Good norning, M. MSweeny.

THE W TNESS: Good norni ng. If -- 1 think
it's --

CAPTAIN LeGROW It's still norning.

THE W TNESS: Barely.

CAPTAIN LeGROW Just a few questions.
During your testinony, you talked about the reasonable
novenment of certain deflection of controls and a
certification. Could you just tell wus what reasonable
-- your definition of reasonable? Wuld it be 60

percent, 70 percent?

THE W TNESS: Wll, | don't think I would put
a percentage on it. If you're asking nme for ny
definition, | would say sonething that you would --

reasonable is sonething that you would expect sonebody
to do irrespective of a percentage or a factor or
anything |ike that.

Now, when you get down to the flight test
rules and regulations in what is reasonable, |'m
certainly not the expert. M. Les Berven would be a

better one to ask that question.
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CAPTAIN LeGROW Ckay. I'lIl ask M. Berven.
Along that same line, as | wunderstand it in 1967 -- |
guess there's nobody left in the FAA 28 years later?

THE W TNESS: Not that we know of.

CAPTAIN LeGROW But during those -- during
the certification of the 737 -- and |I'm assum ng that
was the 100 at the tinme?

THE W TNESS: That's probably a good
assunpti on.

CAPTAIN LeGROW It did not take into
consideration full deflection of any control. I's that
nmy under st andi ng?

THE W TNESS: It's nmy understanding that's
true.

CAPTAI N LeGROW In your view would a full
deflection then today be considered an inprobable, an
extremely inprobable criteria? Wuld that fit the

criteria, extrenely inprobable?

THE W TNESS: In today's regulations, we
would ook at a particular aircraft, look at a
particular control service. The aircraft could be
safely controlled with that surface at full deflection.

There would be no inprobability we would be 1ooking

at . The airplane would be perfectly safe.
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It's only when a condition results frama
deflection that we do not consider to be a safe
condition, that we get into then analyzing the
probability of that occurrence.

CAPTAIN LeGROW As | understand it, the FAA
never -- during the certification process, never took
the controls to 100 percent.

THE W TNESS: I have no know edge of that.

CAPTAIN LeGROW Wuld it be safe to say then
if we had an event, assuming the -- just for the sake
of argument, a control that were to nove 100 percent
would be twice in four years, would not be considered
extrenmely inprobable then?

THE W TNESS: Wll, extrenmely inprobable is
with respect to the whole |ife of an aircraft, as we've
defined it, and it's neasured in SO nany occurrences
per hour. It certainly -- 1 don't know how you equate
it to how many events have occurred in four vyears. And
I'"'m not trying to be evasive.

CAPTAIN LeGROW Wll, one event would not --
woul d be not be extrenmely inprobable then, if there was
one event?

THE W TNESS: Extrenely inprobable neans an

event would occur no nore than once in the entire
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lifetine of a fleet of aircraft. It doesn't say that
that event would occur in the very last year of
operation or the very last aircraft.

CAPTAIN LeGROW I understand that. If, for
exanple, that the FAA found such an event, what would
the reaction of the FAA be?

THE W TNESS: W woul d assess that event and
| ook at whether we needed to fix whatever it was that
caused that event. I mean, when we |ook at the
probability assessnents, it's a way of dealing wth
stuff that we kind of maybe don't know what m ght
happen. We're all human. W do the best job we can,
but we got to where we are with the level of safety --
this level of safety of 10 mnus 9, or 10 mnus 8, or
10 mnus 5 for the probable events.

Once we see an event and we say, gee, that's
an event we don't like, we ought to correct that event.

W step back from the certification of the probability
and we deal with that event

CAPTAIN LeGROW This will go back to your
statement earlier about airplanes talking to us.

THE W TNESS: Ri ght .

CAPTAIN LeGROW After they're certified down

the road, they talk to us.
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THE W TNESS: Ri ght .

CAPTAIN LeGROW If we see sonething that
happens, then we take action.

THE W TNESS: Ri ght . We, for instance --
let's say we were for sonme reason neasure that the flap
| oads were ten percent nore in-service than what was
designed for. W wouldn't say, well, yeah, but we put
a factor of safety unlimt |oad anyway. So we don't
have deal wth that. No. The factor is there for the
fact that we're hunman.

CAPTAIN LeGROW And to state the
hypot hetical situation, if you would, where the
airplane has not been certified for a control. Let's
just take for the sake of argunent, the rudder was
never certified, never denonstrated to be deflected 100
percent in flight. And if that were to be shown as an
event, would the FAA then consider that being talked to
and taking sone action?

THE W TNESS: If we certified an aircraft
under the assunption that a full rudder deflection was
an event that was inprobable or extrenely inprobable
and we found that that assunption was not true, we
would certainly go back and relook at the inpact of

t hat .

CAPI TAL HILL REPORTING INC
(202) 466- 9500



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

1916

CAPTAI N LeGROW The new derivative 737-300,
t he 600, 700, and 800 --

THE W TNESS: Ri ght .

CAPTAIN LeGROW -- it's ny understanding
that -- or is it your understanding that the airplane
will be certified to the sane standards as the 757 and
767 and 777 or wll it be certified under the sane

certification criteria of 1967 and the 100, 200, 300,
400, and 5007

THE W TNESS: | can say it's not going to be
the same certification basis as the 100, 200. WWhet her
it reaches the sane certification basis of the 777 or,
gquite frankly, beyond that, because that basis was set
some four or five years ago, and is what's being
di scussed right now. The 57, 67 basis is ten years
ol d.

W would like to see it as close as practical
to today's certification basis.

CAPTAIN LeGROW And the basis of the

original certification of which the 300, 400, and 500

were derivative are 27 years old. Is that correct?
THE W TNESS: Yeah, cl ose. It's probably
nore than that. If the certification took place in

‘67, the cert basis was probably established when the
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application was nmade in, | would guess, '62 or
sonmepl ace like that.

CAPTAIN LeGROW Does the FAA consider |atent
failures?

THE W TNESS: In today's probability
assessnents, absolutely we consider them

CAPTAIN LeGROW Does the consideration of
latent failures affect the extrenely and probable
criteria?

THE W TNESS: It is many tinmes a part of the
equation that reaches that.

CAPTAIN LeGROW Is there a neans -- does the
FAA have a nmeans to re-evaluate that extrenely
i mprobabl e based on the fleet history?

THE W TNESS: W can do that any tinme we see
a need to, yes. W know from the reports exactly what
assunptions were nade to arrive at that probability
assessnent. W also, as | nentioned before, have the
CVMRs that enable us to track sone of those |atent
failures.

CAPTAIN LeGROW You talked earlier about the
737 when it was certified. The full deflection of the
controls were not a criteria in the certification.

What guidance were flight crews given to this? In
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other words, to rephrase that, were the flight crews --
did the flight crews know that that was not a criteria
in the certification of the airplane?

THE W TNESS: I have no know edge one way or
another on that.

CAPTAIN LeGROW So crews would have no
knowl edge of how much control availability was used in
the certification of the airplane? Wuld that be a
safe statenent?

THE W TNESS: It wouldn't be a statenent |
woul d make, because | really don't have the know edge.

CAPTAIN LeGROW If you would, please, in the
CDR, the Exhibit 9X-A page 17, it would be B-2. Are
you famliar wth that paragraph, sir?

THE W TNESS: Yes, sonewhat. | nmean, | read
the report a couple of times a while ago.

CAPTAIN LeGROW I would like to also refer
to page 41 of recommendation 9 that M. Haueter
referred to earlier.

CHAl RVAN  HALL: This is page 4l of the sane
exhibit, Captain?

CAPTAIN LeGROW Yes, sir, and that would be
reconmmendation 9.

THE W TNESS: Ckay.
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CAPTAIN LeGROW | think M. Haueter asked a
coupl e of questions. My question is, has the FAA to
help satisfy this reconmendation, considered nandating
Boeing to either increase the lateral control of the
737 or limt the yaw capabilities of the 737?

THE W TNESS: I wouldn't go as far as we
considered nandating anything wth Boeing. W have
certainly discussed the issue internally. I know we've
had sone discussions with Boeing on the matter. Each
one of those solutions has sone other things
associ ated, which would concern me a little bit.

The rudder, as we nentioned earlier, is sized
for engine out to a great extent. You reduce the

rudder affectivity in any way and you' ve got a problem

You've got to deal with engine out. If you increase
the roll authority -- if you go too far on the ailerons
and I'm not an aerodynam cs expert, but it seens

logical to nme that if you go too far up on the ailerons
or down on the ailerons, you could get flow separation.
I'm sure the affectivity of the aerodynam cs,
the affectivity of the aileron tails off quite greatly
as you go into higher angles. So it would be really an
enornous challenge to try to bring all those factors

in. Wat we don't want to do is unfortunately design
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the next accident.
CAPTAIN LeGROW | understand that, but what
we're trying to do is prevent the next one.
THE W TNESS: Ri ght. | understand that.
CAPTAIN LeGROWN But there has been sone
di scussions with Boeing -- there's been discussions
with other industry people besides the nmanufacturers?
THE W TNESS: I couldn't say other people.

It's only second-hand conversations that lead nme to

believe that there have been discussions between Boeing

and the ACO

CAPTAIN LeGROW Has there been any
di scussions along the sane |line or sanme recomendation
or changes to the operation of the airplane?

THE W TNESS: Yes, there have been sone
di scussions about that.

CAPTAI N LeGROW Could you elaborate on
t hose, pl ease?

THE W TNESS: Wll, you're in an area where
I"mnot, again, an expert in the piloting and the
performance. But there have been discussions about
different speeds for the flaps, raising the speeds.
The part of that that | am famliar with is the

structural part. And operating nore frequently at a
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hi gher flap speed wll, in fact, cause the higher |oads
on the flaps to occur nore often, which affects the
fatigue life on the flaps.

There's also been discussion of not staying
at flaps one and flaps five and flaps ten for as long a
time as presently being done in operations today. That
certainly has sone possible benefits to it. The
operational aspects of that, what it does to the
operation, what it does to pilot training, what it does
to the air traffic control system and stuff, are
certainly issues that have to be dealt wth,

W are discussing all of that internally
still.

CAPTAIN LeGROW I have one other question,
if I could shift gears for just a nonent, on the flight
data recorder issue that M. Jacky brought up. The
tenporary, as | think you referred to it, as fixed or
to gather data for the rudder and rudder position, are
you -- You said that Tranto out in the northwest, you
had sone discussions with them on doing this
nodi fication on the 737-300s. And | think you said it
would take two or three days on normal overnight to do
t hat .

Did they give you any indication of exactly
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From the tinme the airplane got

airplane went out,
do this?
THE W TNESS:

for sonething that |

the ones that | think had
t hi ng. But the total
hours, quite frankly,

i nportant.
time.
several parts of

really how quickly you can get

was the thing |

O her
anal ysis and stuff, of
tinme.

CAPTAIN LeGROW
guestions of this

CHAl RVAN  HALL:
feel that | should point
made, which 1'm sure you
hypot heti cal statenent.

msinterpretation by the

i nvol ved,

First let

think the board said.

hours -- |
because to ne total
What's inportant is the total
You can have sonetinmes several

the aircraft at

cour se,

1922
from start to finish?

in the hanger until the

how many man hours it would take to

me not take credit
They were
the big input into the Tranto

don't recall total
hours aren't

| engt h of
peopl e working on
the sane tine. It's

the whole job done that

was focusing on.

people that have to do the econonc

were focusing on total

Thank you. | have no nore

gent | eman.

Thank you, Captain. | do

out that a statenent that you
were intending to be a
| don't want there to be any

audi ence, that there has been
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ull rudder deflection on the plane

five years.

course, we have not conpleted our

acci
t hat

equi

In the Colorado Springs accident, we di

we were unable to conme to that

dent . And one of the

information is because

pped with the flight

information on the rudder

CAPTAIN LeGROW My statenent

hypot hetical situation, if

not

clarified that. Thank you.

guestions

concl usi on.

main reasons we do not

data record

defl ecti on.

that were

make that as a statenent of fact.

CHAI RVAN  HALL:

(No response.)

CHAI RVAN  HALL:

Donner, Feder al Avi ati on

MR DONNER M.

the airplane was not

1923

twice in the |ast

d not

And, of

investigation of this

have
er that provided
was -- it was a
the case. | did

| just wanted to be sure we

from the parties?

If not, we'
Adm ni str at

Mt Sweeny,

sonething Captain LeG ow just said.

statenment that the nodification invol

days of normal overnight?

of

THE W TNESS: It

consecutive down tine.
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MR. DONNER: Thank you.

CHAIRVAN HALL: M. dark.

MR CLARK: The Safety Board issued three
basic recommendations on the FDR upgrade. One dealt
specifically with the 737 and the urgent nature of that
and then other existing airplanes and new airplanes.
What is the status of the 737 rack right now? Are we
| ooking at a short-term effort directed at that?

THE W TNESS: We have not nade the final
decision on the short-term effort. W see sone
significant difficulties. If I were to be honest, |
would tell you we see sonme significant difficulties in
a short-term effort based upon the data we have seen,
the data that's been submtted that's in the regulatory
docunent -- the docket.

MR CLARK Now, basically that data is the
bi ggest inpedinent right now to inplenenting the
recommendation directed at the 7372

THE W TNESS: Yes, it is a major inpedinment.

MR CLARK Who provided that data?

THE W TNESS: The Air Transport Association
provided it. The chart was devel oped by one of the
airlines specifically.

MR. CLARK But the airline feeds their

CAPITAL HLL REPORTING |INC
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information through ATA, Air Transport Association?

THE W TNESS: Sonet i nes. Sonetimes, it's
direct. | nean, that's the normal way we use to get
oper at i onal i mpact.

MR, CLARK: Are the airlines generally in
favor or disapprove of trying to inplenent this
recommendat i on?

THE W TNESS: | don't -- | can say that |
haven't heard anybody at the FAA or the airlines say
they don't agree with the objective or the
recomrendat i on. The timng is the big issue.

MR CLARK That they have several years to
do this.

THE W TNESS: And | know there is sone
di scussion about -- and | nmentioned earlier about 57
paraneters versus 88 on brand new airplanes.

MR CLARK But that's on the other existing
airplanes or new airplanes, the 57 paraneters.

CHAIRVAN HALL: M. dark, if 1 could just
join this with you for a second. | just want to be
sure that it's placed on the record here that there
were two recomendations made for the board in this
area of flight data recorders.

One of them was an urgent recomendation.
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The other was not an urgent reconmendation. There is a
difference in how we treat those recomendations and
how you accept those recomendati ons.

I think that our concern is that it appears
at present that the recommendation that we nade that
was urgent on the 737 retrofit is included in the sane
rule making that addresses the retrofit of all existing
ai rpl anes. A process that traditionally, | believe --
and if I'm incorrect, tell me I'm wong -- is it takes
approximtely two to five years.

Wat we are requesting is that that
reconmendation be treated urgently and | -- that,
again, is why | had asked about the possibility of
expediting the process. I just want to be sure that we
don't mx the status of these two reconmendations that
were made by the board to the FAA One was urgent
That one is extrenely inportant, but it was not in the
urgent category.

Pl ease proceed.

MR CLARK The estimate of the two to five
days, You indicated, cane through ATA

THE W TNESS: Two to three.

MR, CLARK Two to three, 1'm sorry. We' ve

tal ked about possibilities and probabilities. Is it

CAPI TAL HILL REPORTING |INC
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possible that ATA inflated those figures to forward the
urgent nature of this recomendation, so they can take
the two to five years?

THE W TNESS: I would prefer you ask them
that question. | really don't have any basis on which
to nmake an opinion.

MR CLARK Wll, let nme follow up. You're
the one that has to deal with their estimate of tine.

THE W TNESS: Ri ght.

MR CLARK If it's possible that they' ve
inflated those nunbers, what action would the FAA take
to find out what the real nunbers should be?

THE W TNESS: In every rule naking we
undertake, we recognize the possibility of whatever the
side of the issue the people are on, that they wll
inflate their position. It would not surprise us that
sonebody inflated their position.

W just consider that in everything we do,
and we have people, economists, that have abilities to
go out and to do their own assessnents of costs. W
also have a lot of people that work for the FAA that
used to work for the airlines, that can give us
opinions on what is maybe inflated and what is not.

MR, CLARK Is that discussion going on

CAPITAL HILL REPORTING |INC
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within FAA today on this --

THE W TNESS: Yes, it is.

MR CLARK -- two to three day estinmate?

THE W TNESS: Yes, it is.

MR CLARK Do you have experts working on
this to use their judgnment, if this can be handled on a
series of overnights or whether the time can be cut to
a day and a half?

THE W TNESS: It is. It is sonething that
the people that are on the team from the FAA have sone
experience in, yes.

MR CLARK Back to Chairman Hall's question

What is the status, is it still actively being
considered right now for the urgent part of the 737
rack? Is that still actively being considered wthin
the FAA at this tinme?

THE W TNESS: It is, yes

MR CLARK: So wthin the rule-making
process, there's still a possibility that the FAA wll
find that--

THE W TNESS: Yes, there is.

MR CLARK -- it can be acconplished in a
series of overnights or that it is inportant enough to

i npl ement these reconmendations, even though the
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airplanes nmay be on the ground for an extra day or two?
THE W TNESS: Yes, there is that possibility.
MR, CLARK: Wthin the -- are you famliar

enough with the issues that this two or three day

estimate mght be acconplished concurrently with C

checks at this tine?

THE W TNESS: | don't have a lot of personal
expertise on the G- checks. The data that we are
receiving is that the GC-checks are quite full right

NOW. Many of the airlines just recently finished their
11 paraneter upgrades that took -- that was done during
C- checks. People are putting, have put in wnd shear
equi pnment, heads up displays. Things that they are
trying to do to inprove their operational usage of the
aircraft are all being done on GC checks.

One of the comrents we got about the GC check
was that if you look at the tasks that are being done
to put in the flight data recorder paraneters, you're
routing wires and you' re connecting wres. Saf ety
tells you to take power off the aircraft when you're
doing things like that. That is certainly going to
di srupt other activities in the GC check.

The airlines seem to think that really even

to do this on a Ccheck, it wll require an extension
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of the G- check. By how much, nmaybe we're in the area
of inflated nunbers. I don't know. But if you extend
the C-check any anpbunt, you reschedule -every airplane
in the system because they are all scheduled based
upon they're going to be in this place at this tine and
then the C-check is due.

It's a very conplicated task to look at the
i mpact of this.

CHAl RVAN  HALL: But the inpact we're | ooking
at is primarily an econom c inpact. Is that correct?

THE W TNESS: Yes.

MR CLARK Are you famliar with the data
that the economist put together to evaluate this?

THE W TNESS: Not intimately, no

MR. CLARK: In one sense, and | may be mXxing
apples and oranges, you comented earlier about the two
and a half years to inplenment part of the
recommendations for the existing fleet, other than the
737. Are there considerations made to inplenment the
737 concurrent with C-checks or is the -- wouldn't that
at least mnimze the tine that the airplane would be
down?

THE W TNESS: I"'m not so sure | fully

understood which recomrendation you were talking about?
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MR. CLARK Vell, I'm still talking about the
737.

THE W TNESS: Just the 7377

MR CLARK To look at trying to inplenment as
much as possible concurrent with the GC check?

THE WTNESS: | think, yeah, | nean, that's
clearly being considered as part of our package. |
guess, what is a Ccheck, 3200 hours or sonmething Iike
t hat ?

MR. CLARK: How often do they conme up?

THE W TNESS: Thirty-two hundred hours, |
think, is a fairly good nunber, if ny nenory serves nmne
correct.

MR, CLARK How long will an airplane fly
before it accunulates to 3200 hours? Are we talking a
couple nonths, a couple of years?

THE W TNESS: Cee, | really don't know G ve
ne a couple of mnutes, | could probably give you a
guess.

MR, CLARK: Can you describe for us the
nature of the neeting yesterday that apparently dealt
with the ARAC comittee? You don't know all the
pl ayers. O you can get us a list, |I'm sure. But what

was going on yesterday in that effort?
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THE W TNESS: In ARAC, there's a formal ARAC
comittee. That's where the public discussions of
matters take place. That conmttee then forms working
groups to deal with the details. Yesterday's neeting
was where the working group reported out a product to
the ARAC committee for the ARAC comittee's thunbs up,
thunbs down vote on the package. And there were, |I'm
told, a couple of issues that needed to be dealt wth.
One was economic analysis and the other one was the
par anmet ers.

MR CLARK: Wio wites those issues?

THE W TNESS: I don't know

MR. CLARK Was that within the working group
or was that --

THE W TNESS: I think it was within the ARAC
conmttee itself.

MR CLARK The higher level commttee rather
than the working group?

THE W TNESS: Yes.

MR. CLARK: I'"'m going to change subjects here
back to the recent flight test, the sinulator
devel oprent flight test. You indicated you're aware of
the issues that arose out of that flight test, about

controllability with a simulator rudder hardover and

CAPI TAL H LL REPORTING | NC
(202) 466-9500



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

1933

|ateral controllability.
THE W TNESS: Some of the issues, |'m
famliar wth.

MR CLARK: Sonme of the issues.

THE W TNESS: | think Les Berven is far nore
famliar than | am
MR CLARK Ckay. In the specific area, he's

the test pilot, the FAA test pilot that was involved.

THE W TNESS: Ri ght.

MR CLARK But within those issues, since
those issues did arise, whose responsibility is it at
the FAA to take those issues and resolve then? \Whose
task is that to --

THE W TNESS: W would first expect Boeing to
take the issues and resolve them Then the ACO the
Aircraft Certification Ofice, wuld be the one that
woul d oversee to make sure that what was done is
sonething we agree wth.

MR, CLARK: That's basically M. Riggin?

THE WTNESS: M. Riggin's organization, yes.

MR, CLARK: But the fact is, who gives M.
Riggin's the guidance? | nean, is the FAA raising
issues on that also and tasking Boeing to assist in

resolution of those or how is all that inplenented?
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THE W TNESS: | don't know. The only issue
I'"'m aware of from that testing that preceded the wake

vortex testing is the issue of blowdown angle on the

rudder . | know -- | nean, |'ve been told that that's
been put in the simulator and reflown already. But |
know there are other hinge nonment data and stuff |ike

that, that needs to be put in and M. Riggin's
organi zation of either one that would be follow ng that
effort were at Boeing.

MR CLARK: But in the larger context, if we
have -- whatever the blowdown limt is, whatever that
rudder is that we can deflect the lateral
controllability issue, is can the airplane maintain
real control or are there training issues or equipnent
changes that can be nmde? W0 defines those issues?
It beconmes a question of certification issues or
possibly recertification by new rules today that were
not in effect. Wio handles all of that?

THE W TNESS: It would be --

MR. CLARK Who sets the policy for M.

Rig-gin to make sure that those are all properly
resol ved?

THE W TNESS: It would be M. R ggin's

responsibility to do it wth appropriate nanagenent
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oversight by Ron W)jnar, the manager of the transport
directorate, M. Stu Mller, who's the nmanager of the
transport policy staff who gives transport policy, and
nyself and ny deputy Beth Yost. I can assure you that
all of those people will be in that chain.

MR. CLARK: And they're busy on this issue

ri ght now?

THE W TNESS: | nean, Ilcouldn't tell you how
busy they are, because | haven't talked to them about
it. I"'m sure they are.

MR CLARK: The issue is present all the way
down through that -- all the way to Boeing, in your
estimation?

THE W TNESS: | have personally had
di scussions over the blow down angle.

MR CLARK Wth all of that in progress,
either from M. Riggin's level or below up to your
| evel, how does the FAA view the criticality of that
i ssue?

THE WTNESS: Ch, | think it's inportant to
get the sinulator corrected where it needs to be
corrected, where those corrections are inportant to
studying the events of the Pittsburgh accident. And

I"'m sure it will be given the appropriate priority both
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MR. CLARK: But the issue is -- is the issue
sinply the simulator? | nean, the airplane gave us a
denonstration of controllability and we'll be
discussing that with the test pilots here in a little
bit. But the issue comes back -- am | reading, that

you're going to use the simnulator

to explore those

issues further in the reliable controllability?
THE W TNESS: I don't have know edge at this
point of exactly what our plan would be to revalidate

or relook at

going to use the simulator to go out and |ook at

of the envel ope of that

in flight tests,
sinmulator in there --
that's why we really
i mportant.
MR. CLARK:
you can go do the --
THE W TNESS:
to sone parts of the
MR. CLARK:
THE W TNESS:

be doi ng.

the sinulator.

we ought

ar eas

aircraft that we didn't |ook at

to have that validated

that sinmulator data in there, and

t hought those tests were

Get the simulator down and then

Right, we're not going to fly
envel ope.
-- paraneter studies.

That's not the safest thing to
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MR CLARK Sur e.

THE W TNESS: The other thing that you're
going to get out of the simulator that you don't get
out of the actual airplane is all the what ifs that you
want to set up, that you really want to explore
instability or marginal conditions.

MR. CLARK Pilot reaction and pilot
recovery?

THE W TNESS: Al of that, right. Al t hough,
you're recognhizing that the end cap sinulator doesn't
give you G s.

MR. CLARK The one feedback in the vertical
di rection.

THE W TNESS: Yeah.

MR. CLARK: The last area that | would Ilike
to cover. W talked about the airworthiness directive
dealing with the servo valve and the over travel. That
cones under your area also, sonewhere down the
certification line. Are you aware if any other
manuf acturers or, | guess, M. Wilz talked about third
party. Are any other third-party people out there
approved to inplenment this AD?

THE W TNESS: I don't specifically know the

answer to that. But let me, though, describe what the
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AD requires and that partially answers your question.
The AD requires that a specific part nunber be placed
in that PCU. That part nunber is manufactured by one
person, one conpany.

If any other conpany under a PMA or an S FAR-
36 or an owner-operator of an aircraft were to decide
they wanted to manufacture their own part, it would
require an alternate means of conpliance to the
airworthiness directive, because that part nunber would
be a different part nunber than the one referred to in
t he AD. That would require the by AD |anguage, that
would require the ACO in Seattle to approve that.

It's exactly the chain that the CERT team
recommended be done for critical parts. So we feel
very confortable that if there's anybody out there that
would ever want to make one of the new parts, we' ve got
the right surveillance of it.

MR. CLARK But you're not aware right now if

anybody is doing that --

THE WTNESS: No, |I'm not aware.
MR. CLARK -- other than Parker?
THE W TNESS: I'"'m not aware at this point.

MR. CLARK: They may be, but you' re not

awar e.
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THE W TNESS: | thought | heard Parker was
providing them for free.

(Laughter.)

THE W TNESS: I don't know. But if they
were, | can't believe that anybody would ever want to
go out and pay for one.

MR QA  Wll, okay. Thank you.

CHAI RMAN HALL: M. Marx.

MR MARX: I'm a little bit confused about
what -- |'ve heard the statenent on the standby rudder
as any galling in that position would not be an unsafe
condi ti on. | also heard that this is not a safety of
flight issue. Could you tell nme what your reasons why
you think this is not an unsafe condition?

THE W TNESS: W articulated those in a
docunent, which wthdrew an airworthiness directive
dealing with the galling on the standby actuator. It
was a proposed AD. And basically -- 1 don't renenber
all the details, but it was basically four cues that we
t hought were available to tell the pilot. And | don't
know if maintenance was also involved in that Iist, but
four cues that would identify that galling was taking
pl ace.

W also believed that if there was galling,
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if there is a full seizure, that it would not be an

unsafe condition. So on the basis of that, we wthdrew

that proposed airworthiness directive.

MR MARX: Do you know what thoseues are?

THE W TNESS: Not of f hand, no.

MR MARX: Do you consider galling on the
standby rudder to be an extremely renote condition, a
probability or would you consider it?

THE W TNESS: | really wouldn't know I
don't have any nunbers on how often it occurs.

MR MARX: If you knew that it occurred on
two airplanes or even three airplanes, would you
consider that extrenely renote?

THE W TNESS: Sixty-seven mllion flight
hours is about 1.5 tines ten to the mnus eight
reliability. If it occurred three tinmes, that would be
4.5 times ten to the mnus eight. So that's a pretty
renote event.

MR MARX: Wll, has the FAA |ooked at the
actual bearings, the shafts and the bearings to find
out if they had galling and taken a check of airplanes
and fleet to find out what the probability is for
gal I'i ng?

THE W TNESS: | really don't know if the ACO

CAPI TAL HILL REPORTING |INC
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has done that. The people that would be doing it would
be the systens engineers, Ken Frey and others like that
in the Seattle ACO | have really no know edge of

whet her they have done that or not.

MR MARX: What's a consideration for a
single hydraulic failure in an airplane? |s that
considered sonething that we would need to take into
account ?

THE W TNESS: Under today's rules, you nust
account for a single failure.

MR MARX: | would like to refer you to
Exhibit 9X-1, page 3 and page 4. Actually, it's at the
end of page 3 and at the end of -- and the start of
page 4.

CHAl RVAN  HALL: Ni ne-X what again, 17?

MR MARX: |I.

CHAI RVAN  HALL: Ni ne- X- 1.

THE W TNESS: Ckay.

MR MARX: This states and 1'll say, it says,
“In the event of a single hydraulic system failure, the
standby hydraulic system wll come on automatically
when the flaps are not in the up position." Wat is
your understanding of that?

THE W TNESS: I"'m not famliar with that part
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of the design. | couldn't tell you. My assunption is
that's a valid description of the Boeing airplane.

MR MARX: So if we had a single hydraulic
failure, it would expect that the standby would then be
operational if the flaps were not in the full wup
position?

THE W TNESS: | mean, | don't know. ' m not
famliar with this part of the design and what triggers
the single -- what is triggered by the single hydraulic
failure.

MR NMARX: wll, if this was true, if you had
a single hydraulic failure and you had galling that
occurred onto the bearing of the standby and all the
rudder control is now by the standby, would this be a
safety of flight issue?

THE W TNESS: To determne that, we would
have to -- | would have to look at what the resulting

defl ection of the rudder, what the resulting reaction
on the airplane would be. | couldn't give you that
answer off the top of ny head now.

MR MARX: Ckay. Thank you. That's all the
guestions | have.

CHAl RVAN  HALL: Did the CDR team | ook at that

issue, M. Marx, are you aware?
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MR MARX: well, | think we've asked sone
questions that deal with the standby, but | don't think
that -- there isn't anything that | could find in that

exhibit that would indicate that they did.

CHAI RMAN HALL: M. Schl eede.

MR,  SCHLEEDE: Thank you, M. Chairman. |
just want to try and clarify several issues here that
are not quite clear to ne, but mght be to other
peopl e. First of all, M. MSweeny, could you describe
what the principal differences are between -- or
principal differences between the «certification
requirements for the 737-100 to 500 versus what would
be required today on a new airplane?

THE W TNESS: | nean, wthout boudngit and
even if you bound it, I'm not so sure | could do it. |

couldn't really give you paragraph or even conceptually

what the differences are. | mean, |'m sure we can
provide that, but | wasn't prepared to speak to it.
MR. SCHLEEDE: Well, | wunderstand there's a

great bunch of detail and different amendnents and so
forth to the rules, but in a general sense, we' ve been
tal king about the requirements for FMEAs and
probability analyses, those type of things. The

broader certification requirenents.
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THE W TNESS: If you're talking about control
systens, it's basically that back when the 737 was
certified, it was what we call a single failure rule.

W now have single failures and multiple failures not
showmn to be extremely inprobable. That change cane
about approximately the tinme and | believe was
connected to the fact that airplanes were noving from
manual reversion airplanes to full all-powered non-
manual reversion airplanes. That kind of thinking
going to nultiple failures would be very logical kind
of thinking at that tine.

MR.  SCHLEEDE: And please describe for wus
again the single failure philosophy?

THE W TNESS: Wll, the single failure
phi l osophy is your protect against single failures.

MR.  SCHLEEDE: And at that time, you did not
have to calculate -- quantify the probability of

failures?

THE W TNESS: | don't believe so, no.
MR. SCHLEEDE: Well, it's ny understanding
t hen. I just wanted to see if that's a fact. You were

not required to do the probability analyses in 19657
THE W TNESS: Probability analyses in 1309

was not on the books in the '6Cs, in the late '60s.
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MR. SCHLEEDE: Do you have Exhibit 9X-N as in
Novenber? Its title is "Critical Design Review,
Executive Summary."

THE W TNESS: Ri ght .

MR.  SCHLEEDE: And the pages aren't nunbered,

but there's slide nunbers down in the bottom |eft

cor ner. I would like to go to slide nunber 10. |
don't believe there's a page nunber on it. It's like
three from the end. These are the results of the CDR

executive summary of their report?

THE W TNESS: Correct.

MR. SCHLEEDE: I would like to talk about the
first one there, "The Boeing 737 neets all
certification requirenments." Do you agree w ht that

concl usi on?

THE W TNESS: Yes.

MR. SCHLEEDE: And that's based on the CDR
findi ngs?

THE W TNESS: That's based on the CDR teams
full assessnment of the certification of the aircraft.
Those are the certification requirenents listed in the
type data sheet for the 737 airplane.

MR. SCHLEEDE: And did that basis require --

or include the failure analysis of certain conponents?

CAPITAL HILL REPORTING |INC
(202) 466- 9500



10
11
12
13
14
15
16
17
18
19
20
21
22
23

24

1946

THE W TNESS: | don't believe it did.

MR. SCHLEEDE: It did not?

THE W TNESS: | don't believe it did, no.
MR. SCHLEEDE: Wll, there was a failure

analysis produced for the airplane as part of its
original certification, various items --

THE W TNESS: I'"'m aware that there was one --

MR.  SCHLEEDE: Have you ever reviewed it?

THE W TNESS: -- that the team |ooked at.

I"'m not aware of it. I haven't |ooked at it nyself.

MR. SCHLEEDE: You haven't |ooked at it?

THE WTNESS: No.

MR. SCHLEEDE: You' ve described and defined
for us an extrenmely and probable event as one that can
occur one time in the life of the aircraft?

THE W TNESS: Life of a fleet of aircraft.

MR.  SCHLEEDE: The fleet of the aircraft. |
presune that neans then it cannot occur tw ce. If one
occurs twice, that definition -- it cannot be
characterized as extrenely inprobable?

THE W TNESS: Technically, no, it could not.

MR. SCHLEEDE: Coul d not. Ckay. If it was

sonething was certified under that and determned to

be extrenely inprobable and then there were -- |if
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there's one failure, first of all, is there any action
necessary?

THE W TNESS: It would really depend on the
failure. As | nentioned before, when you have a
failure in-service and that failure is a serious
failure, | think you're conpelled to correct it. |

don't think you can go back and recalculate the nunber

and say, well, gee, that was ten in the mnus, still
ten in the mnus. So we're going to forget about that
failure. I don't think anybody in the FAA would think
t hat way.

MR.  SCHLEEDE: And how is that nunber
cal cul at ed?

THE W TNESS: Wth a lot of experience and a
ot of engineering know edge. W, for instance, have
reliability and probability assessnent training courses
for our own people just because it is an art. It takes
a fair anount of experience to know how to do it. And

it takes experience wth equipnent.

Most people that do it --like, for instance,
engi ne manuf act ur es. | speak of that as an exanple,
because | -- we recently had sone discussions at ny

| evel about it. Wen they look at the probability, say

a fan blade failure or things like that, they throw in
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factors about that count for the fact that the system
is maybe a new technol ogy. They' |l maybe knock it down
by a factor of three or four.

It's probably very conservative, but yet they
recognize that sonme of the estinmates that they mght be
making aren't that all fact based yet, and so they
account for that, and we would certainly require that
kind of a conservatism on new technol ogy.

MR,  SCHLEEDE: If | recall right from sone of
the testinony or from the earlier testinony, other
witnesses and yourself -- but | think M. Kullberg has
told us that since the CDR that Boeing Company --
based on the CDR reconmendations, the Boeing Conpany
has submtted to the FAA its analysis of the rudder
directional control system and determned that a
hardover failure to be extrenely inprobable. Were you
here during his testinony?

THE W TNESS: Yes, | was

MR. SCHLEEDE: Have you -- has the FAA
evaluated and agreed to that subm ssion from Boeing?

THE W TNESS: W have not finished our review
of it. And, in fact, we're asking sone of the nore
know edgeabl e people within aircraft certification in

the area of reliability assessnents and probability
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assessnents to take a review of all of those reports
that have been submtted.

MR,  SCHLEEDE: And is that one of the reports
that you think you wll have your results done at the
end of this nonth?

THE W TNESS: The ACO has indicated to ne
they plan to have their assessnent done by the end of
this nonth.

MR. SCHLEEDE: Along the sanme lines, there's
a couple of ternms that we've used here and are used in
the regulations, and |I'm not sure you ve been asked to
define it. If you can, the term "uncontrollable event”

and "unrecoverable event."

THE W TNESS: Ri ght . | can try to do ny
best . I"'m sure M. Berven will be able to probably do
a far better job than I. But uncontrollable is a
flight test term It's what | would in nmy mnd say is

an arbitrary term And what it wusually neans is that
the particular event has exceeded what we consider to
be either a requirenent |imt or a reasonable limt and
it's sinply that. That we have set a limt.

Let's say you're in a stall and you fully
recover from that stall after three turns. The rule

says you can't go three turns. So we would say that
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maneuver s uncontrollable, because it has exceeded
this limt that we have set. But yet that naneuver
mght still be fully recoverable, as the exanple |
gave, the stall.

MR. SCHLEEDE: That's the uncontrollable.

Now, how about recoverable? Did you --

THE W TNESS: Well, recoverable neans that
you would recover the aircraft wthout an accident, in
nmy m nd.

MR. SCHLEEDE: So you could go out of
control, yet not crash --

THE W TNESS: Be recoverable.

MR. SCHLEEDE: -- and be recoverable.

THE WTNESS: Absolutely. Now, the problem
that | see is | believe that not everybody is using the

word controllable as it was used when it was first
controlled or conceived by the flight test conmunity.

MR. SCHLEEDE: So uncontrollable is in the
regulations and in the certification process is defined

by sonme arbitrary --

THE W TNESS: | don't know if the word --
well, | don't know if the word "uncontrollable” or even
-- well, I'm sure the word "controllable” is in the
regul ation some place. But some of our -- I|ike our
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flight test advisory circular goes through all the
various regulations in Part 25 and says there's a |ot
of pilot judgnment that goes into a lot of stability and
handling qualities and things like that.

And we've issued advisory circulars that

says, for instance, on an auto pil ot runaway, you can't

exceed X nunber of degrees of roll angle. I think it's
60 degrees or sonething like that. W consider that
uncontrol | abl e. If you had 65, sorry, you didn't neet

the intent of what we think the rule neant.

MR.  SCHLEEDE: Well, |'m sure wean ask M.
Berven sone questions, but | just wanted to ask you
sone on the sane area. W also -- in sone of the

certification |anguage and docunents we've seen, the
phrases are certain events that occur are rationalized
by the pilot of being able to recover or nmintain
control -- I'm not sure of the exact word -- wthout
using exceptional --

THE W TNESS: Exceptional piloting skills.

MR.  SCHLEEDE: -- piloting skills. Coul d vyou

help us figure that one out?

THE W TNESS: I will decline that request. I
do -- | am not an expert on exceptional piloting
skills. | am not a pilot. I would really not want to
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hazard any kind of an opinion on that.

MR.  SCHLEEDE: | appreciate that. But it is
a term that's used in the certification --

THE W TNESS: Yes.

MR.  SCHLEEDE: -- in the world and the
docunments, and it's sonething that we're trying to
under st and.

THE W TNESS: Ri ght. Frankly, because it is
subjective in sone regards, when we do a certification
program if we have any doubts about that subjective
criteria, we can form what we call MeOTls, nultiple
expert opinion teans and it would basically -- in this
case if it was a pilot thing, it would be three or four
pilots that would fly the same aircraft. And that team
would cone up wiht a decision that they would then
submt to nmanagenent as the teamls opinion of that
particular aircraft.

Now we have done that in the past. Not very
frequently, but we have done it.

MR. SCHLEEDE: I"'m going to try to pull this
together in one nobre question. If we have an extrenely
i mprobable event that occurs and it results in an
uncontrol lable situation and unrecoverable, in both, is

that in the certification world an acceptable
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situation?
THE W TNESS: Yes, because the rule says you

must protect against multiple failures not shown to be

extrenely inprobable. If the failure condition is
extrenely inprobable, it 1is acceptable.

MR.  SCHLEEDE: well, part of our dilema, |
think, or at least mne -- maybe I'm the only one -- is

that the FAA has not nmade a determ nation about the
rudder hardover being an extrenely inprobable event.
That determ nation has not been reached by the FAA
And yet, what we understand from the data and from our
investigation, that in certain flight regimes, the
lateral control system is insufficient to handle a
har dover rudder.

Can you help nme understand, see ny perplexion
here? Does that airplane neet requirenents?

THE W TNESS: Wll, the airplane, as the CDR
team correctly determne, neets its certification
basi s.

CHAI RVAN HALL: What is its certification
basis, 19607

THE W TNESS: Ri ght . That certification
basis listed in the data sheet. Now, the CDR team went

beyond that, and that's -- and | think the question you
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raised is the question that they have raised to
themsel f, which | would say postulated the
recomendations they nmade, let's go back and |ook at

t hat . And that's what we're really trying to do right
NOW.

MR.  SCHLEEDE: Well, maybe [|I'm confused
because of the summation in the results section of the
executive sunmmary says the Boeing 737 neets all
certification requirenents.

THE W TNESS: Ri ght.

MR.  SCHLEEDE: | was just trying to fair it
out. It's all of the certification requirenments that
existed in 1960.

THE W TNESS: That it's required to neet,
right.

MR.  SCHLEEDE: I"ve still got sone nore here.

THE W TNESS: Now, keep in mnd, we have not
stopped at just that statenent. That's what the whole

CDR is about and that's what the whole discussion is

about at this hearing, | would say, or Board of
Inquiry. Let ne be correct there.
MR.  SCHLEEDE: In sone of the original -- and

| asked these questions of sonme other wtnesses

earlier. In the original certification failure
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analysis, there were certain itens listed and responses
as used as a basis for that failure analysis. One of
them was a jam in the directional control system that
would lead to a hardover rudder and that was the
condition listed to be evaluated. The result or the
response to that was that the pilot could deviate
hydraulic systens.

My question and | know the CDR team |ooked at
this, but they didn't cone to definitive conclusions.
They just raised concerns. My concern is that there is
no procedure in the flight manuals for pilots for
hardover rudder situations to turn off the hydraulics,

even though this condition was cited as the proper

response to that condition. How do you reconcile that,
so that | can understand it that's not a problenf

THE W TNESS: Wll, | would look at any
condition like a full rudder deflection in two phases.

The first phase that | would look at is getting

control of the aircraft. And then second phase is now
t roubl eshooti ng what happened and how can | resolve the
problem | have in front of ne. I would contend that

that is the way the original certification |looked at it
based upon the small anmount that we can glean out of

sonme of the material we have from sonme of the type
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is gain control of the

Gain a

troubl eshooting it. |

think it's the troubleshooting phase

off of the A& hydraulic system was

don't think anybody would suggest

controlling the airplane,

t hat

t hat

this shutting

tal king about. |

bef ore

that anybody would start

shutting off hydraulic systens.

acci dent,

ability to get

Unfortunately,

they never reached phase

woul d say

in t

t wo.

MR. SCHLEEDE: Do you think

circunstances exist?

THE WTNESS: Under

| think there is, yes.

to phase two under

when

his particul ar

there is the

t hose

the circunstances of 427

MR. SCHLEEDE: Could you explain?

THE W TNESS: Vell, | think

were to accelerate slightly, it's

talking to the people that

certificat

of the ailerons.

t he wings

you enter

nmy

i f

the aircraft

under standing from

work in aircraft

ion, that you would gain nore authority then

and pull wup the aircraft.

phase two.
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MR. SCHLEEDE: Then it goes back to ny
original question about that type of a failure node.
I"'m not aware of any procedure or training in that
maneuver existing or required for pilots. So how could
that be an acceptable situation?

THE W TNESS: I think we're |ooking at what
was perceived in the mnds of the certifiers back in
1967. I wouldn't disagree with your assunption or wth
your statenment that there are no procedures spelled
out. W, though, have over the years nany, many events
where pilots have been very -- have used great
ingenuity in troubleshooting aircraft. And it comes
from their understanding of the systens during pilot
training on that particular aircraft during their type
rating.

I think, like sone of the other things that
we've tried to deal with here that have given us
difficulty, we're trying to resurrect in the mnds --

in our mnds what people had in their mnds back in

' 67.

MR. SCHLEEDE: Thank you. I would like to
skip to a couple other subjects here. On the service
difficulty reporting system | don't think you
nmentioned specifically -- well, on the subject of how
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you get incident input. I want to go beyond the SDR
system to input from the international comunity or
from the arena. How does the FAA get service
information on international?

THE W TNESS: There are a couple of ways.
Service information is provided back to the
manufacturers from the international operators through
a network that the manufacturers have. W have access
to that any tine we want. W would becone aware of
events that are of significance.

Also as authorities -- the authorities of
Europe and the United States have pretty close working
rel ati onshi ps. If there are any significant events,
that information is shared immediately. Ve tal ked
earlier about or sonme people talked about the roll
event or the oscillating roll event in England. I was
aware of that the day after it happened by a fax sent
from Peter Harper, ny counterpart at the U K CAA

Those kinds of communications are al nost
routine. There are even -- there are nore
conmuni cations between the working levels of those
authorities and the various ACOs or the Brussel's
of fice.

MR. SCHLEEDE: And is that frame work for
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that type of conmunications within any |CAO annexes or
requi rement s?

THE W TNESS: Wll, the only [ICAO requirenent
that | can think of that would be related would be the
requirement for us to provide as say the certifying
authority of U 'S products, service information
wor | dwi de. And we do that with the airworthiness
directives and if there are matters that are of -- we
deem to be significant that aren't airworthiness
directives, we sonetimes wites letters and send them
to a list of authorities that we have.

W know by authority throughout the world
which authorities have which aircraft on their
registry.

MR.  SCHLEEDE: Anot her  subj ect. On the
service bulletin issue, we wunderstand service bulletins
when they're issued are not considered safety of flight
items. There was earlier testinony on that.

THE W TNESS: Service bulletins thenselves
generally aren't. The nmanufacturers sonetines issue

redline service bulletins or make recommendations that

there be nandatory. They are not nandatory in the
sense of the FAA until we issue an airworthiness
directive.
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MR. SCHLEEDE: But when a manufacturer issues
a plain service bulletin with no other adjective, is it
considered a reliability, nmaintainability issue or is
it content?

THE W TNESS: My inmpression is that nost of
them are that or product inprovenent. Anyt hing that
woul d, for instance, reduce the anount of inspection
time that a carrier wuld have to take on a product by
working a service bulletin, they would certainly want
to do that.

MR. SCHLEEDE: And we understand that Boeing
has testified they're preparing service bulletins for
and working on yaw danmper situations and standby rudder
actuators. If an event such as a yaw danper
mal function that's not considered a safety of flight
item causes an accident, does that change the --

THE W TNESS: Yes.

MR, SCHLEEDE: -- definition?

THE W TNESS: If an event can be proved to
cause an accident and a service bulletin is issued to
correct that event, there's alnost certainty that would
be an airworthiness directive.

MR. SCHLEEDE: And this mght be nitpicking.

But if a flight attendant gets knocked down and breaks
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an arm which is defined as an aircraft accident, would
that count?

THE W TNESS: Yes. W would give great
consideration to that event as being an unsafe
condi tion.

MR.  SCHLEEDE: One other question regarding
the testinony of the SAE commttee and the assistance
that you've asked for on the fluid contam nation. Was
it -- 1 think | wunderstood from the testinony yesterday
from M. Knerr, that the FAA cane to him or the
committee in Cctober for assistance? The SAE --

THE W TNESS: A- 6.

MR.  SCHLEEDE: The SAE committee, is that
correct, in OCctober?

THE W TNESS: | don't recall, but that sounds
like about the right tine.

MR. SCHLEEDE: That's all | have, M.
Chai r man.

CHAI RVAN HALL: M. MSweeny, we have kept
you up here a long tine. I have sone questions,
however, and | want to try to go through them and [|'I]
try and do them as quickly as | can. First, 1in your
position as the director of the Aircraft Certification

Service, how many enployees report to you and do you
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have an idea of what your budget is?

THE W TNESS: W have a little over 900
enpl oyees, and ny budget, hopefully this year, which
was just --

CHAl RVAN HALL: Well, we both know -- well,
it was signed.

THE W TNESS: Qurs was signed. W're back in
busi ness. It's around $71 mllion.

CHAl RVAN  HALL: well, while all of us here
have an interest and the parties in this organization,
you and the nenbers of the FAA and the NTSB are in a
slightly different category, because we're funded by
the public.

W have this system set up which has seened
over the years to work pretty well, but it requires
extent scrutiny in regards to accidents and
particularly major accidents in this country involving
scheduled airline service. W have a situation before
us that with these two accidents that, of course, has
conmanded a lot of our resources and obviously a lot of
your resources, as well, as the parties.

My interest in this is to try and be sure
that we are doing everything in as tinely a fashion as

possible and reporting to the public in as tinely a
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fashion as possible, and that was one of the reasons
that | wanted to have this, what | guess has been
called an wunprecedented second hearing on this
i nvesti gati on. But we have expended or you have
expended quite a bit of resources in terns of this
critical design review

There are, | believe, 27 recomendations that
have been nmade. And rather than try to walk you
through those, what | was wondering is would you be
willing to provide for the record within say a seven-
day period of time, the current status of the FAA on
those 27 reconmendati ons?

THE W TNESS: Yes.

CHAIRVAN HALL: M. Haueter, if you could
pl ease follow up on that. And, again, ny interest is
that we are sure that -- and this hearing reflects to
the public everything that has been identified --
everyone is noving with the type of diligence that 1'm
sure the public expects, to address concerns that have
been raised and recommendations that have been raised
in this report.

In that regard, there was a discussion, |
guess, earlier of the Boeing 737 events that have

occurred. That, | believe, is Exhibit 13X-C. O  those
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events, | believe 15 of those events have been reported
by USAir. That gets ne to the subject that M. Haueter
has raised in regard to this retrofit that is a
nodi fication of the power control wunit, which is called
the Mac More phenonena, in which the industry had five
years to conplete this nodification.

W received testimony in Pittsburgh that
USAir had accelerated this replacenment program from M.
M chael Cohen, their vice president of naintenance,
stating that they anticipated having the 235 aircraft
retrofitted with the reworked power control wunits by
the end of 1995. Do you know the status of that, sir?

THE WTNESS: No, | do not, but | certainly
can provide it to you.

CHAI RVAN  HALL.: General, would you know and
could that be provided to us, sir?

GENERAL ARVBTRONG W can provide that to
you.

CHAI RVAN  HALL: Thank you very nuch. I woul ci
also like that to be part of the record. Agai n,
insuring the public that we are doing everything in
this investigation to insure that every item is
followed up on.

In addition, if | can find ny notes here --
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I"ve got so much paper | can't see over it.
(Pause)
CHAl RVAN  HALL: Just again to clarify the

results of the study where it says, "The Boeing 737

neets all certification requirenents." Wuld you
please tell nme, in your opinion, what that statenent
says?

THE W TNESS: In my opinion, it says that the

airplane neets the certification requirenments enbodied
in the certification of the basis of the airplane as it

was type certificated originally.

CHAI RVAN  HALL: Thank you. I'"'m going to find
this hear in a mnute, if you'll bear with nme.

(Pause.)

CHAl RVAN  HALL: I had sone follow up here on

if you were aware of sone reported incidents regarding
a phenonmena called "blue water."

THE W TNESS: Somewhat, yes.

CHAl RVAN  HALL: Could you explain for wus what
blue water is and what information the FAA has on that
particular itenf

THE W TNESS: There have been sone events on
aircraft where there have been unusual attitude

changes, roll events, or pitch events. And after the
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conpartnent, there is either

bl ue water.
| aboratory receptacle.
CHAl RVAN  HALL:

of these incidents?

The blue water

And have

1966

forward avionic's

bl ue water

bei ng wat er

or

rem ni sce of

comng from the

t here been a nunber

the avionic's

THE W TNESS: There have been a nunber of
cases where that liquid was discovered in
bay. | would say nunbers -- | don't know.

bei ng sonewhat below ten and greater

that |'m aware of.

CHAI RVAN  HALL: Vel l, what

happen if that -- what are

blue water in the avionic
THE W TNESS:
what the consequences are.

correlation between electr

bl ue water. Whet her that is water or

In one case when it's liquid, | believe,

transm t electricity, and when it's powdery,
But it does -- Ilike any other 1iquid,

electrical transm ssion, shorts if it

connectors and things like that.

CHAI RVAN  HALL:
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There appears
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than five nmaybe,

is

what can

t he consequences of having

so sure we fully know

to be sone

ical conductivity

and that

a dry conpound.

it

clearly
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this come to your attention, of the attention of the

FAA?

THE W TNESS: | believe it was as a result of
an incident on an airplane in which -- and trying to
troubl eshoot the cause. They were in the avionic's bay
and they discovered it. I don't know exactly who

di scovered it.

CHAl RVAN  HALL: It didn't come out of the
service SDR?

THE W TNESS: | don't believe so, but ["'mnot
really that up to date on that issue.

CHAl RVAN  HALL: Let nme ask you just one
guestion and kind of -- so, | guess, just in the comobn
sense category, in ny opinion. Is one individual --
we've heard testinony yesterday that one of the
wi tnesses, M. Newconbe -- | guess, he's the fellow
that handles the SDRs?

THE W TNESS: Yes, the flight standard' s AEG

CHAl RVAN  HALL: Is one person adequate to do
that for the 737 considering the fact that we' ve had
two unexpl ained accidents?

THE W TNESS: Wl l, he was, | believe
speaking about his role in the flight standards

organi zation dealing with service difficulty reports.
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In addition to him there are several people in
aircraft certification that would deal wth the report.

CHAl RVAN  HALL: Just give nme some confort.

Tell me how that process is handled and how nany people
are involved in it and has there been any changes made
in that process as a result of Colorado Springs and
Pittsburgh?

THE W TNESS: The service difficulty reports
that deal --

CHAI RVAN HALL.: Again, | guess, Tom what got
my attention is he said he did the ATR as well, and
that happens to be another accident that we're working
on, so.

THE W TNESS: But we get the service
difficulty reports as does flight standards. When they
reach the Aircraft Certification Ofice, they are
organi zed according to discipline. Is it an avionic's
problem is it an airplane problem is it a power
plant's problem They then go to the branch that deals
with that discipline and in that branch, there is a
person that is responsible for that product, be it the
737.

So in the Seattle ACO there would be a

m ni mum of five people that would be follow ng design
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issues related to service difficulties. And the system
itself has -- and the transport directorate has been
evaluated, | think, a year or two ago and nore
formalized to insure that the follow up and appropriate
action was being taken on all the service difficulties
recei ved.

CHAl RVAN  HALL: Do you feel confortable,
because this area is wunder your responsibility, that
there is adequate personnel to do that function and you
have adequate resources to provide iit?

THE W TNESS: Yes.

CHAl RVAN  HALL: Ckay.

THE W TNESS: And the reason being that it's
our nunber one priority. W always are going to have
resources to do our nunber one priority.

CHAl RVAN  HALL: Wll, | believe that covers
nost of my questions. Unl ess other nenbers at the
front table, the technical staff have questions?
Captain, all the parties?

CAPTAIN LeGROW Thank you, M. Chairman. |
just have one followup question. During M.

Schl eede's questioning, you talked about the single
failure as opposed to multiple failure, and you said

that that changed around the tinme that airplanes went
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from manual reverse into fully powered flight control.
THE W TNESS: That's ny recollection.
CAPTAIN LeGROW Can you tell wus whether the

737 has nmanual reversion on the rudder?

THE W TNESS: It does not have nmanual
reversion. It has a standby system
CAPTAIN LeGROW Thank you. | have no

further questions.

CHAl RVAN  HALL: well, M. MSweeny, you have
certainly been patient. | appreciate very nuch on
behalf of this board and this investigation, the tine
that you have put forward. I will say we just continue
to look forward to working with you under M. Haueter's
direction, to continue to use the public funds that we
are provided to insure that we have done everything on
these two accidents to see if we can determne a
probable cause and cone up with renedies.

I would assume that with the action of your
CDR team that you're looking very closely at vyour
certification process and nonitoring very closely
everything in regard to this plane until we all put to
rest any questions that we have to satisfy our
responsibilities in the safety area to the American
peopl e.

CAPI TAL H LL REPORTING | NC
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I look forward to continuing this with you
and with the other outstanding individuals that work
with the FAA Thank you and you're excused.

THE W TNESS: Thank you.

CHAl RVAN  HALL: Vé will take a one hour |unch
break and return here pronptly at 2:15. W stand in
recess.

(Whereupon, a lunch recess was taken.)
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AFTERNOON SESSI ON
(Time Noted: 2:15 p.m)
CHAl RVAN  HALL: I would like to resume the
Board of Inquiry hearing. "Il call our next wtness,

M. Les Berven. He's a Flight Test Pilot for the

Federal Aviation Admnistration, Jlocated in Seattle,
Washi ngt on.
VWl cone.

(Wtness testinony continues on the next

page. |
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LES BERVEN, FLIGAT TEST PILOI, FEDERAL AVI ATION

ADM NI STRATI ON,  SEATTLE, WASHI NGTON

Wher eupon,

LES BERVEN,
was called as a witness by and on behalf of the NTSB,
and, after having been duly sworn, was exam ned and
testified on his oath as follows:

MR, SCHLEEDE: M. Berven, wll you give us
your full nane, please, and business address?

THE W TNESS: My name is Lester Berven. I'm
enployed with the FAA at Seattle, Wshington.

MR. SCHLEEDE: And your position with the
FAA?

THE W TNESS: I'"'m currently the supervisory
flight test pilot in the flight test branch of the
Aircraft Certification Ofices in Seattle.

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

THE W TNESS: Sur e. | have a BS degree in

CAPITAL HILL REPORTING INC
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aeronautical engineering from California State
Pol ytechnic University in California. | have sone
graduate work in aerodynamics and advanced nmath. |
have been a pilot since I was 16 years old. | have
about 7,000 hours and about 3,500 of those are in
certification or engineering flight test.

I have ratings in all the Boeing airplanes,
except the 707.

MR.  SCHLEEDE: Thank you. M. Jacky wll

pr oceed.

MR, JACKY: Good afternoon.

THE WTNESS. Hi.

MR, JACKY: W spoke together up in the first
hearing up in Pittsburgh and | welcone you back this
af t er noon. Before we get started, | would for you to

give us just a little description about what your job

duties are as a supervisory flight test pilot.

THE W TNESS: Wll, I'm kind of a playing
coach, so to speak. | pretty nuch fly a lot and | also
assign and direct four other pilots -- five other

pilots within ny branch and assign them to different
projects and nonitor their operations and nake sure
that they're following all procedures and techniques

correctly and they coordinate with nme if there's any
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kind of a problem or a controversy cones up.

MR JACKY: And you have been involved wth
the 427 investigation for quite sone tine. I was
wondering if you mght tell us what sort of
participation you have been included in?

THE W TNESS: I'"ve been kind of acting as a
consultant to the NTSB. I"'m not on the performance
board or a nenber of the accident board, but they cone
and ask ne questions from tinme to tinme and want nme to
fly the sinmulator, because | have a fair amount of tine
in the 37 and | have done some certification work on
the followon prograns and on the 1984 certification.

MR, JACKY: Wen you refer to the 1984
certification, would that be for the 737-3007

THE W TNESS: Three hundred, right.

MR JACKY: As far as the work you did, that
would be flight test certification?

THE W TNESS: Yes, it would.

MR JACKY: Could you briefly describe
describe the type of certification flight test that you
did in support of the 3007

THE W TNESS: | didn't do a lot of that,
because | was involved in other projects at the tine.

| did sone of the stability control work and sone of
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the engine out VMCA and VMCG tests. I'"'m kind of a
| ocal expert on engine out stuff.

So the rest of the pilots did probably 85
percent of it, and | just kind of kept ny hand in on
that project.

MR, JACKY: As part of the certification
requirement or part of the certification test, what
sort of hardover or jam conditions would you have to do
for any of the primary flight controls?

THE W TNESS: W don't really do hardover
tests for any of the primary flight controls. VW do
jam tests, which are sonmewhat different. A jam assumes
that the pilot puts a control there and he can't get it
back out again. W use the deflection that we can
think are nost probable the pilot would be using in his
normal  operations.

So we look at jams of the rudder and we | ook
at the jam of the aileron and we also look at the jam
of the elevator. And typically, we l|look at these at
the worst-case conditions. For instance, on the
elevator jam we go out to VMO the redline air speed
at full forward CG and assune that the elevator gets
stuck right there, the stabilizer gets stuck right

t here. Then you conme back and land it wthout having
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to retrimit. And there's some limtations on the
force and you can do that quite readily.

So the jams thenselves are not too big a
pr obl em You can conme back and land the airplane. W
had to show that for any of the flight control systens
that janmmed at any probable flight condition, that the
pilot would use a normal operation and you could neke a
continued safe flight and land it, and we did
denonstrate that.

MR, JACKY: So then if | could sumarize
per haps. Then the work that you did was jans to
what ever the maxi mum extent you would expect for a
normal operation of the airplane?

THE W TNESS: That's correct.

MR JACKY: That's correct. Ckay. What
about trim systens, do you have to test for runaways or
hardover trim conditions?

THE W TNESS: Yes, we check trim runaways
primarily on roll and yaw, because the pitch control
system on the Boeing airplanes are basically multiple
redundant and has a break, as well as cut-out swtches,
and that's considered so reliable that we don't do it.
Because the instinctive pilot reaction in a trim

runaway is to push on the stick. And if you push on
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the stick, an opposition to trim notion locks it up.
So basically you can't really get a trim runaway that
gets to any significance.

For the directional control wth trim we run
that all the way to the stop in all flight conditions
and cone back and land that way. And the aileron trim
al so. Those are very low authority systens. So it's
really not a problem

MR, JACKY: So then you would |ook at the
system at the maximum trim position authorized by the
syst enf?

THE W TNESS: That's right. W run until it
won't go anynore.

MR, JACKY: Is there any sort of -- when
you're doing the certification for that, do you |ook at
it in terms of a static position? Do you put the
rudder out there, or do you actually try and run the
trim at its normal trim rate to that position and then
hold it?

THE W TNESS: W just run it up to the nornmal
trimrate until as far as it goes and then we fly back
and land that way.

MR, JACKY: I would like to talk to you a

l[ittle bit about sone flight test work that has been
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referred to at least this norning and probably sone
other times yesterday. Wat | would like to talk about
is the sinulator calibration flight. So | was
wondering if you could give us a brief description
about your participation in those flights.

THE W TNESS: Certainly. W basically set
those flights up to insure that the simulator tests and
eval uations that we have been doing for the NISB were
going to be correct. So we basically took the airplane
out and did some -- it wasn't a totally conprehensive
test, but it was nostly just on the lateral directional
axi s. W did a couple of tests.

The primary thing that we were |ooking at was
what we call aileron rudder trades. In other words, if
you stabilize at a given speed and configuration and
flat setting gear, if you push on the rudder in a
normally stable airplane, you have to counteract wth
the aileron.

So basically the lateral directional
stability is neasured by how nuch of that you have to
put in, how much aileron you need for a given anount of
rudder. So basically what we wanted to ook at was
what the relationship was between the aileron

defl ection required to counteract the rudder input and
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still maintain constant steady heading flight.

So we did this primary at flaps one and 190.

MR JACKY: Which basically are the
Pittsburgh --

THE W TNESS: That's correct.

MR, JACKY: So then would it be accurate to
say that the objective of the test would be to collect
data to be able to conpare to the engineering
si mul at or ?

THE W TNESS: Yes, basically the sinulator
step is very conplex and very sophisticated and quite
accurate, but it's not exactly like the airplane in a
| ot of cases. You just can't do that. O course, you
can't sinulate the dynamcs and the notion and stuff
like that and whatever. But you can get the static and
some of the dynam c derivatives very, very close.

Basically we went out there just to validate,
to see what the sinulator, how close it was to the
airplane actually.

MR JACKY: And during these tests, what
specific types of nmaneuvers did you acconplish?

THE W TNESS: W did essentially three types
of maneuvers -- well, four actually. The basic one |

just explained was the constant straight heading --
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steady heading side slips all the way out to the full
deflection of the control. And we picked increnents
like one-quarter, one-half, three-quarters, and full
rudder . And we did this at three or four different
speeds from 150 all the way up to about 225 knots to
look at the relationship with speed and to get a little
bit nore expansion, a nore conprehensive |ook at our
conparison with the sinulator data.

In addition to that -- and from that data
back out, you can plot the aileron required to
counteract the rudder input at a constant heading. And
that's a very inportant |lateral directional paraneter
that you use to nake your sinulator work correctly.

In additianal to that, each tine | got to
what | call -- what you call an end point -- in other
words, you were stable there with X amount of rudder at
a given speed and holding constant heading. As |
finished that point, | wuld release the ailerons and
ook at the resulting roll rate, take the aileron
forced back to zero and watched the airplane roll and
ook at the roll rate. Basically, to see how fast it
would roll, because that's another extrenmely inportant
simul ator paraneter.

In addition to that, we did redly sone
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rudder hardovers. And the way we did that was to
mstrim the rudder to a certain X amount while the
pilot was holding it steady to neutral and then release
t he rudder. The way we did that was try to make it
consi stent between each point, because it's not really
possible to put in a fixed deflection rudder hardover,
unl ess you have sonme kind of a restriction on the pedal
and we didn't want to do that.

So basically, we trimed the rudder over to a
certain deflection holding the pedals neutral and then
quickly release the rudder pedals, which essentially
resulted in a hardover rudder to whatever position we
had selected on the trim W did that to one-quarter,
one-half, and three-quarters rudder deflection. W
were unable to do the full rudder deflection because of
structural problems with the nmaneuver at that flight
condi tion.

MR, JACKY: What sort of structural problens
are you referring to?

THE W TNESS: As | understood it, during the
safety analysis and the safety briefing we went through
to ook at this maneuver, the Boeing structure's people
indicated that if you did that maneuver to full

deflection at 190 knots, in that configuration, that
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you would cone very close to reach the limt load on

the fin.

Now, that's not exceeding it, but it's up to
l[imt | oad. And Boeing rightly so says that they don't
want to go to nore than | think it's 80 percent of any
l[imt load in any structure unless it's instrunented.
And they were willing to do that, but we had to pay
nore and wait |onger.

MR,  JACKY: Before we go on, maybe | should
back you up a bit. Could you tell us what type of

airplane was it that you were doing the tests on?

THE W TNESS: It was a 737-300. I don't know
the end nunber. It was a USAir airplane, 533-AU, |
bel i eve.

MR, JACKY: Thank you.

CHAl RVAN  HALL: Who was paying nore now?

THE W TNESS: Whoever was paying for the
tests.

CHAI RVAN  HALL: vell, we divided that test
four ways, didn't we?

THE W TNESS: | don't believe that structural
instrunentation on the rudder was part of the original
deal .

CHAI RVAN  HALL: But it's sonething that can
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be done?

THE W TNESS: Yes. And they would have done
it if we had had instrunentation.

CHAl RVAN  HALL: Vll, | just didn't want to
| eave the inpression that Boeing had nixed it --

THE WTNESS: No.

CHAl RVAN  HALL: -- because all four of us
were participating. M. Seth Schofield had gotten that
plane for us, which we greatly appreciate.

THE WTNESS: No, they didn't nix anything.
Basically, it was just brought up as an inportant
safety item and a consideration to be done. And the
fact that we were getting data at one-quarter, one-half
and three-quarters made it a very sinply and reasonable
extrapolation to the last quarter of the travel. It
wasn't cost-effective to do it.

MR JACKY: Wre there any other maneuvers,
specific maneuvers that were performed during this
flight test?

THE W TNESS: Vell, | also did what | cdl a
slowdown turn, which is basically in the configuration
that I was in, | went up to 225 knots and put the
aircraft in a one and a half G turn and held one and a

half Gs at idle power, as the airplane slowed down
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until | got into stickshaker. And basically that's a
maneuver we do to look at stall warning and other
characteristics. But basically what | wanted to do was
to evaluate that to validate the drag nodel on the
simulator, to see if the deceleration rate was the sane
and also if the stall warning cane on, the sanme angle
of attack and G speed.

MR, JACKY: Wre there any nmaneuvers done in
conparing roll rates due to wheel conbined?

THE W TNESS: W did do some roll rate
testing, too. W had nodified our mark, the control
wheel position on the colum, so we could get
proportional deflections of the aileron there. And we
did a bunch of roll rates due at one-third, one-half,

and three-quarters and full to look at the roll

capability.

W did -- several of these tests were done
both with and w thout the yaw danper. It's quite a |ot
of data. I think they're still trying to analyze it
all.

MR JACKY: And from these naneuvers and -- |

should ask you this. How many of the flights were you
participating in?
THE W TNESS: I had made one flight. I think
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the flight that I was on was two and a half hours or
sonething like that.

MR JACKY: Ckay. And during this tinme in
any of the maneuvers that you perfornmed, were you
surprised in any way? Wre there any differences from
what you would expect in the engineering sinulator?

THE W TNESS: There was nothing that |
t hought was unusual . W had basically done all of
t hese naneuvers, except the hardovers prior to this.
So it was nothing unusual. In the conparison to the
simulator, we did notice that the rudder deflection
that we were achieving in the airplane was sonmewhat
nore than it was in the sinulator, about two degrees.
Eighteen in the sinulator and a little over 20 in the
ai rpl ane.

MR JACKY: Was there any reasonable
expl anation for why this occurred?

THE W TNESS: I have no idea.

MR JACKY: Then in conparison with the
engineering simulator, when you were performng -- or
how were you able to determne the differences between
the airplane and the simulator?

THE W TNESS: Basically, we had the rudder

defl ection instrunented. For an inportant part of this
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test, was to calibrate the rudder deflection at
different air speeds. And basically, we got to that
point on the straight steady heading side slip at the
last, at the end point where we were at full deflection
on the rudder.

So we could just look at the instrunented
gage or read it from the instrunentation on the back
and they would tell us what the rudder deflection
actually was.

MR JACKY: And you nentioned the steady
heading side slip test. Wat were the varying speeds
again that you attenpted or acconplished these
positions at?

THE W TNESS: | renenber we did them at 150
knots, 170 and 190, 210, and 225.

MR, JACKY: And there's been sone talk here
about lateral stability and lateral control. Coul d vyou
tell us for each one of these air speeds, approximtely

how nmuch rudder you believe that you could counter wth

full aileron?
THE W TNESS: Well, it depends on entirely
pretty much on your air speed. There's a cross-over

point at about 190 knots or just a little bit less. At

which point, the rudder -- full rudder deflection can
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be counteracted with full aileron deflection.

Now on the airplane, that was right at 190
knots, nmaybe just a hair |ess. In the sinmulator, it
was a little bit less than that, but it was very close,
within two knots or so. That's about as good as you
can do.

At 210 knots, you could only go to -- the
maxi mum rudder deflection there was only 14 degrees
with full pedal. So you could counteract that easily
with the ailerons. At 170 knots, you couldn't wuse full
rudder . You were out of aileron before you got to full
rudder. At 150 knots, you were considerably out of
aileron before you got to full rudder.

So below about 170 knots, basically thefdl
rudder deflection over rolls the roll <capability of the
ai r pl ane.

MR, JACKY: At the 150 knot condition, could
you renenber how much rudder you actually could control
with full aileron authority?

THE W TNESS: It wasn't exactly 150. It was
a little less, 146 or 147, when we finally got
stabilized. The data that |'ve seen here shows 14
degrees of rudder with maxi num wheel, which resulted in

about ten degrees of side slip.
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MR, JACKY: And you've flown all these types
of maneuvers on the engineering simulator also?

THE W TNESS: Yes.

MR, JACKY: And how does the difference that
you said you saw in the rudder, how would that play as
far as the lower speeds in the side slip maneuvers?
Could you tell a difference?

THE W TNESS: Little changes like -- well, in
the simulator, you also over roll the ailerons at slow
speed, too. Once you get considerably below 190 with
flaps one, the simulator is actually pretty
representative of the airplane except for the smal
change in the rudder deflection.

So the principle is exactly the sane. The
cross over speed is just a little bit less, because in
the original sinmulator, we didn't have quite the right
rudder defl ection. Wth the new updated sinulator,
it's very, very accurate.

MR, JACKY: You nentioned updating the
si mul at or . Qut of all of these tests, how nuch
difference or updating would you see of the sinmulator?

THE W TNESS: | believe they only did the
rudder hinge noment update. So that any stability and

control derivatives that canme out of our testing have
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not been put into the sinulator. They only upgraded to
the new rudder deflection versus air speed.

MR JACKY: But in ternms of the other flying
that you've done in the sinulator, the mnmaneuvers that
you perforned in the test airplane seem to be fairly
representative?

THE W TNESS: Yes, they were.

MR JACKY: So it was only the difference in
t he rudder. That is the only obvious thing that you
noticed in flying it?

THE W TNESS: And the effect of having |ess
rudder. You've got different speeds in the sinulator
before it had been upgraded.

MR JACKY: Ckay. You nentioned a speed
affecting the stability. Are there any other factors
that would affect the stability? The center of
gravity, for exanple, weight?

THE W TNESS: The center of gravity has a
fair amount of effect on stability, but not a lot on
| at er al di rectional . Basically, the only effect is in
the length of the tail arm which is kind of a
secondary thing.

So | think we were at a relatively

representative CG with respect to the sinmulator

CAPITAL HILL REPORTING |INC
(202) 466- 9500



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

1991

testing. I'"'m sure that when they do the sinulator
analysis, the data -- the analysis of the data that we
took and incorporated into the simulator, you can
easily correct for the CG position.

MR JACKY: Wiat would the effect be as the
CG say, nhoved from aft of the airplane to forward of
the airplane? Wuld you expect the stability air speed
to rise, to lower?

THE W TNESS: Probably from the standpoint of
the lateral directional trades, if the farther forward
in the CG that you are, the longer your rudder arm and
nore effectiveness that you would have. So your
tradeoff speed would nove up slightly.

MR, JACKY: As a flight test pilot, do you
have any way of conparing the type of flying that you

do to a typical airline pilot?

THE W TNESS: Wll, it's considerably
di fferent. W don't get to fly with too many airline
pilots. Sonetines we junp seat places to places to

kind of watch what's going on, and sonetines we get to
fly with people during evaluations, like we did here on
the USAIr.

It's pretty much a difference, nore of a

difference in attitude, | think, than anything else.
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Wat we're looking at is to go out and find something
new in the airplane and do sonething strange. And nost
of our tests are done under pretty controlled
conditions with snmooth air and good weather and

prepl anned by 25 engineers.

And airline pilot, on the other hand is put
in all kinds of wunusual situations in a short order
with darkness and bad weather and flying with different
crews all the tinme. So it's a whole different ball
gane.

MR, JACKY: Have you ever flown at conditions
of approximately 190 knots, flaps one degree?

THE W TNESS: Certainly.

MR JACKY: What sort of phase of flight
would that be in?

THE W TNESS: Wll, it's typically you're
there on a short period of tine during your
acceleration on takeoff when you're retracting the
flaps, but that's a very short duration, maybe only 20
seconds or sonet hing.

So where you would spend a lot of time on
there, sonetinmes you're in a congested termnal area
and ATC wants to space you in wth another airplane

that has that sanme speed, and they want you to go 190
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or sone speed l|ike that. So you basically don't want
to slow down below 210 and w thout any fl aps. so you
put the flaps down and go to 190. And you're going
along there for a while until ATC tells you to turn
here or you're clear for the approach or slow down or
do sonet hing.

So you can spend five, even ten mnutes at
fl aps one.

MR, JACKY: In what speed range could you
typically use flaps one setting?

THE W TNESS: The naneuvering speed for flaps
one, at least on a reasonably light airplane, the ones
that we fly all the time, is 190 knots. They basically
recommend that speed, because it gives you a reasonable
maneuverability nmargin there. I don't know what the
actual nunber cones from I think it's 1.4 tines the
stall speed or sonmething |ike that.

MR, JACKY: But would you say you |eave the
airplane in the flaps one configuration say down to 150
knots all the way or all the way up to 225 knots or
what is that range that you typically operate the
airplane at flaps one?

THE W TNESS: Wll, typically the margin that

we use is about plus or mnus 20 knots. At flaps one,
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you're allowed to go to 230, which is the flap placard
speed, and you can go all the way down to stickshaker
if you wanted to. | guess, that would be down around
130 or 140 with the flap setting like that

The training that we get basically says to
put the flaps down when you' re decelerating toward the
speed within 20 knots of it or if you' re accelerating
towards, you can raise it once you're within 20 knots
of it. So if I'm decelerating from flaps up, | would
start the flaps down at 210 and then fly at 190 if |
was going to be flaps one for a long tine.

If I'"'m raising the flaps from five, basically
I would start them up to one at 170 if I'm
accel erati ng.

MR. JACKY: So can | characterize the speed

range as say maybe 170 to 210 knots? Wuld that be

fair?

THE W TNESS: That's correct.

MR, JACKY: And during this tinme, would you
be -- how much use of the rudder would you expect to be
doi ng?

THE W TNESS: Well, basically none, as long
as both engines were running.

MR, JACKY: Wuld you have your feet on the
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pedal s?

THE W TNESS: Yes, | would.

MR JACKY: You nentioned in talking about
the sinulator and the things that you saw in the
simulator calibration flights -- as part of your job
duties, is there any sort of report or docunentation
that you have to make to your superiors or would you
with Boeing in regards to the flight tests?

THE W TNESS: Are you talking about basic
certification or this simulator test?

MR JACKY: Not basic certification, but just
the flight tests that were acconplished in Seattle.

THE W TNESS: Well, it happens about the sane
in both ways. Your basic certification test and this
test were handled pretty nuch the same way by the
Boei ng system W wote a test plan and in the cert
program we wite a TIA which is a type inspection
aut horization, which is an approval of the test plan.

Then FAA and Boeing gets together and agree
on the test plan and say, here's how it's going to be
and then okay. Then they wite a test sequence, which
is each altitude and each speed and what sequence
you're going to do it in. Then go up and do the tests.

And the engineers get the data, and we cone back and
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land and have a post flight and discuss what we saw and
whether it was acceptable and whether we need to go do
some nore or not.

Then the engineers get together wth that
data off of their instrunentation system and analyze
it, look at what we did, and then they ask us is there
any questions on pilot coments. They get together
W th us. And then they wite up a report called the
certification report, and they send it to us. And if
we like it, we sign it. And that becones part of the
certification docunentation, the type inspection
report.

In this case, it wll just go back to whoever
asked for the test.

MR JACKY: In the certification report,
woul d you expect comrent about this two degree rudder
difference that you're talking about?

THE W TNESS: I would think so, yes.

MR JACKY: Is there any sort of procedure
within the FAA that you would send that to your
supervisor or what sort of reaction would you expect
from the FAA on sonething like that or to yourself?

THE W TNESS: What type of report would |
expect, is that what you asked?
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MR JACKY: Do you have to indicate to anyone
that there is a difference or is that a concern?

THE WTNESS: No, that basically cones out in
the post flight. In fact, | did that when | said, it
| ooked like to ne there's nore rudder deflection on
this airplane than there was in the sinmulator, and they
wote that down. That's going to be included in the
CERT report with a little paragraph about how they're
going to address that. Basically, they're going to
upgrade the simulator to the new deflections.

MR JACKY: If and when the sinulator is
updated, is there any sort of requirenent for you to go
back and check that and say, yeah, that |ooks |ike the
airplane or sign off or anything like that?

THE W TNESS: I don't think there's a
requi renment. I think there's an interest in both
parties in getting the simulator as accurate as
possible, but | don't think we do a very conprehensive
test. Before they got around to analyzing all the data
and upgrading the simulator to the maximum to all the
data that they have. That may take several nonths.

MR JACKY: Now, | would like to switch gears
a little bit and start talking about the wake vortex

flight test. Could you tell us a little bit about your
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participation in those flight tests?

THE W TNESS: Yes, | was basically the FAA
project pilot, along with the Boeing project pilot, M.
M ke Carriker. And the requirenment canme that we were
going to go out and try to evaluate what the response
of the 737 would have been at a certain nunber of mles
behind the 727 to evaluate the encounter that | ooked
| i ke happened on the 427 accident.

So the first thing we did was just get
together and talk about it and say, how are we going to
do this and how is it going to be safe? So we | ooked
at the technology and we had a sinulator that basically
had the vortices shown visually in the picture of the
outside view of the simulator. And they were set up
technically so that as you flew into the vortex, that
you got the sane rolling nonment or the same vortex
intensity that they felt that had occurred during the
USAi r acci dent.

So we flew the sinulator to start with. W
| ooked at it from the standpoint of what the reaction
to the airplane would be, how safe it was going to be,
and we also used it to wite up the test plan, to |ook
at sonme reasonably valid things we could do.

Configurations to use and entries to use and bank
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angles and rates and such |ike that.

So we used the simulator as a tool not only
validated from a safety aspect, but also to cone up
with a reasonable test plan. Once that was done, we
coordinated with the other people at the FAA Technical
Center to make sure we had the airplane and the people
interested in what we were doing. It was an overall
coordination between all the people involved; the NISB
and USAir and Boeing and the FAA It was pretty much a
coordinated effort.

Then once we got down to the point where it
| ooked like it was going to happen at X nunber of days
or whatever, we wote up what we called a safety plan.
And we |ooked at every aspects of the tests to nake
sure we hadn't forgotten something that could bite us
during the test program

So we |ooked at all the aspects of the
interface between the chase pilot, when one was needed
and how nmuch and how long and what type, and the
briefing between the flight crew in the 737, a briefing
between the 737 and the 727 crew, any external people
from the tower and ATC and such as that, and all the
responsibilities and duties of each individual involved
in the project.
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Each one of us sat down and said, what could
possibly go wong. And we had four or five or six
pages of things. Some of them were a little bit far
out, but at |east we over shot, rather than under shot.

So we had every possible thing that we thought of that
could happen and we addressed it. Wiere if this
happened, what do we do, and what are the consequences
if we do it wong and what would be better. Is there
an alternative if it doesn't work.

So we had pages and pages of this stuff. And
we got together with all the pilots involved and the
flight crew and briefed everybody on this before the
m ssi on. And this was a test plan that was agreed to
and sent up to the highest levels of the FAA all the
way up to the administrator, | believe.

MR, JACKY: Was the test conducted under or
to the conformty of the test plan then or the hazard
pl an?

THE W TNESS: Par don?

MR JACKY: Was the test acconplished per the
hazard pl an?

THE W TNESS: Yes, it was. W briefed
everyone. W spent an hour or nore before we ever nade

the first flight and explained to everyone exactly what
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was going to be and we had weather mninmunms and such as
t hat . It turned out very well.

The test was actually flown very, very
pr of essi onal | y. Everyone did an excellent job.

MR JACKY: Could you tell wus exactly how you
were able to fly into the vortices of the 727?

THE W TNESS: Vell, the 727 had been nodified
with snoke generators on the wing tips of the airplane.
That was |oaded up with the sane kind of snoke that
they use at air shows. It's called orcopus oil, |
believe, which is an actual system that lights off and
it's a conbustion type system and burns the oil and
nmakes a thick white snoke. They had it on the wing tip
of the airplane. So that as it came out of the back of
the snoke generator, the flow field around the wng
picked it up and you could visualize the vortex. You
had one of those on each w ng.

So they would light these off basically when
we got where we thought we were at the right spacing
behind the airplane and had adequate weather and good
clearance and the chase plane was in position. They
would light off these snoke generators. And then a
mnute or so later, however long it took us to fly the

three-mle separation, you would start picking up these
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have the 27 going straight and the snoke generator on,
and we could pick up the vortex trails quite easily.

This first interaction was not a loffo
guantitative stuff. Basically, it was kind of a proof
concept to see if we could fly in and out of this thing
wi thout causing any trouble with the airplane or if it
was going to be an wunusual rolling rate or some Kkind of
ot her problem

So basically both of the pilots decided that
we would go out and go ahead and give this a try. So
we just flew formation on the vortex and took a |ook at
it and then basically stuck one wing in it and that
didn't seem too bad. W stuck the other wing in it and
that was all right, too. W got a little farther and
then we flew below it and stuck the tail up in it, and
then we came down through it and up above it and across
it.

Then we tried it in other different ways. W
tried it with the auto pilot on, the auto pilot off,
and we tried it hands off. And it turns out that we
got about, it nust have been 30 mnutes of evaluation
during that very first flight on the very first norning
out over the water. And it did give us sone indication

that basically the vortex interaction was kind of |[ike
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what we thought it was going to be, no big deal. And
the airplane wasn't rolling very rapidly or very far,
and that the G forces that were being counted on a
perpendicular or a high angle entry were not going to
be significant either. And that the airplane had
controllability to recover from or to control it as you
go through any part of the vortex, left, right or both.

So we decided since the weather was getting
even worse, we would break that off and decided that we
had, in fact, fulfilled the requirenments of the safety
plan, to look at this as a proof of concept from a
safety standpoint of high altitude. So we checked that
of f.

The next one we wanted to do was a bunch of
visual stuff under very, very good conditions, so we
could get pictures and sonme data and good conments on
each different snall angle changes and roll rates and
angles and stuff Ilike that. So we had to wait for good
weat her on the next one.

So we were down for a day or so there waiting
for that, because there was a lot of fog.

MR, JACKY: Wen you were performng the
vortex interaction, what type of naximum upset or roll

angle did you see during the encounter?
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THE W TNESS: It varied between how you did
it and where you cane into it. But as a general rule,
what we saw was there was four different cases we
| ooked at. One with the pilot flying normally, as he
woul d react as he went through the vortices. And the
other one was with the auto pilot on, with the auto
pilot in O And then one, we could --

MR JACKY: Wuld you explain what COA5 is,
pl ease?

THE WTNESS: Ch, excuse ne. The auto pilot
has two nodes; one is comand node where it follows the
heading bug or tracks the localizer, and the other one
is CW5, which is control wheel steering, which is kind

of a subnode of the auto pilot that basically says that

if youre less than five degrees, I['ll level the wheels
for you. If you' re between five and 30, I1'Il just hold
t hat bank. And if you're nore than 30, I'Il roll back

to 30. It's kind of an assist to the pilot. It's kind

of a subnode to the auto pilot.

We |ooked at that from the standpoint that
sonebody mght actually be flying in that when they ran
into a vortex. And the fourth one was just conpletely
hands off. Just trim the airplane and fly through the

vortex wthout touching the controls.
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MR JACKY: For the four different types of
interactions they were talking about, as far as
control, what in general would give you the greatest
anmount of wupset?

THE W TNESS: Vell, let's see I'll just give
you the angles on all four intercepts and you can see.
Basically, if you intercept at the vortex trails at a
nore than a ten degree angle, you basically got no roll
at all. It was just a couple of bunps at about 1.4 Gs,
but very sharp -- bang, bang -- as you went across, but
no roll at all.

To get any roll out of it, you had to be I|ess
than a ten degree intercept angle. Between five and
two is pretty good. So the ones we tried were five.

It's hard exactly to tell you exactly where the track

angle on the vortex was. So we just kind of guessed at
it. So it was sonewhere around five or maybe a little
| ess.

Wen you flew the airplane with nornal
control inputs, you could see the vortex comng up like
this, and you basically could just put her right
t hrough your w ndow. You can into it at about five
degree intercept angle. If you stuck -- if you just

flew beside it and stuck the wing tip in it, you would
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just get a little trim change and you could sit right
there and fly Ilike that.

If you went into it at an angle, basically
the airplane would start to roll as you went into it.
And basically it would roll up into the vortex like
this and then it would spit you out into the mddle.
And then as you hit the right vortex, it would roll you
back up to level again or maybe a little bit |ess.

So we did a whole bunch of those. The nost
representative angle that |1 found was about a ten
degree roll angle if you were flying an airplane
normal ly and a maxi mum of about 20 degrees. That was

the same nunbers we got on the auto pilot also and also

wth CWS.

The difference in the COA5 controllability was
that you had a little bit nore force to go wth. But
if youre willing to put it in, it was not a problem

On the hands off conditions, where we trimed
the airplane up and basically just held onto the bottom

of the colum to steer the airplane to go through the

vortex wthout putting any lateral directional inputs
in at all, those angles are a Ilittle bit bigger. |
would say the typical roll in that case was about 20

degrees, and the maximum | saw was about 30.
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W did sonme other stuff, too. W were trying

to get into the left rolling vortex in a left bank.
And to do that, basically we cane across the vortex
trail wunderneath and rolled up to 30 degrees into the
right vortex, and you got basically the same answer.
Wth hands off, they would roll you 30 degrees nore.

So the nunbers that | just gave you were
basically incremental to whatever bank you went into it
with. If you were 20 when you went in, you would be 30
when you canme out or sonething like that, if the pilot
was flying.

Another test that we did interacting with the
vortex was to try to stay in the mddle of it. That
was a very difficult maneuver, because basically the
vortex doesn't want you in there. It spits you out.
So that if you're hands off and if you don't really
fight with it, it wll just shoot you out one side or
the other, and you're only in it for a second or two,
which is the reason you don't get nmuch bank out of it.

If you try to fight with the vortex,
basically we found that the nost roll angle, roll
inputs required was to have the vortex comng right wup
over the cockpit, right on the top of the airplane and

hitting the vertical fin. In that case, at flaps one
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and 190, you basically needed alnost full aileron
deflection to stay there.

W were able to stay in there from tw to
three to five seconds a couple of tinmes, wth maxinmm
aileron deflection without rolling it off. So we felt
that was a good indication, if we knew the control
power of the airplane, what the intensity of the vortex
can be. I think you can calculate it out of that.

W did other interactions, too, where we flew
up between the vortices and down between the vortices.
And in those cases, there was very little roll at all,
just a couple of little bunps again.

MR, JACKY: Did you try flying into a wake
that was descending at all?

THE W TNESS: Yes, we did. W had the 727
descend at a three degree angle and basically flew
t hrough that. And that was essentially no difference
than a |evel wake where you flew up through it at three
degrees, depending on once you hit it. If you hit one
of them it would roll you a little bit one way or the
ot her. If you cane up between them exactly
symmetrically, basically it wuldn't roll. It would
just bunmp as you went through there.

MR, JACKY: If you weren't trying or
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attenpting to stay in one of the vortices or between
the vortices, could you characterize how long it took
for you or how long the interaction was that you felt

like you were being affected by the vortices?

THE W TNESS: Vell, it was pretty consistent.
The vortex itself was not totally honbgeneous. In
other words, it was oscillating a little bit. It
didn't get bigger and smaller and like that. It was

really hard to track it, especially when you're sitting
there with full aileron deflection and the vortex was

hitting the w ndshield and you can't see where it's

goi ng. But it was basically a stable roll situation as
long as you were in it. As long as you were in the
mddle of the vortex, it took basically full aileron.

MR JACKY: Full aileron which way?

THE W TNESS: Qpposite to whichever way the
vortex was turning. In other words, if you were in the
right vortex which was turning left, you would have to
have a right aileron.

MR, JACKY: Could you nmke some conments
about, in general, the behavior of the vortices and how
the vortices behaved, | guess?

THE W TNESS: They varied anywhere from

perfectly straight and parallel to incredibly conplex.
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I was just astounded at how durable they were. W
would get into sone -- the top of some clouds or in
sone thermal turbulence or sonething like that, and
they would becone practically an art form if you want
to call it. It would be so convoluted that you
couldn't even tell which way they were going,
intermxing with each other, but they were still
uni que. Each vortex was still a constant rotating
vort ex.

The ones that we found that were the best was
-- seenmed to be nore of a function of tenperature.
Really cool in the norning, were the snoothest and nore
wel | -defined and constant stable vortices. As it got
warmer, Yyou got closer to the top of sone clouds where
there's energy in the top level and nore noisture, they
woul d beconme nore and nore up and down and left and
ri ght. But they stayed together quite well. At three
to four to five mles even back, they |ooked exactly
the same as they did brought up the w ng.

MR, JACKY: Now, you nentioned being three or
four or five mles back. How did you determ ne the
di stance that you were behind the 7277

THE W TNESS: As | wunderstand it, we had a

radar tracking system It was calibrated with respect
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to the 737. He could tell us exactly how far back we
wer e. So he would keep telling us, 3.1, 2.9, and we
would close it up or back off from that. W had T-CAS
also, which was kind of a rough indication. W could
get into position with that and he could tell wus
exactly within a tenth of a mle where we were.

MR. JACKY: And at what distances behind the

727 did you attenpt these encounters?

THE W TNESS: | flew the first part of it and
I think I flew four and three mle. | think they got a
little closer earlier than that -- later than that, but
the only encounter | saw was typically around four

mles or a little closer.

MR, JACKY: And could you characterize the
upset, if you will, based upon the distance behind the
airplane? Ws it nore upset at three mles or four
mles?

THE W TNESS: I think you'll have to talk to
the second crew here, because | didn't do anything
closer than about three and a half mles.

MR JACKY: So you couldn't tell nmuch of a
difference in the --

THE W TNESS: | couldn't tell any difference

between four and a half and three and a half, no.
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MR JACKY: Have you received any training at
all on vortices or encountering vortices or how to
avoid or mnimze encounters?

THE W TNESS: Sure. Typically, you Ilearn
that in basic flight training and sonme recurrent
training that you go through the airlines. They
basically say stay at or above the other airplane's
flight path on takeoff or |anding. In other words,
nmake sure that you touch down after he has touched
down, so that wake vortices are gone and take off
before he lifted off to keep out of the vortices, as
general rules.

MR, JACKY: And did you see anything during
your -- during the flight test that would nake you
change or wupdate the training that you received?

THE WTNESS: No, | wouldn't say he would
change. The training, | think, was quite validating
what we saw. The vortices off the 27 were typically
al rost always 300 feet below his altitude and they
stayed there. And they cane right up the wing, and a
100 yards later, they were where they were going to be
and they stayed that way all the tine, even back to
five mles back.

So 300 is a good nunber, if you want to know
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where the vortices are on an airplane you're trailing
behi nd. It was an anmmzing test to be able to see these
things and visualize them and know exactly where they

were and fly into them and look at them from all

different angles and all different positions.

| guess | did get a different -- have a
different feeling about vortex interaction after | saw
this test, if we did this for a couple of hours. It's
hard to explain, | guess. But, again, as a pilot, you
see these things all the tine. You've been in and out

of the vortex encounter a 100 times if you fly in an
airline environnent at all.

Typically, you'll be flying along doing

sonething and all of a sudden, whoosh, you'll be rolled
up a little bit and back out again and you'll say, ah,
a wake encounter. And sonetinmes you'll say, boy, we

really dodged the bullet that time because we nust have
been very, very close to this other big vortex over
here, because that wasn't very nuch. So you say, wow,
got out of that one again.

And in truth, after having done this test,
there is no big vortex. What you see with that little
ten degrees or 15 degrees roll rapidly, but not very --

it doesn't last too |ong. That's as bad as it gets.
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You're never going to see anything worse than that.

So basically it validates that the three to
four mle separation for ATC is not a problem at |east
on this class of airplanes.

MR, JACKY: You nentioned in a roll up set,
did you happen to notice in encountering these
vortices, any upset in the pitch access?

THE WTNESS. No, there was very little

effect on pitch or yaw There was sonme turbul ence, of

cour se. But no sustained pitch or yaw at all. 1In
other words, it was difficult in pitch tracking,
because the thing was so convoluted in going like this.

So you're really tracking the airplane to keep in the
vortex, if that's what you were trying to do. But |
didn't see any kind of a pitch up set at all. It was a
very slight trim change as you went through it up and
down, but nothing you couldn't handle with four or five
pounds of stick force.

MR, JACKY: And then you nentioned yaw. Was
there any large change of heading after you flew
through or during in the encounters?

THE W TNESS: | saw very little. A couple of
times we would be flying on a vortex and it would curve
back like this. And | think as you went -- when the
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rudder went through that, it would kick a little bit,

but nothing significant. There was no sustained yaw or
anything you could even talk about. Just light
turbul ence, like noderate turbul ence.

MR, JACKY: Could you feel the vortices
hitting the airplane?

THE W TNESS: From tine to time you could.

It was a very interesting interaction. If you got just
in the right place and the vortex hit the w ndshield,
you could hear it. It was kind of a strange sound,
like you're being hit by a stick on the outside of the
ai r pl ane. It would go woonph. And that was only one
time when the vortex was right in the mddle of the

wi ndshi el d.

If you came up and flew right in there, it
woul d smack you right in the w ndshield and neke that
sound. You couldn't actually feel it. | mean, it was
just a sound. It was very unusual.

MR, JACKY: Wre you able at any tine, able
to get the vortices along the side of the fusel |odge
or maybe into the engine galling or sonething |ike
t hat ?

THE W TNESS: W tried it about in every
pl ace you could think of. W put the wing tip in it
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and both sides, and we walked it all the way down the
wing and into the fusel |odge and under the fusel | odge
and then on the tip of the tail, the mddle of the tail
and on both windshields, and every place you wanted to
| ook at. The interesting point -- | time | flew over
and stuck the vortex in the engine and that was an
interesting point, too, because | was interested to see
if it wuld have any affect on the engine operating
characteristics.

So | stabilized over there and let the vortex
go in the engine inlet, watching the engine
instrunents, having sonebody else watch the engine
i nstruments. Basically, it was really, really
i nteresting. You could see from the visual, from the
chase pl ane.

What happens is the vortex is about -- it
must be four feet in dianeter, at least the snoke trail
part of it is. And that's much snmaller than the in |ot
of the airplane. And the vortex goes straight in the

in lot of the airplane and cones right out the back,

the size of a fan dianeter. So it's small when it goes
in and big when it comes out. And you could actually
hear it when it went inside the engine. It was kind of

a strange sound like blowing over the top of a bottle.
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It had no effect on the engine. I think it
was just an acoustic phenonena and there was no effect
on the engine, other than the fact that you could snell
it as it came through the air conditioning system

MR JACKY: What would it snell [|ike?

THE W TNESS: O copus oil.

(General |aughter.)

MR, JACKY: I"m surprised.

(General |aughter.)

THE W TNESS: G E processed orcopus oil.

(General |aughter.)

MR JACKY: W were talking about the upsets
on any of the three axis. At any tine during your
encountering at vortices, were you surprised or
startled or did you ever feel like you got into a
condition that was of concern to you?

THE WTNESS: No. | think ny final
conclusion was that there was one unconfortable
condition that we flew It was with the ones with the
auto pilot in the OA5 nbde and you try to stay in the
vortex. That was an extreme workload from a forced
st andpoi nt, because the aileron deflections and rates
required there neant that you had to bottom out the

servo on the roll axis. And basically, you were
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holding from 30 to 40 to 50 pounds of roll force to
keep the aileron fully deflected and nove in those back
and forth. About two minutes of that is all you want
to put up wth.

But the airplane certainly had enough
controllability to do that. It was just kind of
obnoxi ous nmaneuver. I would say probably you wouldn't
want to be doing that with the auto pilot on.

MR JACKY: Wuld you say that the auto pilot
would be trying to correct the airplane for entering
and going through the vortices?

THE W TNESS: Yes, it would.

MR, JACKY: Wuld you feel like it would a
fairly effective job of riding the airplane?

THE W TNESS: An effective job of what?

MR JACKY: Riding the airplane or balancing
of the w ngs?

THE W TNESS: Yes. As | said, if you had the
auto pilot on, it was about essentially the sane
reaction as the crew did. If the auto pilot was on, it
didn't roll nore than about ten degrees.

MR, JACKY: Dd you feel that after flying
through these -- or the encounters that you did, were

there any sort of geonmetry or condition that you didn't
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fly or are you pretty well satisfied that you
acconplished everything you could, as far as geonetries
and what not?

THE W TNESS: I think we covered just about
everything that could be done. Like | say, we put the
vortex in every relative position of the airplane,
wing-wise and tail-wise and fuselage-wi se, and we went
up and down and cross ways and rolling and non-rolling.
W stayed in the vortex for it nust have been a half
an hour total right in the mddle of one or two or both
of them

So basically if you watch the video, | think
that's comng up later, you'll see that you can just
pull right up in there with absolute inmpunity and fly
anywhere you want wth respect to either one or both of
those vortices wthout a controllability problem

MR, JACKY: And could you conpare the flight
test to flying the airplane in the sinulator or through
the vortices that were in the sinulator?

THE W TNESS: I was pleasantly surprised to
see that the simulator was extrenely accurate. The
roll angles that we got out of the sinmulator before we
did this test were alnost exactly the sane as we got in

t he airplane. The only difference that we did see was
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the vortices pair in the real world were a lot closer
together than the one in the sinulator. | don't know
why that is. But basically, it had the sanme effect.
It just happened quicker.

In fact, in the real world, you would go
through the front one and roll back out quicker than
you did in the other airplane. In that sinulator, you
would roll up and go for a while and then roll back out
agai n. So it wasn't a substantive difference. Only in
the geonetry of the vortex. The intensity of the
vortex and the effect on the controllability of the
airplane is exactly the sanme, as far as | could see
subj ectively.

MR, JACKY: What was the difference in the
di stance between the vortices cores?

THE W TNESS: Par don?

MR JACKY: Well, you nentioned that the only
difference would be in the amount of distance between
the two cores.

THE W TNESS: Yes.

MR, JACKY: What was that distance?

THE W TNESS: | think it probably nust have
been half, naybe a little nore than that.

MR JACKY: So during the flight test, how
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far apart would you typically say the vortices were?

THE W TNESS: | would say they were about --
it's hard to guess. But you'll see it from the
pi cture. You can get both wing tips and the vortices
at the same tinme. In fact, more than -- in board from
t here. You'll have to see it from the picture.

MR JACKY: So wing tip to wing tip, how far
apart would that be then?

THE W TNESS: I don't know. Wat's the w ng
span, a 100 feet, 60? | don't know.

MR JACKY: And during the encounters, did
you feel like the airplane was on the verge or out of
control at any tinme?

THE W TNESS: Not ever, no.

MR, JACKY: Have you ever taken any sort of

unusual attitude training?

THE WTNESS Yes, | had unusual attitude
training during ny initial instrunent training and |'ve
done aerobatics at night and | flew air shows for about
three years and | taught aerobatics for about three

years.
MR, JACKY: Did any of that training help you
towards the wake vortex encounters?

THE WTNESS: No.
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MR, JACKY: And the reason being?

THE W TNESS: Wll, the angles and the rates
were so small and so slight, that it was nothing
approaching any kind of an aerobatics nmaneuver or
anything you would want to consider as an unusual upset
or an wunusual attitude.

MR, JACKY: During any of the encounters, did
you happen to see the rudder noving at all?

THE W TNESS: Wll, you can't see the rudder
novi ng. There's no indicator. You would have to ask
the chase pilot.

MR, JACKY: Is there any sort of indication
in the cockpit or rudder novenent?

THE W TNESS: The yaw danper indicator, |
t hi nk.

MR, JACKY: Did you happen to |ook or observe
the yaw danper during -- the yaw danper indicator
during any of the encounters?

THE W TNESS: | didn't pay particular
attention to it. | assuned that it would be working,
because it was turbulent, but | didn't pay particular
attention. I think it was probably instrunent. You
could tell -- you could see what the rudder deflection

and the frequency spectrum of it was from the data
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output from the maneuvers.

MR JACKY: | don't believe | have any
further questions. Thank you very nuch.

THE W TNESS: Ckay.

MR. HAUETER M. Chairman, thank vyou. Just

a couple. First to help clarify the record, one of the
reasons we didn't go past the 80 percent limt load is
this was a -- the airplane was going back into revenue

servi ce. And there was considerations that if we did
any danmage, we would have to buy a new vertical
stabilizer. I just wanted to clarify that a little
bit.

You nentioned there was no problem during the
wake encounters between the 727 and the 737. That it
was all controllable.

THE W TNESS: Yes.

MR. HAUETER: That's strictly for that
conbination of aircraft. Correct?

THE W TNESS: That's correct.

MR. HAUETER: I wanted to make sure that the
private pilots weren't out there thinking this was not
a problem

THE WTNESS: No, | said for that class of

ai rpl anes.
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MR. HAUETER: Ckay. Good. Going back to the
steady heading side slip work that you did, that was
done as a steady. What results would you think there
would be if there was nore dynanic, if the rudder cane
in much faster, at 190 knots, flaps one?

THE W TNESS: Wl, we did do that test. W
did dynamic rudder inputs at a quarter, one-half, and
t hree-quarters. So we'll have data on what the
difference is between the static value and the dynamc
val ue. Typically, the side slip that we got in the
simulator was about at 190 knots, full rudder side slip
woul d give you about ten degrees. And the dynamc
rudder input would give you about 14. So it's 30 to 40
percent nore side slinp. And, therefore, nore rolling
on it due to the dynamic input than you have when it's
st eady.

So it will roll faster if you put the rudder
in dynamically than it wll statically.

MR. HAUETER: Ckay. Thank you. At 190
knots, flaps one, if you had a dynam c rudder input,
would that be a controllable event, in your opinion?

THE W TNESS: Vll, | guess we'll have to get
back into the philosophical discretion of controllable

and recoverable here. That depends again on what you
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do with the pitch control. Basically at 190 knots, if
you don't change the air speed at all and you have a
dynamic full rudder input, the airplane wll roll
rapidly and it depends on how long you delay it too.

Some background on controllability and
recoverability. These terns were basically invented
during spin testing, where you have an airplane that's
not approved for spins and you have to do a one turn
anyway to nake sure that during the postal gyration
that nothing unusual or bad happens and you can recover
it. After that one turn spin intentional, you have to
be able to recover in one additional turn.

Now, if it didn't neet that, if it didn't
neet the requirenents in the rules for that spin
recovery, we said that it was wuncontrollable. So
basically, if you had a spin that was supposed to be
recovered in one turn and it took three, then that was
what we called uncontrollable but it was recoverable.
It was only unrecoverable if you had to junp out.

So this becane kind of a flight test shop
tal k. And it nmay be a bit confusing to people who
don't do that all the tine. So | think better than
using uncontrollable wll change that over to a little

bit better syntax and say that it's less than
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acceptable controllability. I think that wll be
better.

So now you have an airplane that can be |ess
than acceptable controllability, but recoverable. And
| think that's what we have in this case.

The auto pilot requirenments -- in other
words, wusing the auto pilot as an exanple. If you have
an electric flight control system or any type of
stability and controlled augmentation to hook to the
flight controls that's electric, you have to look at it
from a failure standpoint. And if the failure is not
extrenely inprobable, you have to denonstrate it in
flight. Then you have to pick a nunber that you decide
for yourself what is acceptable controllability and
what is it.

Qobviously, if the thing goes hardover, that

is a full maximum as fast as it will go, as far as it
will go and stays there that rolls the airplane
inverted in one second. Most all pilots are not going
to make it out of that one. If it rolls five degrees

in 20 seconds, everybody's going to recover from that.
So sonewhere between those two, there's a
l[imt of acceptable controllability. And what the FAA

has chosen, based on experience and the type of pilots
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that are flying the airplanes, little airplanes, and
the business jets, as well as the airline operators, we
have chosen to be in the roll axis 60 degrees after a
three second del ay. That's the crew s case. W assune
the pilot is on -- the auto pilot is on and the pilot
is reading this map or talking to the co-pilot or
talking to ATC, and when sonething happens, he doesn't
see it inmrediately. Then when he does see it, he says,
what's that? Let's get rid of this auto pilot, but
then he has to reach up and grab it and disconnect it.
So we give him a reasonably conservative
three seconds to do that before he gets to an
unaccept able angl e. And the angle we used for a
tradeoff between those configuration of acceptable
controllability and unacceptable is a 60 degree bay,
after three seconds after the pilot recognizes
sonething is wong.

The British, the CAA use a little bit nore

precise, | think. And they use four seconds from the
i nput of the hardover. And it comes out about the sane
in nost cases. So if the airplane rolls nore than 60

degrees in three seconds after the thing has noved far
enough for the pilot to see it, then we say that's an

unacceptable Ilevel of controllability.
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Now, it's not unrecoverable in npbst cases.
And generally the case is you can get back out of it,
but you have to look at it from the standpoint of hunman
factors and look at it from the standpoint of the whole
cross section of the pilot comunity that's going to be
flying it, levels of experience, and the nood that day.
Wiether it's nice or dark or is it a rainy night and
it's turbulent, and what the workload is. And
basically, our feeling is that if it rolls nore than
that, you're going to start picking up a significant
nunber of people who are going to lose it from a
standpoint of disorientation.

So we say 60is the l[imt. SO --

MR. HAUETER: Um -- 1'm sorry. Go ahead.

THE W TNESS: Par don?

MR. HAUETER: Have you -- |I'm sorry. |
interrupted you.

THE W TNESS: | was just going to say that
there's also -- there's an equivalent requirement in
the pitch axis or plus or mnus 1 G for three seconds.
And that's basically two to zero are the limts. You
can't go any nore than that in pitch or nore than 60
degrees in roll.

MR. HAUETER: Just going back and clarifying
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that you would say this is undesirable --
THE W TNESS: | would say --
MR. HAUETER: -- controllability,

unacceptable controllability?

THE W TNESS: Wll, we're going back and
| ooking at the effective -- the pitch inputs on this
hardover at 190 knots. Basically, in the sinulator, at

least, we didn't do the full deflection in the
ai rpl ane. But once they had upgraded the rudder
defl ection, we did sone hardovers in the sinmulator,

too, wWth a three second delay to take a look at it.

Basically, it's a lot -- how far you go is a
ot of function of what you did with the stick. If you
don't do anything at all, you just let the other pilots

stante on the rudder and hold it there, when you see it
start to nove, you count -- mark one thousand one, one
t housand two, one thousand three, and then go quick
full ops of the aileron, leaving the rudder in,

assunming that you can't get it back out again, and the

airplane rolls up to about -- depending on how you did
it. If you don't use any pitch input at all and |et
the airplane nose drop and accelerate, you'll wnd up

with about a 75 degree bank.

Now, the other nove that | did was | tried it
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agai n. And instead of letting the airplane go on its
own and accelerate any way it wanted to, | held enough

back stick to keep it at 190 knots in that maneuver.

If you do that, it rolls up to past 80 degrees, alnost
90.

So basically, in this condition, if you put
in -- the nore back stick that you add to it, the worse
it gets. If you try to keep the wings level and slow
down below 190, it's going to go on over, | think.

MR. HAUETER: In the trials that you had in

the simulator, about how nuch altitude loss did you see
in the recovery?

THE W TNESS: It wasn't a real significant
altitude |loss, because we didn't go on over.

Basically, we considered that -- at least | did. Based
on the three second delay in recovery that it was an
unacceptable level of controllability, but it was

al ways recoverabl e.

In other words, we could always get the thing
to roll back out, especially if you accelerated. On
the one, that at 190, it wouldn't draw out. It
basically stayed at about 70 degrees and just sat there
in a spiral. Until | dropped the nose and let it

accelerate out wuntil about -- at 200, it started com ng
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back. And at 210, it's not a problem A little bit of
air speed increase helps you out a lot.

MR, HAUETER: Did you lose 2,000 feet in the
recovery or --

THE WTNESS: No, | don't think it was that
much. | don't even think it was even 1, 000.

MR. HAUETER: Do you think it takes specia
training for pilots to recognize this nore than they
currently get to be able to recognize or recover from
such a maneuver?

THE W TNESS: That's hard to say, | guess
because it presunmes that they are going to handle an
auto pilot hardover. I don't think they're trained to
do that. Basically, the presunption is that that three
second leg gives them time to figure out what happened
and instinctively correct for it by going opposite in
the opposite axis of which way is going hardover.

So | don't think we've ever done any auto
pilot hardovers in any airline recurrent training that
|'ve ever been to.

MR. HAUETER: Ckay. Thank you, sir.

CHAl RVAN  HALL: O her questions from the
Techni cal Panel ?

(No response.)
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CHAl RVAN  HALL: The parties? | see Boeing,
the Airlines Pilot Association, the FAA Boeing
Conmmercial Airplane Goup. M. Purvis.

MR. CLARK Can we follow up just on that
| ast question, just real quick?

CHAI RVAN HALL: M. Purvis, would you mnd if
M. Cdark follows up on that I|ast question?

MR. CLARK: This last discussion you had wth
M. Haueter, | thought you were talking about an event

with the rudder hardover. And then right at the very

last, it seemed like we junped over to auto pilot
failures.

THE W TNESS: | think we were just relating
t he two. He asked nme if a pilot, an airline pilot
should be trained to handle -- specially trained to
handle an auto pilot -- not an auto pilot, but a flight
control system hardover. And | said, | didn't think
so, because the -- that is analogous to having an auto

pil ot hardover right now and they are trained to do
t hat .

MR, CLARK: But just the immediately previous
di scussion was still dealing with the rudder issue for
a flight control hardover?

THE W TNESS: Yes.
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MR CLARK Ckay.

CHAI RVAN HALL: M. Purvis.

MR. PURVI S: Good afternoon, M. Berven. How
many of the flights did you fly at Atlantic Cty? |
think you said you flew one in Seattle. How many did
you do at the Atlantic City tests?

THE W TNESS: | flew two in Atlantic Gty.

The first one for the safety evaluation, and the one
for data.

MR.  PURVI S: At the previous hearing in
Pittsburgh, | recall that you said a wake encounter was
like a giant hand grabbed you. And today, you also
used the phrase, boy, we just ducked a bullet there,
when you were answering questions from the tech panel.

During the wake encounter test with the snoke
on in Atlantic Cty, could you prepare and anticipate
for the wake -- prepare for and anticipate the wake?

THE W TNESS: Certainly.

MR. PURVI S: Lhder those circunstances where
you can see the wake coming, is it less surprising to

you do you think?

THE W TNESS: Well, certainly. You Dbasically
know when it's going to happen. If the wake is not
there, it's a surprise, but it basically is nothing
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that's going to -- it's just wunusual.

MR PURVI S: Thank you.

CHAl RVAN  HALL: Capt ai n?

CAPTAIN LeGROW Thank you, M. Chairnan.
Good afternoon, M. Berven.

THE WTNESS: H.

CAPTAIN LeGROW Just a couple of questions.

First of all, during your career at the FAA -- how

long have you been with the FAA, by the way?

THE W TNESS: Ni neteen vyears.

CAPTAIN LeGROW You weren't here in 1967
ei ther?

THE WTNESS: No.

(General |aughter.)

CAPTAIN LeGROW  Have you, during your
career, participated in the certification flight tests?

THE W TNESS: Yes. That's all | do nostly.

CAPTAIN LeGROW Have you participated in the
737 certification?

THE W TNESS: Yes.

CAPTAIN LeGROW What nodel ?

THE W TNESS: Three hundred, 500, and 400.

CAPTAI N LeGROW During those certification

tests, did you use the same criteria that the 100 and
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200 were certified to?

THE W TNESS: Yes, except for the propulsion
syst em

CAPTAIN LeGROW But as far as the controls

or the controls of the three axis were the sane
criteria used in 19677

THE W TNESS: That's correct.

CAPTAIN LeGROW You talked about doing sone
tests with jammed controls. | believe you said that
you used the rudder trim -- how nuch rudder trim
authority do you have?

THE W TNESS: Vell, let's see. The rudder
statically deflects 26 degrees. | believe on the
ground, you get 16. You don't get that much in flight
of course, because for the blow down.

CAPTAIN LeGROW But you've never done any
with a full -- wuntil the sinulator validation tests in
Seattle last nonth, you had never done any tests with
full rudder hardover?

THE WTNESS: No, we did not.

CAPTAIN LeGROW During your tests in Seattle
for the validation tests, were you surprised at the
control or lack of control with the full rudder

har dover ?
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THE W TNESS: Not particularly, because
basically, that's not an wunusual characteristic for a
transport airpl ane.

CAPTAIN LeGROW During M. Jacky's
guestioning, vyou referred to flying sone of the tests
at one degree flap between 170 and 220 knots, |
bel i eve. Is that correct?

THE W TNESS: Yes.

CAPTAIN LeGROW so you -- and | believe you
said that sonething under 190 knots, 185 maybe, would
be a good nunber. That with a full rudder hardover,
you did not have enough l|ateral control.

THE W TNESS: That's correct.

CAPTAIN LeGROW And you say this is
sonet hing you expected?

THE W TNESS: Yeah. If you want a further
explanation on that, it cones from the fact that we
don't do primary flight control system hardovers.

Because by definition, they're designed wth enough

control power to have the pilot do whatever he wants to

t he airplane. Therefore, if a primary flight control
system does go hardover and stay there, you'll very
likely lose the airplane every tine.

Just look at the pitch axis. If you get a
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adif you can't get

rid of it, you're done. So basically the flight

control system primary flight

basically reliable enough t
doesn't happen.

CAPTAIN LeGROW

hat that

| guess

earlier airplanes we had an angle

correct?
THE W TNESS: It'
CAPTAIN LeGROW

had an angle reversion.

s what

In the

control system has to be

does not -- it

that's why in the

rever si on. Is that

now?

earlier airplanes, we

THE W TNESS: The 737 has been the sane all

along, as far as | know.

CAPTAIN LeGROW Were you here for M.

McSweeny's testinony?

THE W TNESS: Yes.

CAPTAIN LeGROW

guestion about manual rever

answer was, that the rudder

Do you

sion in

recall | asked him a

the 737 and his

in the 737 did not have

manual reversion, but it did have a standby system

THE W TNESS: That's corr

CAPTAIN LeGROW
hydraulic or is it manual?

THE W TNESS: It

Is that

ect.

standby system

s hydraulic.
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CAPTAIN LeGROW Thank you. During your
tests in Seattle for the sinulator validation tests,
were there any other regines of flight that you flew or
any of the other pilots that you're aware of flew wth
a full rudder hardover and there was no lateral -- not
enough lateral control of the airplane?

THE W TNESS: W didn't do a real

conprehensive test, because that wasn't what we were

| ooking for. W were basically just checking it
against the simulator. W did a bunch of other stuff
in the simulator. I think it's agreed now that wth

flaps one, five or even possible ten, that you can over

roll the roll access with the rudder input at slow

speeds.

CAPTAIN LeGROW On this -- your discussions
about recoverability, | find those terns quite
i nteresting. Does not altitude and tine affect

recoverability?
THE W TNESS: Certainly. If you're too |ow,

you can't nake it.

CAPTAI N LeGROW But still -- | qguess, it's
still recoverable even though you crash?

THE W TNESS: I'"'m speaking of it from a
flight control standpoint. You have to presune that
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you have enough altitude or you'll crash, yeah.

CAPTAIN LeGROW Have you participated in any
of the certification flight tests in the newer nodel
Boei ng airpl anes?

THE W TNESS: Yes, quite a lot of tines in
the 777, 57, 67.

CAPTAIN LeGROW How would you conpare the
rudder system in the 57 to the 37? Let ne put the
guestion another way. During your flight testing on
the 75, you have done any full rudder hardovers in the
75772

THE WTNESS: No, we have not.

CAPTAIN LeGROW Could you tell wus what the
difference in the certification criteria and the
certification of the yaw control in the 75 as conpared
to the certification of the 73 yaw control?

THE W TNESS: It's really very simlar. 1In
the older airplanes, the lateral directional stability
tests were kind of segnmented into a couple of different
parts. One of them was just straight directional
stability, where you just stabilize in a certain air
speed and flap condition and gear and just push the
rudder in for a while and release it and see that it

cane back to zero to check that it was directionally
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stable and didn't have too much friction.

Anot her test that we did was to put the
airplane in a straight steady heading side slip and
like what we were doing on these evaluations tests. |Is
ook at the relationship between the rudder and the
el evator to nake sure there was a positive grady and
opposite to each other. And then you would release the
stick or release the wheel and see that it rolled into
the rudder so that it ha& positive dihedral effect.

Later on, we decided that those were all the
sanme test. Basically if the airplane had directional
stability -- in other words, if you push the nose up
and it conmes back and if when you released the controls
on the side slip, it rolls up, you can tell both of
those by just doing a straight ahead side slip.

In other words, if you're pushing nore side
slip and your rudder force is going up and your
ailerons are going opposite, it's obvious that if
you're holding an aileron force, if you let it go, it's
going to roll away to the rudder.

Basically, we've conbined those tests,
synthesized them into just a straight steady heading
side slip for static directional -- static lateral

directional stability. You get the sane effect. So
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the tests are essentially the sane.

CAPTAIN LeGROW Thank you. You're famliar
with the CDR?

THE W TNESS: Yes.

CAPTAIN LeGRON  And the exhibit that's been
offered here at these hearings?

THE W TNESS: Yes.

CAPTAIN LeGROW And | refer you to
reconmendation 9. | asked M. MSweeny earlier if in
light of that or if he felt that increasing the |ateral
control of the 737 or reducing or restricting the yaw
control on certain regines of flight, nmaybe one way to
get to that reconmendation.

I would like to ask you, in light of your
surprise or what you -- 1 don't want to use surprise.
| don't want to put words in your nouth. But what ['m
assuming from your testinmony is what you saw wasn't
necessarily what you expected. Wuld that be a fair
st at ement ?

THE W TNESS: Wth respect --

CAPTAIN LeGROW Wth respect to a full
rudder hardover.

THE WTNESS: No. | guess, that | never had

any expectations, because | was always under the
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presunption that it couldn't happen. It never entered
ny mnd that we would even consider it.

CAPTAIN LeGROW In light that we know that
it does happen and this has been going out in the tests
in Seattle, do you think that it would be helpful for
the FAA and/or the Safety Board to nmke recomendations
to either increase the lateral control of the 737,
restrict the yaw controllability of the airplane, or
per haps change sonme of the operational procedures in
the airplane to help get the recommendation in |ine?

MR PURVI S: M. Chai r man?

THE W TNESS: I think that's four different
coment s. I think 1'm going to answer the first one.
Nunmber one, | don't think anybody --

MR.  PURVI S: | would like to object to the
guestion, to start off wth. If he's presum ng nany,
many things that are not verified and including, in
particular, full rudder hardovers -- | nmean, that's
done as part of a test. But that it occurred in this

accident is a presunption.

CHAl RVAN  HALL: Do you want to reconsider the
guestion, Captain, or do you want to restate it and |et
me --

CAPTAIN LeGROW Vell, 1'll restate it, if
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need be, but | wasn't referring to the accident. I
don't believe | nentioned the accident. What | was
referring to is the test conducted in Seattle for the
sinmulator validation tests.

THE W TNESS: The simulator validation test
was an in-flight test. And basically, we did the
rudder hardover just to validate how accurate it was
dynamcally with respect to the simnulator. Your first
presunption that -- in other words, to talk about
changing procedures and inproving lateral control and
decreasing the yaw control, you have to start off wth
the presunption that you have a rudder hardover to
addr ess. Now, | don't think that's been concluded yet.

If you want to say if a rudder hardover
occurred, what would you do, | can give you a few
suggestions on that.

CAPTAIN LeGROW Ckay.

THE W TNESS: If a rudder hard -- if | was
going to go out and fly the 737 and during that flight
of an hour and a half or whatever it was, | knew that |
was going to have a rudder hardover sonmewhere in there
and | was going to have to handle it or not cone back
there's a couple of things I would do based on ny

experience in the airplane and the sinmulator and all
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the stuff that |[|'ve |[earned.
Nunber one, | would go faster to start wth.

If I was at flaps one, | would 200 as a mninmm The
second thing I would do is | would keep ny hands on the
control s. So | don't have a three second del ay. ' ve
only got one. Any time that | was out of flaps one, if
| was at one, five, or ten, | would either be manually

flying the airplane nyself or following through if the

auto pilot was on.

And another thing | would do is basically
mnimze ny time at those flap settings. | would ATC
to stay at 210 until | could go to 160 or 170 or 150

and slow down to flaps 15.

CAPTAIN LeGROW Thank you. | have no
further questions, M. Chairnman.

CHAI RMAN  HALL: M. Donner?

MR. DONNER: Just two questions, sir. M.
Berven, we've talked a |lot about auto pilot hardovers
and the three second delay for pilot recognition of the
event . Then you' ve talked about the 60 degree limt.
M/ question is does the 60 degree limt include the
pilot's reaction after the three second recognition
time?

THE W TNESS: Yes, it does.
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MR. DONNER: Concerning the possible rudder
hardover at various flap settings, is the rudder
hardover at landing flaps 30 degrees or nore capable of
being balanced by the aileron?

THE W TNESS: Based on all the information
and the tests that we've done, Yyes. Either flaps up or
flaps 15 or nore, the lateral control system has enough
control power to handle it.

MR. DONNER: Thank you. I have no further
guesti ons.

CHAIRVAN HALL: M. dark?

MR. CLARK I have one question in one area.
You talked about an event in which, as you were
finishing up with the questioning with M. Haueter, a
three second delay in a 60 degree bank angle. And then
I think you talked about possibly going for speed to
effect the blow down if you were dealing wth rudder
har dover. Is that an intuitively reactive -- would
that be an instinctive reaction or an intuitive
reaction by the crew, by a typical line crew?

THE W TNESS: | really don't think it would
be, no.

MR, CLARK: So that if you were to address

that, that would be a training issue then?
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THE W TNESS: If 1 had never seen or
encountered or even heard of a rudder hardover,
basically nmy job right there was hold altitude so |
don't get violated. So if something happens, |'m going
to try to solve the problem and get back into control,
but I'"'m also going to try to stay legal at the sane
time. So you would probably instinctively try to keep
the airplane on this altitude until you reached a point
where this is nore serious than an ATC violation.

MR CLARK So basically if you were to
address this issue, we've been looking at a training
i ssue?

THE W TNESS: If you're going to presune that
a flight control system hardover can handle, you have a
really big training problem

MR CLARK Sure. Thank you.

CHAl RVAN  HALL: M. Marx?

MR MARX No questions.

CHAl RVAN  HALL: M. Schl eede?

MR.  SCHLEEDE: Just a couple, M. Berven.
These values that you gave when you defined acceptable
controllability -- you gave us sonme nunbers -- are
those specified in sone nmaterial?

THE W TNESS: They're in an advisory circular
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wi ht respect to auto pilots. It's 1329-1, | think.
Either that or it's been put in our flight guide 2570.

MR.  SCHLEEDE: Thank you. Is there a
definition in there also for exceptional pilot skills
as nmentioned in FAR 25-6717?

THE WTNESS: No, | think that's part of all
the regulations. It says that all the CFR requirenents
for airworthiness have to be able to be nmet w thout
exceptional pilot skill. So that's kind of a very
subjective call, too.

Basically what we have to do is to just
presune that when we see sonme unusual flying qualities
or something that's outside of the norm that you
woul dn't see instinctively, we have to say would the
normal pilot wusing normal flying techniques be able to
pick this up and handle it wthout causing a problem
Because we go out there sonetines and we do 200 or 300
full stalls in the airplane.

So by the time we're done with that, we're
pretty proficient at it. So we have to ask ourselves
if an airline pilot never having done a real stall and
the airplane gets into one, what's he going to do? So
an airplane that we could recover and neet the rules

every tinme after 300 practice stalls, would not be
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acceptable for a pilot who only has to do it one tine
in his entire career.

So basically our requirenents are that the
airplane would really be easy to fly through all the
maneuvers required by the regulations, because the
airline pilot really encounters a lot nore different
and unusual conditions than we do.

MR. SCHLEEDE: Is there guidance of any sort
that helps you reach the subjective evaluation of pilot
skills required in any docunents or --

THE W TNESS: | don't believe there is. It
basically comes from just neetings between our flight
test pilots and neeting with the airline pilots and
flying with them on the junp seat rides and seeing how
they fly and what their attitudes are and going to
recurrent. W go to the airline recurrent once a year,
each one of wus. W don't fly with the airline pilots.
W fly with their instructors and take the same check
rides. So we see what level of proficiency they're
trained to.

So we try to basically find conpliance to a
pilot that doesn't require exceptional skill or a |ot
of practice.

MR. SCHLEEDE: Thank you very nuch.
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CHAl RVAN HALL: M. Laynor?

MR.  LAYNOR Just a couple, M. Berven. |
think you' ve hit upon it. But in talking to M. Jacky
about the tests that were conducted, this steady
heading side slip test, were they done with all the
different flap configurations at the speed -- through
the speed range that you discussed?

THE W TNESS: They were done mainly just at
flaps one, just to check against the sinmulator.

MR.  LAYNOR ["I'l carry on then. How do you
establish what the real control margin, lateral control
margins were in fact at the different flap settings
that you were referring to in your answer to Captain
LeG ow?

THE W TNESS: The extrapolation of our
comments to five and ten is based on both aerodynamc
characteristics of the airplane and the simulators. W
did do those tests in the sinulator.

MR.  LAYNOR Ckay. In bounding the ranges
that you would reconmend as a procedure or if you did
reconmmend any procedural changes, did that include the
margin necessary to recover from an upset that would
occur with the dynamc control novenent or is that just

what's needed to balance the two -- the directional
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| at er al control s?
THE W TNESS: If | understand the question,

at 190 knots, you statically balance the rudder and

ail eron. So that if you have a dynamic input, you
can't stop it until you speed up. Depending on -- wth
the three second delay. If your hands are on the

controls and you only use a one second delay, you can
stop it at about 25 to 30 degrees.

MR.  LAYNOR But you would have to change
your speed in order to have the margin to recover --

THE W TNESS: That's right.

MR.  LAYNOR -- to a level flight. As
strictly hypothetical, because | don't think you could
expect the line pilot to do it in the dynam c situation
that we're talking about. But you've commented about
sitting there expecting such an occurrence and how you
would respond to it.

Wuld you consider isonetric power or would
you consider turning off the hydraulic pressures as a
possi bl e response?

THE W TNESS: I think those are kind of
secondary itens that you would do after you try to get
control of the airplane, because you have to get on it
really quick. To find the hydraulic switches and turn
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them back off again, you would probably have to have
the other pilot do that and you would have to go
through the command process to tell him to do that.

You could split the engines, you know, if you
got to a position finally. In other words, you rolled
all the way there and it stopped and you can't get it
back out, you can split the engines and roll back out
t hat way. There are several other things you can try.

MR.  LAYNOR Al right. Thank you. That's
all 1 have.

CHAl RVAN HALL: M. Berven, | guess ny only
guestion is, were you -- did you participate in the
critical design review?

THE WTNESS: No, | did not.

CHAl RVAN  HALL: Have you read the report?

THE W TNESS: Yes.

CHAl RVAN  HALL: Do you agree with the
recommendat i ons?

THE W TNESS: Yes.

CHAI RMANHALL: Al right. Well, thank vyou
very rmuch. W appreciate your tine.

THE W TNESS: I had one nore conmment here.

CHAl RVAN  HALL: Surely.

THE W TNESS: Based on sonething that was
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said earlier this norning about ten to the mnus ninth
and extrenely inprobable. My understanding, not being
a systens expert but having worked with a whole bunch
of them ten to the mnus ninth is an extrenely

i mprobabl e event that does not happen during the life
of the fleet.

Basically, that's a billion hours. If yor
typical 737 at this point has got 65,000 hours in 30
years, it's going to take 500 years to get a billion
hours.

So basically, a ten to the minus ninth event
is allowed to be catastrophic, because it never happens
in the lifetime of the fleet.

CHAI RVAN  HALL: So the point -- you're just
clarifying that?

THE W TNESS: Yes, that's just a
clarification.

CHAl RVAN  HALL: Al right. You're dism ssed,
sir. Thank you.

THE W TNESS: Thank you.

(Wtness excused.)

CHAl RVAN  HALL: W're not noving @&/
rapidly, M. Haueter.

(General |aughter.)
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CHAI RVAN  HALL: M. Berven gave us severa
| engthy descriptions of the sanme flight, and | guess
we're now going to have sone nore?

MR. HAUETER: Yes, they should be shorter.

CHAl RVAN  HALL: Ckay. Wll, let's take a
break and come back at 4:15.

(Whereupon, a recess was taken.)

CHAl RVAN  HALL: W wll reconvene this Board
of Inquiry, and our next wtness, wtness nunber 10, is
M. Robert Stuver -- Stuever. Sorry, M. Stuever. He
is the Program Manager of the OV-10 Flight Test-Wke
Vortex Studies. And he cones to us from NASA-Langl ey
in Langley, Virginia.

Thank you for being here today, M. Stuever.

(Wtness testinony continues on the next

page. |
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ROBERT STUEVER, PROGRAM MANAGER, OV-10 FLIGHT TEST-WAKE

VORTEX STUDIES, NASA-LANGLEY, LANGLEY, VIRG N A

Wher eupon,
ROBERT STUEVER,

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

THE W TNESS: Thank you for the opportunity
to let me work today while ny colleagues are on
furl ough, too.

(General |aughter.)

CHAI RVAN  HALL.: W don't have to pay you, do
we?

(CGeneral |aughter.)
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MR. SCHLEEDE: M. Stuever, give us your full
nane and business address, please?

THE W TNESS: Robert A. Stuever, Ml Stop
247, NASA-Langl ey Research Center, Hanpton, Virginia
23681.

MR. SCHLEEDE: Thank you. And what is your
position at NASA?

THE W TNESS: My position is as an Aerospace
Research Engineer in the Flight Dynamics and Control
Division at Langley.

MR  SCHLEEDE: How | ong have you worked for
NASA?

THE W TNESS: I"ve worked for NASA for five
years.

MR.  SCHLEEDE: Could you give us a brief
description of your education and background?

THE W TNESS: Yeah. I have got a bachelors

and a nmaster's degree in aeronautical engineering from

Wchita State University. I"ve worked at NASA for five
years in the Flight Dynamcs Control Division. Prior
to reorganization about a year ago, | was in the Flight

Applications Division.
| have been involved on the wake turbul ence

program at NASA-Langley, as well as some other flight
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five

| eader

t ur bul ence

i ssues and wake spacing criterion.

MR, SCHLEEDE

Thank you very nuch.

MR.  JACKY: Good afternoon

THE W TNESS: Good

MR JACKY: I

M.

af t er noon.

ar ea

ai rport

M.

St uever.

would like to ask you first

about you said you nentioned you work in

turbul ence program at NASA-Langl ey.

a description of what that entails,

t hi ngs.
conduct i
| ooki ng

airports

t he wake

Could you give us

pl ease?

THE W TNESS: Vell, it entails a ot

It's a very broad program that

ng jointly with the FAA for

at ways to increase airport

around the country.

to perhaps alter the sp

net eor ol ogi cal conditions

vort ex

hazar ds.

My particular g
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hazard definition and assessnent team W're coupled
in wth another team at Langley that is |ooking at
devel opi ng sensors and systens that would be able to
predict wake vortex behavior in the termnal area
environment and be able basically to space aircraft
according to whether wakes are staying in the approach
corridors and how strong those wakes are and so forth.

My particular team is |ooking at validating
nodel s and validating hazard criteria in terns of
aircraft that would actually encounter wakes on the
approach corridors and determining if it is, in fact,
safe and satisfactory for an airplane to do that.
Satisfactory in the sense that a pilot would not be
inclined perhaps to maybe make a go around or do
sonething that would disrupt the flow of traffic into
the termnal area environnent.

I mght point out when | talk about wakes in
the approach corridors and aircraft encountering them
safely, really the best exanple to use is sonething
like you mght have a day where a wake from a leer jet
m ght stay in the approach corridor and you wanted to
send like a 747 behind it. | nmean, that's an exanple
of something that mght be acceptable.

MR JACKY: How long has this program been in
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pl ace?

THE W TNESS: Well, the joint program wth
the FAA has been in place, | believe, about two years.
W initiated the program shortly after | got to
Langl ey, which was five years ago. In terns of a

flight research project that would help us validate
vortex encounter nodels that would then be put into --
well, we would have a systens group at Langley work on
devel oping the actual system that would take these
nodel s and convert them into sonmething that the FAA and
the air traffic control system could use. But in terns
of the joint program |'m going to guess it was two to
three years ago that we put the big program together.

MR JACKY: Is there a program conpletion
date at this tine?

THE W TNESS: Yes. Wat we're targeting
right now is the test of what we call an aircraft
vortex spacing system or AVOSS system Sonewhere in
the 1998, '99 time frame, and that would be a prototype
system that we would test at nmajor airports with the
idea that if that test is successful, sonmewhere around
the year 2000, we would start inplenmenting that system
nati onw de.

MR JACKY: Can you briefly describe that
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systen? |Is that a ground base type of systenf?

THE W TNESS: Yes, it would be a ground base
system At its best, it would be a system of sensors
that would be able to neasure -- actually, 1'm sorry.
That would be able to detect, track, and neasure wake
vortices in the approach corridors.

Well, at best, that's what it would be.
Coupled with sonme predictive algorithns that would be
able to tell you say at 20 mnutes from now, given this
weat her state, this is what the wake is going to do.
Wien the airplane that is now being nmarshalled into the
approach corridors, when he gets to this particular
point, this is what the wake of the preceding airplane
mght do and this is what the weather state is going to
be like, that would drive the transport and decay of
t hat wake.

So, yes, it would be a ground base system in
terms of a deplorable sensor and a predictive algorithm
depl oyed along with that.

MR, JACKY: And as part of the hazard -- |
believe you said hazard definition team what are your
functions within this progranf

THE W TNESS: VWell, there's three functions.

My particular function, as the team |eader, [|'ve got
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roughly five to six people working on this project.
Al t hough, sone of them are also working on other
things, as well.

Basically, we're addressing this particular
research task in three ways. One, determning what's
the netric for what would be an acceptable term nal
area operation? In other words, you have to have sone
way of defining what a wake vortex hazard is based on
sonething that's already acceptable to a pilot, to the
air traffic control and so forth.

The second one, which is really our nmajor
effort now, it involves a lot of flight test work that
we're doing now. W've done a lot of work in the wnd
tunnel s. W're developing flight simulations and we've
got some analysis work going on. And that is wth
respect to validating how you nodel the interaction of
a wake vortex with an aircraft. Not how you nodel the
vortex itself and the decay of the vortex, which is
being done by the other team devel oping the AVGCSS, but
how you nodel the interaction of the aircraft in the
wake.

The third thing that we're doing within the
team is once you have these valid nodels, once you have

a metric, how do you apply it to the fleet to devel op
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wake hazards for all the aircraft in the fleet, under
all the different categories.
MR, JACKY: Thank you. You said that you're

doing a lot of flight testing. And you also have said

that you're program manager for the OV-10 aircraft. |Is
this the aircraft that you'll be using for these flight
tests?

THE W TNESS: That's one of the aircraft.

MR, JACKY: And what would be the other
aircraft that you would be using?

THE WTNESS: Well, the OV-10 is one of the
aircraft that we're using to make wake m ssions and
we're also using it to nmke weather neasurenents.
Initially, when we put the aircraft together as a
research platform we had intended to use that airplane
as an encounter airplane. Meaning, we were going to
develop a simulator of it, a simulation nodel of it,
and validate our air nodels with that particular
ai r pl anes.

About -- |I'm going to say about a year and a
half ago, we decided to go with our 737-100 nodel that
we have at Langley as our encounter aircraft for a
nunber of reasons. One being that we already had a

validated baseline simulation of that aircraft. Two,
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it nore ideally represented an aircraft of the
transport fleet. And nunber three, it was available at
the time that we needed it.

So the 737 is our encounter aircraft. The
OV-10 is another airplane. W are wusing an aircraft
out of Wallops as a wake generator for our first series
of tests and that's the C 130 at Wall ops.

MR, JACKY: Ckay. If | can direct your
attention to Exhibit No. 13X-H page 4, please.

THE W TNESS: You said hotel?

MR JACKY: Yes, sir. And we also have an
overhead slide of this page.

THE WTNESS: OCh, okay.

MR JACKY:

(Slide shown.)

CHAl RVAN  HALL: Are we going to get sonme help
with the lights, please?

MR, JACKY: You can just -- if you want, you
can either use that or turn around and hold the m ke.

THE W TNESS: Can you hear ne?

CHAI RVAN  HALL: Yeah.

MR, JACKY: Wat | would like for you to do
is to kind of step us around the airplane and just show

us and describe to us how you utilize the OV-10 as a

CAPI TAL H LL REPORTING | NC
(202) 466-9500



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

2064

net eorol ogi cal nmeasuring airplane platform

THE W TNESS: Ckay. Well, basically, this is
the OvV-10. It's around 11,000 pound airplane, twn
turbo prop, high wing and high tail, 40 foot span on
t he w ng. Basically, we've conpletely -- well, we've
conpletely nodified the airplane to nmake it into a
research platform primarily to take neasurenents of
wake turbulence and to take neasurenents of
nmet eor ol ogi cal par amet er s.

In terns of the question that was asked
regarding nmeteorological paraneters, things that we can
nmeasure with this aircraft are tenperature -- we've got
a tenperature probe out on the w ng. Actually, we've
got two of them One goes to a standard central air
data conputer. W've got it mounted with an aircraft
hygronmeter to measure the dew point or in layman's
terms would be the relative humdity in the atnosphere.

As you notice, we've got three boons that
cone off the aircraft. And the three boons are for the
purpose of wake nmeasurenents instead of weather
measur enents. But what | want to point out is that at
the tip of these boons, we have sensors out here that
will help us neasure how the air relative to the

aircraft is behaving to help us neke atnospheric

CAPI TAL H LL REPORTING | NC
(202) 466-9500



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

2065

turbul ence nmeasurenents.

And finally, we have positional information
in the form of an anersia navigation unit, coupled wth
the global positioning system receiver that we can then
use to back out our wnds at altitude.

MR JACKY: Thank you. For the wake vortex
flight tests that were acconplished in Atlantic Gty
last nmonth, could you please explain what vyour
participation and the OV-10's participation in the
program was?

THE W TNESS: Yes. W were asked to come up
and collect data that would help verify sonme of the
assunptions that were used in the Boeing wake vortex
encount er si nul ations.

MR, JACKY: How many flights or mnmissions did
you participate in?

THE W TNESS: W flew three m ssions. Two at
the time the 737 was flying, and then we flew an
i ndependent mssion with just the 727.

MR, JACKY: Could you briefly describe what
sort of things were you doing during the flight test?

THE W TNESS: Two things actually. The
initial request came up that there was an interest in

maki ng neasurenents of the 727 wake, again for
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verification of some of the assunptions in the

si mul at or . So part of what we did was to fly behind
the 727, and this is what the 37 and the -- well,
actually just the 37 out of the area -- and making

penetrations through the wake at various downstream
di stances to basically characterize the properties of
the wake using the flow centers on the boons as a
primary neasurenent.

The second thing we did -- and actually we
did this on all three flights. One flight was
dedi cated conpletely to it, and that was to nake
weat her neasurenments in the area that the 37 was
oper ating.

Essentially, weather neasurenments wthin a
block of altitude that we thought the wake would be --
the wake from the 727 would be behaving within, to get
a nmeasurenent of tenperature at dew point profiles,
at nospheric turbul ence, and wnds --

MR, JACKY: Cenerally speaking, could vyou
give us a characterization of how weather plays in the
effect of wake strength indicated?

THE W TNESS: Yes. One of the major flight
test areas that -- in fact, we're enbroiled in it now

And if it weren't for the furlough, we'd probably be
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out flying today, doing another one. But one of the
major flight test areas we're working on right now is
the validation of a wake decay nodel that one of our --
one of ny colleagues at Langley has developed and we're
in the mdst of doing a flight test program to go out
and validate this wake decay nobdel, which is -- it's a
decay nodel built around the assunption and the
observation from several years of having done wake
nmeasurenments in ground base facilities, that the

at nrosphere, especially things |ike atnospheric

turbul ence and the stability of the atnobsphere in terns
of tenperature dew point, et cetera, play a significant
role in the way that a wake decays.

MR JACKY: Now, | wunderstand that you
brought along a video today for some of the portions of
the flight tests that you participated in.

THE W TNESS: Yes, | did.

MR, JACKY: Could you maybe -- do you need to
set it up at all or talk a little bit about what we're
about to see?

THE W TNESS: It should be -- yeah, what the
-- the video tape is of the first -- in fact, it was
the first wake encounter flight that we ever did, and

it was actually -- it's the first day that we canme up
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and had an opportunity to fly behind the 727 in
Atlantic City.

CHAI RVAN HALL: M. Stuever, before you go,

the Chairman wants to say sonmething, that | want to be
sure that the public is aware of. W wanted to have
this test for some period of tine. | greatly
appreciation NASA providing this Ov-10. | appreciate
the FAA letting us use their 727. And | appreciate
Boei ng's assi stance. But | want a specifically

acknow edge M. Seth Schofield as the CEO of USAir.

W spent, what, about six or seven nonths,
Tom trying to find the 737. Because M. Laynor and
others felt -- we all felt that this was an extrenely
i mportant test. Wen | visited with M. Schofield and
explained our dilemma to him he was able to arrange

for a USAir 737 our of service, to be used for these

tests.

And, General, | hope that you will let him
know again, which | have said publicly before, how much
we appreciate this. Because | do think not only is

this test inportant to this investigation, it does help
advance knowl edge in this field and is sonething that
hopefully will nmake a contribution to flight safety.

Thank you, M. Stuever, for letting nme say
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t hat . Yes, M. Purvis?

MR.  PURVI S: Just a quick question. I'm
wondering if it can be -- these lights that are shining
on the screen and this one that's behind the screen
that shines at us can be dimed? This witness and the

next couple have --

CHAl RVAN  HALL: The TV lights -- in fact, |
keep hoping that all the TV caneras wll |eave, because
those lights are about killing nme, but --

(General |aughter.)

CHAl RVAN  HALL: If we could turn them off for
this one video -- if I'm turning nmy back on the
audi ence, it's not because |'m not interested. It's
just those lights after a while get your attention. |Is
that a problem with the TV, because | think we have a

video that we are providing you of what you're going to
see anyway.

Thank you, sir.

THE W TNESS: I just wanted to have you put
this slide up here because --

CHAl RVAN  HALL: Let ne just say one nore
thing and then 1'll be out of the way here, because I
feel strongly about the cooperation we've gotten from

the parties on this investigation. M. Laynor rem nded
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nme that Boeing had 28 people up there assisting in this
test. And we appreciate everything that everyone has
done to help with this investigation, but | did want to
make those points.

THE W TNESS: I wanted to put this slide back
up. It's just a precurse of what you're going to see
is footage from a video canera that we had in the tail
of the aircraft. So what you're going to be |ooking at
is just kind of an over-the-wing shot that we have.

Ckay. W're ready for the video.

(Video played.)

THE W TNESS: Ckay. These are basically just
penetrations straight through the wake of the 727, and
we've already made one penetration from the left side
to the right side, and we're getting set up to go back
t hrough the wake. W started at approximately two
mles back with the penetrations. I'"'m going to guess
this is about two and a half mles. You can see the
interception there.

Wat we're trying to do is essentially fly
the aircraft as best as we can and hit both cores. And
with the three boons that we have on the aircraft and
the three separate instrument packages on those boons,

get a pretty good cut of what the flow fields should
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| ook like.

As M. Berven pointed out, you can kind of
see sonme of the oscillation in the wake here. At | east
through this part of it. And, again, this is -- a lot
of this is driven by an atnospheric turbul ence. There
also is a kind of a self-destructing mechanic in the

wake that you typically don't see for several mles

back when you' ve got conditions that -- in which you
don't have a lot of turbulence in the atnosphere. But
a lot of this is -- as you can see, it's very hard to
nodel .

I will back up what M. Berven said It's

really not that bad of a ride. It's not a |oaded
maneuver . It's just a maneuver in the roll. And, in
fact, it does snell |ike orcopus oil. That was not

wake induced, by the way.

(CGeneral |aughter.)

THE W TNESS: "Il let it go one nore tinme
through the wake and then we can turn it off. |

believe on this one, this is the very first one we did.

| believe we followed it back to, |I'm going to guess,
seven or eight mles. I would have to look at ny
not es.

Ckay.
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MR JACKY: Have you ever used the OV-10 as a
wake penetration aircraft before?

THE WTNESS: No, not before this test.

MR JACKY: Was there anything in flying in
the wake vortex tests up in Atlantic Cty that would
have hel ped you for sone of the ongoing projects that
you're running right now?

THE WTNESS: Ch, yeah. The data from the
37. The weather data that was collected at the tine
the 37 flights were conducted. The data that we
collected -- | nean, it's all going to be very useful.
In fact, it was -- technically, we were very excited
about supporting this.

MR JACKY: Have you been able to make any
sort of assessnent of the data that you' ve collected so
far?

THE WTNESS: No. Unfortunately, you caught
us right at the beginning of a very -- well, |'m going
to say a three-nonth test program that we were just
starting. W' re at the point where we have the data
basically digitized and to put into engineering units,
but we have not gotten to the point where we corrected
it to where it's ready for release. But | don't see

that being too far in the future.
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MR. JACKY: So, therefore, you haven't nade
any sort of assessnent as to the strength of the
vortices or anything?

THE WTNESS: No, not yet.

MR, JACKY: Then you wouldn't have been able
to nake any sort of conparison back to the tinme of the
accident or the data from there?

THE WTNESS: No, sir.

MR, JACKY: You nentioned that you had a 737-
100 that you're using for part of your tests. I's that
going to be used as a wake penetrating airplane or is
it generating?

THE W TNESS: Yes.

MR, JACKY: Wat will be the wake generating
airplane for your tests?

THE W TNESS: The aircraft we'll use as the
wake generator is the Wllop C 130.

MR JACKY: And you said that those tests are
ongoing now or wll be in the future?

THE W TNESS: That series is supposed to
start -- Kkeeping our fingers crossed for the folks in
Congr ess. It's supposed to start the day after the
Thanksgi ving break.

MR JACKY: You nentioned w nd tunnel tests.
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Have you done any sort of -- or could you describe the

wake vortex tests that you' ve done in wnd tunnel work?

THE W TNESS: Yes. "Il try to do it very
briefly. It's kind of -- maybe difficult to explain.
At NASA-Langl ey, we have -- | should say we had,

because it closed about three weeks ago. W had a wind
tunnel facility there that was -- they called it the
full-scale wind tunnel.

It's a low speed wind tunnel that has a test
section, that's roughly the size of this ballroom
It's about three times as high, but it's roughly the
size of this ballroom During World War 11, it was big
enough to put the fighter -- the conplete fighter
aircraft in there for dry cleanup.

In that tunnel, we have the capability to
free flight scale nodels under -- obviously, under
pilot control. And we initiated a series of tests
about two years ago to look at the feasibility of
actually flying wake vortex encounters in that tune.

For the first series of tests that we did, we
took a business jet configuration that we had and we
took a wing that we also had that was built for another
test, and essentially put the wing in the forward part

of the test section to act as a wake generating
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airplane and flew the business jet back behind that
wing as an encounter aircraft.

That test proved successful. So as part of
our ongoing program in terns of validating wake
encounter nodels for transport aircraft and based on
the fact that we were planning to fly our own 37-100
configuration in flight tests, we went ahead and built
a free flight nodel of the -100. And, in fact, that
was the last test that was ever conducted in that
tunnel .

W finished in, | believe, the second week of
Oct ober . W did wake encounters in that tunnel.
Basically, we flew behind aircraft simulating an
aircraft the size of the 37 and then another aircraft
simulating -- or a wing simulated an aircraft that was
twice the size of the 37. And the way you nodel the
wake in the tunnel in ternms of downstream distance or
wake decay, is essentially you just change the lifting
characteristics of the forward wing by changing its
angl e of attack.

So we could vary the strength of the vortex
that the aircraft was penetrating to get a good
assessnment of, for instance, what kind of control power

was needed, what kind of encounter trajectories you
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m ght see hitting various types of vortices and so
forth.

MR, JACKY: Wuld you be able to characterize
the type of intercepts that you -- were you just trying
to fly the 37 into the wake or were you trying to very
precisely put the 37 in the wake or --

THE W TNESS: Yes. W attenpted to do two
t hi ngs. One thing was to fly precise encounters based
on approaching the wake from different positions; from
the side, from underneath, from on top, from the
m ddl e, and so forth. And we flew several passes for
each trajectory for each different vortex strength and
got a matrix of test points based on those encounters.

Then we also flew sone control power studies
to look at really how much control power you would need
to fly the nodel in a controllable fashion at different
points with respect to the vortex. And by the way, we
did mark the wake with a simlar snoke system so that
you could actually see the wake in the tunnel.

And it's a lot like what M. Berven was
tal ki ng about. W would essentially fly the aircraft,
put the wing tip in a core, and we would put the core
near the nacell es. W would put it right on the fusel

| odge and basically fly around the wake and take that
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on a control power assessment.

MR JACKY: Was there any particular
encounter that gave you a large upset or what encounter
did give you the l|arge upset?

THE W TNESS: Well, the worst upsets we had
were obviously when we had the big wing in there at its
maxi mum lift off efficient or maximum vortex strength.
I nean, we kind of expected that.

Wth respect to what we did -- | nean, tying
this into what we're going to do with our own flight
tests and what we did at Atlantic Cty, for the
configuration where we had a |ike-size vortex
generator, we got encounters, we got nodel upsets, but
we had no trouble recovering from them

MR, JACKY: And in which axis o the airplane
was the |largest deviation?

THE W TNESS: Rol | .

MR, JACKY: Rol I . Did you see any sort of
yaw or headi ng?

THE W TNESS: | can't answer that. | can't
answer that. I don't know I didn't actually fly the
maneuvers.

MR, JACKY: You nentioned the data that you

collected during the wake vortex flight test. Do you
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have any sort of an estimate as to when you night be
conplete or conpleting converting the data?

THE W TNESS: From which test?

MR JACKY: From the Atlantic City.

THE WTNESS: Ch, okay. The long hold on
that is with respect doing our video processing. One
thing I didn't point out on that slide that is on the
exhibit, we have video caneras that are underneath each
wing tip. And the reason that we put those video
caneras on underneath each wing tip was to record
stereoscopic inmages of either a vortex snoke trail
bel ow us. O in the case of when we do our 737
experinments, we're going to use those caneras to record
the position of the 37 with respect to the wake,

The lcng hold in ternms of our production is

the video. So, | nean, we're guessing that's going to
be about the end of January for that. Right now, I|ike
| said, we have the actual what | call the PCM or the

basic numerical data digitized, and we're |ooking at
sone time in the Decenber-January tinme frame to get
t hat out.

MR, JACKY: And would you be wlling to share
that information with us?

THE WTNESS: Ch, certainly.
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MR JACKY: I want to thank you for your help
on the flight test. I have no further questions.

CHAl RVAN  HALL: Does the Technical Panel have
ot her questions of this wtness?

(No response.)

CHAl RVAN  HALL: If not, we'll nove to the
parties. | see Boeing Comercial G oup. Anyone el se?
If not, we'll nove to the Boeing -- M. Purvis, wth

Boei ng.
MR PURVI S: Thank you, M. Chairnman. M.
St uever. It's kind of just a -- |I'm not sure that |

got the answer or heard the response to M. Jacky's
guesti on. The data that is being provided from the Ov-
10, | think sone of the parties are anxiously awaiting
t hat . Do you know physically when we're going to have
that in hand from the testing? Do you supply it to the
NTSB and maybe they supply it to us?

THE W TNESS: The original request, as |
understood it, were estimtes of vortex strength, which
is -- 1 nmean, based on the fact that there is a few of
us that are running this flight test that we are very
heavily involved in right now It's going to take us
quite a while to do it. | have gotten a request both

from M. Jacky and |'ve also spoken with M. Kerrigan
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about just releasing the data as it is.

As far as |'m concerned, the only thing we
have to do to it is correct it and basically just give
it a once over. So I'"'m going to say -- well, I'm going
to say maybe by Christnas at the latest, you can have
the nunerical stuff.

MR. PURVI S: Thank you very nuch.

THE W TNESS: That doesn't have anything --
it doesn't have any estimate of wake strength or -- |
nmean, we won't actually have done anything with it.
It's essentially very simlar to the data that | saw in
the Boeing exhibit.

MR. PURVI S: Thank you. That's all | have.

CHAl RVAN  HALL: USAir, General?

GENERAL ARVBTRONG Thank you, M. Chairnan.
Can you hear nme now?

CHAl RVAN  HALL: Yes.

GENERAL ARVBSTRONG You indicated that you
were nmaking sonme substitutions of a 737-100 for the Ov-
10 because it was nore representative of sonme of the
things that you wanted to exam ne. Can you give us an
idea of the relative weight conparisons of those two
ai rpl anes, approxi mation?

THE W TNESS: Excuse ne. Did you say weight?
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GENERAL ARMBTRONG Wi ght, vyes.

THE W TNESS: Qur 37 is approximtely 85,000
pounds. The OV-10 is 11, 000.

GENERAL ARVBTRONG Thank you.

CHAI RVAN  HALL: O her questions from the

parti es?

(No response.)

CHAl RVAN  HALL: If not, we'll nove to M.
d ark.

MR. CLARK: Thank you. M. Stuever, the --
can you describe the Ov-10 conpared to -- how does it
conpare to general aviation type airplanes, say, in the

King Air class, the Ctation class?

THE WTNESS: | would put it in the King Ar
class, with the exception that it's a high-wng
aircraft.

MR. CLARK: It's a high wing and you said it
wei ghed about 11,000 pounds?

THE W TNESS: Roughly 11, 000.

MR, CLARK: Are there any special
characteristics about it for its roll authority? It
runs very effective, nore effective than the general
aviation type airplanes?

THE W TNESS: | don't know.
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MR. CLARK: When you were meking these tests,
nmy understanding is you flew from behind the 727 from
two to four mles.

THE W TNESS: Yes. Excuse ne. Two to four?

MR CLARK Two to four?

THE W TNESS: Two to six or seven or eight.

I mean, it kind of depended on when the wake broke up.

MR CLARK In those tests, were you on the
ai rpl ane?

THE W TNESS: Yes.

MR CLARK It appeared from the video that
sone of the onset rates were very sudden. Is that a
fair assessnent from your perspective?

THE W TNESS: Yes.

MR, CLARK But you also said that it was

recoverable each and every tine. Is that transferrable
to an airplane like the King Air, in your estimtion?

THE W TNESS: I can't answer that. | don't
know. I don't know what the roll control power of the
King Air is.

MR. CLARK But do you have enough data now
to see what kind of roll power it takes to rest a roll
rate and possibly go back and look at a King Air to see

if it has the proper roll authority?
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THE W TNESS: Yes, if you knew what the
wei ght characteristics were.

MR. CLARK What were the maxinmum roll angles
that you saw during your testing?

THE W TNESS: Wth the OV-10, the pilot
report, which is another exhibit, | believe, but 60
degr ees.

MR. CLARK Ckay. So the airplane was
getting up to 60 degrees. Was the pilot resisting or
taking corrective action imrediately during those
encounters?

THE W TNESS: Yes, because we were flying --
trying to fly a trajectory between -- so that we hit
both cores.

MR. CLARK: So the pilot could lead with the
ailerons trying to mnimze the roll and even wth
that, still ended up at 60 degrees?

THE W TNESS: Yes.

MR CLARK How far behind the 727 were you
when you would typically encounter 60 degrees?

THE W TNESS: | can't say at this point. |
don't know. And a lot of it depends on the vortex, as
well, as to what trajectory you're taking and exactly

where you hit it.
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MR. CLARK But without having all of the
data reduced at this tinme, do you have any observations
on whether the encounter was nore severe at two mles,

four mles, six mles, or eight mles?

THE W TNESS: Just fromobservation -- again,
the pilot reported -- | nean, this is his report based
on how he was flying the maneuver and so forth. I was

kind of in the back talking on the tape and watching
the data on the display and so forth. But based on
what he said, it was kind of inperceivable as to how
severe the upset was at the various separation

di st ances. But then he also made the coment that,
again, it depends on how you hit the vortex as to how
severe it was.

MR. CLARK If you hit the vortex in a
certain way at each one of those nmles, then his
perception was the -- he couldn't tell a significant
difference or a difference between the two.

THE W TNESS: Ri ght . You had to reduce the
data to be able to identify if there are differences.
That's correct.

MR. CLARK: The project that you' re working
on at NASA, that's with the FAA also.

THE W TNESS: That's correct.
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MR, CLARK: You're working in concert wth
t he FAA And it has to deal with -- that project is to
try to establish aircraft separation limts based on
wake vortex encounters.

THE W TNESS: That's correct.

MR CLARK O establish procedures to avoid
the encounters altogether. Do you have any thoughts
from your observations on this flight test at this tine
of airplane in the class of an OVv-10 or a King Air
about the separation requirenments? Any observations
that you have in that area?

THE W TNESS: Only the observation in the
sense that a lot of the spacings as they're set up now,
are partially -- | nean, the success that they' ve had
with the spacings right now, we think are partially
successful, because the wakes have actually left the
approach corridors for one reason or another.

I mean, | don't think that there's a
docunented case in the United States of a hazardous
wake encounter when aircraft are flying under
instrunent neteorological conditions and they' re being
spaced by the controllers at those distances.

| can't tell you right now, because part of

this system relies on being able to predict where the
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wake is and how strong it is. And again, whether an
aircraft wll encounter it or not -- | nean, based on
what we flew, | don't know if | would want to encounter
that wake at 100 feet off the ground, the way we did.

MR. CLARK: O, for exanple, if you were at
night four mles behind --

THE W TNESS: Ri ght .

MR CLARK -- you don't want to encounter
that wake in that type of airplane?

THE W TNESS: Ri ght, based on what we saw.

MR. CLARK And you heard M. Berven's
statenment that he was talking about a class of
airplanes of a 737 behind a 727, and he felt
confortable that that was no big deal.

THE W TNESS: Yeah.

MR. CLARK: | guess, the question -- | guess,
from what | hear from you, is that it's a bigger deal
to have that sane encounter with a dissimlar class of
ai rplanes, such as the OvV-10 behind the 7377

THE WTNESS: OCh, yes.

MR. CLARK You also nentioned that you're
going to have future tests where you're going to be
flying behind a GC 130.

THE W TNESS: That's correct.
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MR CLARK Do you have -- is there data

available from the tower flybys, for exanple, on the C

1307

THE W TNESS: Meaning sonething |ike the
Idaho Falls data?

MR CLARK Yes.

THE W TNESS: Not to ny know edge.

MR CLARK And al so, do you have any
observations or coments about the influence of the
propellers on the C 130 and how that may effect the

wake vortex devel opnent ?

THE W TNESS: W've had a lot of discussion

about that. And, quite frankly, in going up and having

flown several mssions behind that aircraft, we haven't

noticed any significant -- | nean, once the wake rolls

up far enough downstream it's rolled up into the two

cores and you get very nice cores far downstream wth

that aircraft. And we haven't -- | nean, we

specifically |ooked for that.

Wll, | guess, | should say until we |ook at

our actual flow field measurenents, we can nake the
assunption that the wake |ooks pretty good. I nean,
| ooks as good as we need it.

MR, CLARK: But at this point -- | guess,
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when you do your testing, you nmay be able to see if the
propeller mght have an effect on the decay rate and
that will be factored into your nodeling?

THE W TNESS: Ri ght .

MR. CLARK Ckay. Thank you.

CHAl RMAN  HALL: M. Marx?

MR MARX: No questions

CHAI RMAN  HALL: M. Schl eede?

MR. SCHLEEDE: No questions.

CHAI RMAN  HALL: M. Laynor?

MR LAYNOR Just one or twd, M. Stuever. |
know that NASA has a great deal of data about vortex
vortices's strength as obtained from tower tests, both
NASA and the FAA How much data exist regarding the
strength of vortices at altitudes, out of ground
effect?

THE W TNESS: Not nuch. The things that
we're neasuring right now are -- well, to ny know edge,
other than sone tests that my old branch had did on
behind the G5 back in the early '70s, and they may
have al so done one behind a 747, ours are the only set
that | know of that we're currently neasuring.

MR.  LAYNOR Did they actually involve

instrunentation to neasure the strength of the vortex
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or was it based on the response of a certain kind of
ai rpl ane?

THE WTNESS: No, they were neasured with a
probe.

MR.  LAYNOR Is the activity that you're
engaged in right now going to include any nore of those
ki nds of tests?

THE W TNESS: I"'m sorry?

MR.  LAYNOR Is the project that you're
involved with right now intend to exam ne vortices at
altitude and the behavior in any detail?

THE W TNESS: The purpose of validating the
-- well, we call it the out-of-ground effect nodel,
which is the nodel at altitude. Is to provide us wth
a validated nodel that we can use as an interim nodel
in our aircraft vortex spacing system prototype. W
have a program with another group that's working on
this AVOSS system They have devel oped ground-based
LIDARS that actually neasure and track vortices in
ground effect.

The idea is that by the time they get all
their data that they need to develop their vortex decay
nodels in ground effect and they have these sensors

devel oped to such a point where they can actually
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deploy them in the field or around the airports, the
ground effect nmeasurenments and the ground effect nodels
will be the ones that will be used in the final AVOSS
system

The purpose of doing the out-of-ground effect
nodel is to kind of an interim solution that we can use
in our AVCSS prototypes. To ny know edge, this
particular test is the only one that we're planning to
do out-of-ground effect.

MR.  LAYNOR Ckay. Thank you, sir.

CHAI RVAN HALL: M. Stuever, were you born at
the time the 737 was originally certified?

(Ceneral laughter.)

CHAl RVAN  HALL: | don't want to get into your
age or anything, but | just was wondering.

THE W TNESS: That's a good question, because
when we were thinking about making a sinulator for the
ov-10, | got a hold of sonme simulation and stability

and control docunents and the dates were right around

the day I was born is when this airplane was designed.
CHAl RVAN  HALL: Wll, |I'm certainly inpressed

with your credentials. On your program that you're

undertaking for the FAA that | assunme you're famliar

wth the recommendations the NISB has made in the wake
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vortex area.

THE W TNESS: Regarding the classification -

CHAI RVAN  HALL.: The separation, yes.

THE W TNESS: Wth the 57?

CHAI RVAN  HALL: MM hmm

THE W TNESS: Yes.

CHAl RVAN  HALL: And | guess you have all the
material that Volpe had done in the "70s and '80s on
the tower flyby tests and that sort of information?

THE W TNESS: Yes, ny colleagues do.

CHAl RVAN  HALL: Wiile increasing airport
capacity is inportant, how are you going to factor or
will it be the FAA's responsibility to factor safety
into this equation?

THE W TNESS: wll, | nean, it's kind of a
joint thing. Wen we look at this in terns of the
hazard definition and when | spoke about defining a
nmetric, that metric is kind of something -- | nean, it
has to be sonmething that's agreed upon by the FAA by
NASA, by the airplane operators, by the manufacturers.
| nean, it's really a very big effort and, in fact,
it's sonething that we need to get started on right
away in terms of how you define this, in terns of

having a safe operation.
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| mean, it's nothing -- 1 don't know who wl|l
have the ultimate responsibility for it. That's the
best answer | can give you, but it's sonething that we

all are going to have agree upon and define together.

CHAl RVAN  HALL: And it's yet to be defined?

THE W TNESS: Yes, sir.

CHAl RVAN  HALL: I guess ny last question is
the weather in Pittsburgh on the particular day that
the USAir flight that we're discussing, | think was
very clear. Wnds were very calm

THE W TNESS: That's ny understandi ng.

CHAl RVAN  HALL: How do you take a test on a
day that's not simlar at an altitude of 15,6000 feet
versus 6,000 with different weather conditions and how
do you then factor that? |'m sure NASA is able to do
that, but |I'm interested in how do you conme up wth
sone better wunderstanding of what the vortices m ght
have been under those types of atnospheric or weather,
whatever the right word is, conditions, so that you
have a kind of apples to apples situation in |ooking at
it?

THE W TNESS: Wll, you ve given us a lot of
credit so far in ternms of having the techniques. Par t

of doing this out-of-ground effect decay test that

CAPITAL HILL REPORTING |INC
(202) 466- 9500



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

2093

we're currently involved in, is to validate a nodel of

wake decay out-of-ground effect knowi ng what the

net eorol ogi cal conditions are. In order to correlate
I mean, if you wanted to have a simulation of the
accident conditions -- well, first of all, it's going

to be very hard to do.

| nean, it's very hard to repeat the weather.
But in order to be able to verify what the conditions
were in terns of the wake and its strength and so
forth, you need to have either a neasurenent of the
wake at some downstream distance and/or a neasurenent
of the weather coupled with a validated decay nodel
that has weather ternms involved in it. And right now,
we're at the point of actually flying the flight series
that we hope -- well, that we plan to use as the
validation for the out-of-ground effect wake nodel.

CHAl RVAN  HALL: Now, M. Laynor tells nme what
we flew a nunber of these at 6,000 feet. I's that
correct? And in pretty stable air? | should have
asked the expert when he was up here. | apol ogi ze.
Wll, | just -- that's one of those things that | think
the layman is interested in in just trying to
understand what type of situation that particular plane

encountered on that day.
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Wll, we really appreciate your testinony.
Is there anything else that you would like to add?

THE WTNESS: No.

CHAI RVAN  HALL: Ckay. And we hope you will
get back to work soon, just speaking as one taxpayer.
But we'll send you back to furlough, then.

(Ceneral laughter.)

THE W TNESS: Thank you.

CHAl RVAN  HALL: You' re excused.

(Wtness excused.)

CHAI RVAN  HALL: Very well. The next w tness
is M. Mchael Carriker. He's a Senior Engineering
Project Pilot on the 737 for the Boeing Conmercial
Airplane Goup in Seattle, Wshington.

(Wtness testinony continues on the next

page. |
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M CHAEL CARRI KER, SENIOR ENG NEERING PRQJECT PILOI, 737

BOEI NG  SEATTLE, WASHI NGTON

Wher eupon,
M CHAEL CARRI KER,

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

THE W TNESS: I was nine years old when they
certified the 737.

(General |aughter.)

CHAl RVAN  HALL: That gives me nore confort.

(General laughter.)

MR, SCHLEEDE: M. Carriker, please give us
your full nane and business address?

THE W TNESS: M chael Carri ker. I"'m with the
Boeing Commercial Airplane Goup, Seattle, Washington,
98124.

MR. SCHLEEDE: Your position at Boeing?

THE W TNESS: I'"'m the Senior Engineering
Project Pilot for the 737.

MR.  SCHLEEDE: Wuld you briefly describe
what your duties and responsibilities are in that
position?
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THE W TNESS: I'"'m involved in the devel opnent

of airplane's systens, all the systens on the airplane.

I work on new airplane projects. I work on continuing
i mprovenment of the current airplane projects. I work
on accident investigations and other duties. I fly all

the other Boeing aircraft on flight tests.

MR. SCHLEEDE: Gve us a brief description of
your education and other background?

THE W TNESS: | have a bachelor's degree in

science and aeronautic engineering from Wchita State

Uni versity. I had 12 years in the Navy. | flew A-7s
and F-18s. I'"'m a graduate of the Navy Test Pilot
School . | instructed there. And |'ve worked for the

Boei ng Conpany for five years.

I have type ratings in all current Boeing
production airplanes, and |I'm an instructor, a flight
crew instructor on the 737 and the 777. | have about
5,000 total flight hours.

MR. SCHLEEDE: Thank you very nuch. M.
Jacky.

MR, JACKY: Good afternoon, M. Carriker.

THE WTNESS: M. Jacky.

MR JACKY: As part of your job function, how
much tinme in part of your duty is flying?
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THE W TNESS: | fly about 300 hours a ye=x
and work about 2200 or so, a seventh of it.

MR JACKY: How much of it is devoted to the
7377

THE WTNESS: About half of that. Hal f of
that 300 hours.

MR, JACKY: And have you flown -- been able
to fly all the derivatives of the 737?

THE W TNESS: I've flown the 300, 400, and
500. | have two flights on the 737-200, and |'ve never
flown a -100 version.

MR, JACKY: Before we get into talking about
the flight test, | wuld like to direct your attention
to Exhibit 9X-1, please. This is an article that's
been excerpted from the Boeing Airliner nagazine, the
Cct ober - Decenber issue of 1995, I was wondering if you
m ght be able to give us some background as far as what
precipitated this article?

THE W TNESS: | think during these -- during
the accident investigation process, | was a nenber of
the cockpit voice recorder team I was an ex-officio
menber of the performance group. And | am nenber of
the human perfornmance group.

I can to a realization that a lot of people
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did not wunderstand how and why airplanes fly and that
we have events that occur in fleet service that on the
offset, if you just read the data, don't see to be as
critical as the wite up.

For exanple, an airplane had a yaw danper
failure -- | nmean, a three degree hardover hit. An
airplane rolled to 11 degrees angle bank on the flight
data recorder. The crew was on the flight controls
within about one second and actually stopped the
original bank angle at five degrees. Then they
oscillated and ended up -- when they found the
solution, they ended up at 11 degrees angle bank.

The crew declared it an emergency. Thought
that if they hadn't put in imrediate control inputs,
the airplane would have rolled on its back, and they

declared it an energency and | anded.

So from the data that | read and the crew
report that | got that we also read, the two did not
seem to intermx very well. So we thought at the

Boeing Conpany that we would wite an article that
stays out there and the crews could read, and it m ght
help explain how and why this system works, what are
the actual effects of it. It would stop -- hopefully,

stop runors, put actual information out there and get
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it to the crews.

So nyself and Marty Ingham and A Nader, we
sat down and spun out this article and tal ked about
aerodynam cs, sone human factors points, and what you
m ght expect, to help preload crews. W also know that
if you give crews good sound information and training,
that they use it very well.

MR JACKY: You nentioned runors. Coul d vyou
describe what sonme of the runors that you' ve been
hearing about?

THE W TNESS: It's just that the people are

we had different airlines that had different events.
W had crews that were doing things like turning off
systems prior to landing, just in case, and things Ilike
t hat . W thought that that was not appropriate action,

but it was what they had heard, sonebody had told them

So we thought if we got sonme straight
information out there, maybe these things would slow
down.

MR, JACKY: The incident that you're
di scussing, would you characterize that as being any
sort of an unsafe condition?

THE WTNESS: No, it's a certified -- it's
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one of the failures that we |ook at. You go up and we
-- for a yaw danper hardover. W go up with a fault
injection box. W put the fault in, the rudder slans

over to three degrees, at the maximum rate avail able.

W watch it recover, and it gives the sane data that

crews do when that happens in flight, which is ten or
11 degrees. W |look at ten or 11 degrees. W know the
event is comng. You preplan for it. And you say,
okay, this is a nomnal event. And, therefore, we
don't have to protect against it.

If the yaw danper fails in this node, you
reach up and you turn it off and then you fly away.

MR, JACKY: Is there a concern within the

conpany that there mght be sone sort of inappropriate

reaction to an onset like this?

THE W TNESS: I don't think it's
i nappropri ate. The crews always take appropriate
action. They always do what they're trained to do in
t hose events. But the reports back, as they get back,

seem to be of an increased nagnitude in concern and
nore concern that we -- than it would seem like the
straight nunbers would indicate.

MR, JACKY: Have you heard any feedback or

any feedback from airline crews on this article?

CAPI TAL H LL REPORTING | NC
(202) 466-9500



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

2101

THE W TNESS: I've heard feedback from
several airlines, and they appreciated the effort.
They appreciated the explanation of lateral directional
stability, the explanations of startle events, and a
readout of what happens when this event occurs.

There's nore than 5,000 copies out there now.

MR JACKY: Has Boeing sent them to basically
every 737 operator?

THE W TNESS: W sent them to everybody -- |
don't know the exact circulation of the airline of our
nmagazi ne. But they all got them in the copy of the
nmagazi ne. And then there's also been 5,000 extra
copies printed to hand out either currently or in the
future.

MR JACKY: Does Boeing have any other
nmet hods for getting information back to crews about
kind of recurrency or updates or rem nders about
certain events?

THE W TNESS: Yes, through our Flight
Training Departnent.

MR JACKY: So they have a regular type of
publication or sonething that they put out?

THE W TNESS: Yes, the FSOPs. Yes, they have

nmedi uns by which -- where they assimlate information
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and they get those back to the flight crew, back to all
the operators, and then the operators do what they want
with them

MR JACKY: So if there would be sone sort of
recurrent event or sonething, would soneone nmake a
decision and say, we need to remnd crews about this?

THE W TNESS: Yes. And also, there's through
the airplane operation's nmanual. W nmake changes to
the operation's manual via bulletins, if sonething
specifically needs to be told, and that's another
process you can go through.

MR JACKY: Ckay. I would like to nove on to
tal king about the sinulator calibration flight test
that was held in Seattle with the USAr 737-300. W
had sone testinony from M. Berven as far as his
observations as far as the results of the tests. I was
wondering if you mght be able to tell us sone of your
reactions or inpressions.

THE W TNESS: I"ve got to agree with M.

Ber ven. I mean, we sat there and we saw the exact sane
data, the air speeds, all alike. W actually did a few
nore events than he accounted for. W did cross

control events where we put a step rudder input in and

then a fixed step aileron we put in and then added up
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those and see what the result of those things are.

On request of USAir, we did a leedrg edge
slide extension to show that the |eading edge slats
cone out symetrically. So we did that. W al so
defined the full rudder travel at speeds below the
Cross-over points. W used asymetric thrusts to add
the extra yawing nonent, actually rolling nonent,
rather, so we could use the full rudder. So we could
define what full rudder was at those slower speeds.

MR, JACKY: Can you renenber what those ful
rudder positions were at the various speeds?

THE WTNESS: No. I can look it up, but |
can't renenber them right off.

MR, JACKY: Ckay. Could you nmke some sort
of conparison of the events that were flown on the
airplane back to the engineering sinulator, the 300
si mul at or ?

THE W TNESS: W can -- the proof of natch,
al though, M. Kerrigan would be the better person to
tal k about the proof of match. W went out there and
we tested the one airplane. W tested the one USAIT
airplane -- with its trins, wth its aileron trinms and
with its engine trinms. And now our simulator matches

t hat airpl ane.
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W mght go out on a different airplane and
get two or three knots different speeds based on lots
and lots of different factors. So we had that in the
si mul at or . W found out that the rudder traveled
another two degrees nore than what our simulator had
calculated and there's reasons why that is.

So we went back in and increased the throw of
the rudder hinge nonent of the rudder. W went in and
we did -- technically evaluated that versus the steady
heading side slip to look over the cross-over point and
found a difference of four or five knots. | did a
qualitative evaluations on things like engine failures,
right after takeoff, wusing the airplane to do a side
slip cross control with the land, wng down, top
rudder . And then we did the full rudder inputs and
qualitatively, there was not any difference between the
old nodel and the new nodel.

Now, there nmay have been a degree here or two
degrees there or sonmething, but you couldn't pick it
out of the data.

MR, JACKY: But you did notice the two degree
difference in the simulator?

THE W TNESS: Yes. It cane out the

difference at that one specific test condition about
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four knots difference in increase in the changeover
speed.

MR, JACKY: Which would nmean then that if you
were decelerating from 190 knots, you would reach it at
a. 4 knots higher?

THE W TNESS: In the cab, | thought it went
from the region of the high 70s, 178, 170, into a
region of 183, 184 speed for the cross-over point.

MR, JACKY: Wen you're in a situation Ilike
that in a side slip and you do decrease bel ow whatever
the cross-over air speed is, do you regain the control
once you -- and you start to accelerate, do you regain
the control as soon as you reach or you go past that
point, whatever the air speed that you lost that?

THE W TNESS: There's an anersia term in
there and a rate term So once you overcone that, if
you're very slow and you decelerate very slowy and you

only go in theory one knot below the nagic nunber, you

pick up a very small rate. You don't have to go very
slightly above that. You would have to go one knot
back -- actually a two knot increase to counteract

t hat . It's fairly close in there.

If you two or three knots slow, then you have

to pick up three or four knots on the other side of the
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nunber to balance it out.

MR, JACKY: You nmentioned a ve were talking
about the two degree difference in the rudder and you
nmentioned, if | renenber correctly, that it would be
applicable in only that one air speed type condition or
at one portion of the flight envel ope.

THE W TNESS: Wll, again, that's a better
guestion to a person who does simulator proof of match
and does the simulator calculations. Whet her or not
they go all back through the envelope and they change
the rudder hinge nonment from 340 knots down to a 100
knots, | don't know.

MR, JACKY: Ckay. But what | wanted to ask
you was as a pilot, is that difference -- or where in
the flying envelope are you going to notice that
di fference? Wiere is it going to be applicable to you?

THE W TNESS: You never woul d.

MR JACKY: How about at rudder blow down at
hi gher speeds?

THE W TNESS: The idea of the concept here is
that you're talking about going along at a high speed,
you wouldn't just step on full rudder. There is no
maneuver that ever asks you to do that in the nornmnal

flying envel ope. So if you have an engine failure or
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an idea when you might use a full rudder, an engine
failure right at takeoff, an ABCG at full thrust and
low gross weight, you might -- when you hit that, there
is probably -- there is a difference in the theoretical
anmount of rudder pedal you have to put in, but it's
probably sonmething like the difference between three
and a half inches and three and three-quarters inches.
Along the line, and you would never know that as a

pil ot.

MR, JACKY: | asked M. Berven this question.
"1l ask you the sane thing. Wien you're flying at
190 knots and one degree of flap extension,
approxi mately how nuch rudder would you be using while
maneuvering?

THE W TNESS: Zero.

MR JACKY: Zer 0. And in flying the 300 in
general, are there any forces within the flight
envel ope that you would be actively wusing rudders?

THE W TNESS: A lot of Boeing's design goals
is to fly an airplane with your feet on the floor. So
we have balance lateral forces with the resulting
adverse yaw. You don't need to do that. So really the
only tine that you need to use the rudder pedal input

is for steering on the takeoff roll, if you have an
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engine failure, or if you want to do a side slip
landing and to line the fusel |lodge with the runway.

MR, JACKY: Wre you present yesterday for
Anne Evans' testinony?

THE W TNESS: Yes.

MR, JACKY: Wre you able to get a good | ook
at the chart of the information that she had from the
rudder --

THE W TNESS: Yes, generally. I couldn't
read the specific nunbers, but you could see they were
bigger right at zero and plus or mnus one.

MR, JACKY: Does that surprise you?

THE WTNESS: No, you see that all the tinme
on flight data recorders.

MR, JACKY: So in your flying the 737, you've
never had the -- besides in something like a steading
heading side slip, you ve never had to put in full
rudder ?

THE WTNESS: No, not in the normal flight
maneuver .

MR, JACKY: Ckay. As part of your training,
are you given any sort of training for recovery from
control system hardovers?

THE WTNESS: No.
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MR JACKY: All three axis control?
THE W TNESS: That's correct. W don't -- in
the Boeing flight crew training for the 737, we don't

address auto pilot failures, because they have been

shown to result wthin the certification limts, so you
don't have to specifically train for that event. And
since it never had, | guess, a rudder surface hardover

or a lateral control surface hardover or a pitch
control surface full throw, we don't train for events
that don't occur.

MR, JACKY: To what maxi num control position
would you train to in as far as recovery from if you
had a hardover or a jan®?

THE W TNESS: Now, we don't -- there's no
specific training for jam And the Boeing flight
training syllabus, we go with a stabilizer jam That's
one of the maneuvers that we train to fly and teach a
person in runway trinms and things like that, to stop
t hem Use the trim to fly the airplane. But we don't
-- there's no discussion of a lateral flight control
system jam or a directional flight control system jam

It's different, of course, for certification.

MR, JACKY: Now, | would like to talk about

the wake vortex tests that were flown in Atlantic Gty.
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You were the pilot in conmand of the 7377

THE W TNESS: Yes.

MR, JACKY: I would like for you to give us
sort of your characterization of the testing and sonme
of the things that you saw while performng the test?

THE W TNESS: Onhe --

MR, JACKY: Well, first let ne ask you, how
many flights were you participating in?

THE W TNESS: Every one.

MR, JACKY: And do you renenber how nmany?

THE W TNESS: I'"'m sorry?

MR, JACKY: Do you renenber a nunber of how
many flights?

THE W TNESS: Ei ght, | think. Ei ght and we

drew one of them out for bad weather out of those

flights.

MR, JACKY: I"m sorry. Go ahead.

THE W TNESS: | found the wakes to be very,
very -- like M. Berven said, | found them to be

fascinating, what they would do in the sky. They would
trail back. They woul d break up. They would -- we
developed a lot of different nanes for them pigtails,
double Us, just to try to describe what the wake did.

It was very interesting from that standpoint just to
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sit there and watch what the wakes did.

They are not frozen ropes in the sky.

They're not just this straight line in the sky. It
seens like in all the nmanuals that [|'ve read, they
woul d al ways depict the wake vortex as an expanding
thing, like a funnel shape, especially in the ground
pictures that you see. You always see them expandi ng
out and they don't expand.

They stay at this three, four, five foot
dianeter core all the way back until they burst. Four
or five or six mles back behind the airplane, which is
sonet hing unusual . They flow left, right, up and down,
inside maybe a 15 foot dianmeter tube on a stable day.

What one wake does set to have no bearing
on what the other wake does. The events, to nme, were
not startling, because we had only planned on doing
this for six nonths. But the outcone of the wake
encounter was an unpredictable event by -- what | nean
is, you think you've got it all set wup, you think
you've got it and this is what's going to happen and it
doesn't. You think that you're not going to have a
roll and you get a bigger roll. You think you're going
to have a bigger roll and you get a smaller roll off.

It is possible to quickly hit the sane wake
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twi ce, because the wake is not fixed in space. You
could possibly get a left roll and the fact that the
wake vortex is actually on your left side at that point
intime, if you cross over, it means that you roll

right back into the wake

Then again, you could have a left wake and
the wake is bent to the right slightly in front of you
and it gets you clear quickly. It's a bit stronger
than | would have expected. I would have said before
briefs that it was in the 20 to 25 degree region, and
it was probably 25 to 30. So it's not any nonunental
anount .

Wen the fusel lodge -- as M. Cash presented
yesterday norning, it's only when the fusel |odge hits
the core that you get the thunp noise. It's not when
it hits the wing or the tail or any part else. It's
when the fusel |odge has just been right at the core in
that tinme period. | also renenber that the core is
where you get the fastest roll, the biggest roll
accel erati on.

As M. Berven said, we did take one right
down the engine and it had no effect on the engine. It
had an audio noise, you snelled it, but the engine

operating characteristics were just right down the
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l'ine.

One thing interesting that it did is it
actually lifted the wndshield w per perpendicular off
the wind screen and then it popped back with a rather
subtle clicking noise. And we're pursuing -- | would
like to see pursued to see if that event is the
clickety click noise that we hear on the cockpit voice
recorder. That's tough to tag, because it's only when
| -- 1 don't think you can hear -- you won't hear it on
the audio tape, unless |1've said, okay, there was the
click, and we have to find that and have to back it up
and find that tape tine. Go back, get the CDR out,
find that exact sanme tape tine. It's a huge process to
get that out.

The flow direction around the fusel |odge was
such that on occasion, we would get the angle attack,
the stickshaker to fire, which nmeans that the | ocal
flow at the side of the fusel |odge has changed from
one to two degrees up into where the stickshaker fires,
which is about 27 degrees angle of attack. I could
check on that stickshaker.

At three nautical mles behind the wake, the
vortex, to stay in there, the wake -- the vortex had

the strength to roll the 737 at 35 degrees per second,
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which is about 12 times the nominal auto pilot rate.
How do we know that? Because we have data where we sat
in the core with full aileron displacenent, zero rudder
di spl acenent, and very Ilittle bank angle change, and
that condition outside the core resulted in a 35 degree
per second roll rate.

As you heard Robert say, the wake vortex can
be formed at five, six, seven mles behind it.

Al t hough, we never went back there. And | would agree
with the decay. W did a box the wake test, where we
tried to find the relative strength of the wake day per
day, to say well, Tuesday was |ike Wdnesday and
Wednesday was different than Thursday. And in that
test, we found out that putting a wing tip in the core
at two nautical mles was alnost the sane as three
nautical mles and three nautical mles was alnost the
sane as four nautical mles.

So if you got put in one of those position
and opened up your eyes, you wouldn't know, but you
could probably tell the difference between two and four
nautical mles. Wen it was 25 or 30 degrees a wheel
at three mles, it was probably 30 to 35 degrees at two
mles, and 25 degrees at four mles. There's a little

bit of difference, but not very nmuch.
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MR JACKY: I understand that you brought
along a video tape also.

THE W TNESS: Yes, | did.

MR, JACKY: Do you need to set up the video?

THE W TNESS: Yes. And | think | would also
have the house lights down, because there's sone of the
points | want to look at that are a subset of the whole
vi deo. | nean, it's a small inset picture. So we can
actually see hand position.

CHAI RVAN  HALL: Can we get all these lights
off again? Ws everybody able to see back there on the
last one? D d we have enough lights out and it was
contrast and everything was okay? Fine.

THE W TNESS: One thing about it, | don't

have any nice picture to show of the 737, but we had

seven video caneras installed on the airplane. There
was one on the top of the tail Iooking forward down
over the fusel | odge. There was one in the cockpit

| ooking down into the cockpit where you can see the
pilot and the copilot -- the pilot and first officer.
You can one out on the w nd screen |ooking
straight out of the cockpit. There was one on each
wing tip looking straight forward and one in the fusel

| odge | ooking down each w ng.
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Now, we're using these to position the wake
vortex exactly in space. That's the only way you can
record where the wake vortex was.

(Video played.)

THE W TNESS: It may appear that the 727 is
cl i mbi ng. That's because actually the wake is
descendi ng. The first of these two are wake stability
characteristics. In the first, you can see how it
noves and fl ows. One wake is higher than the other.
And how uniform air flows affect the wake. You can see
it lifting there. In the 727, it was actually |Ievel

the whole tine.

If you can turn the audio up -- that was when
it went over part of the Delaware Bay. And what ever
reason why, it just lifted up the whole wake and then
it just drops right back down again.

This next one, sone nore of the wake

stability characteristics. You can see how it flows
and noves. Even in the -- and even in snooth
condi tions. Notice, right when the airplane goes

through it, that the wake bursts and we get a plus or
mnus -- still get a plus or mnus 20 degree roll.
You can see it just blowing up right there

when we go through. The next one is a standard auto
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pilot turn. It's Captain Jim Gbbs from USAir in the
right seat. And also, you notice at the very
begi nning, we have an inadvertent hit of a wake
turbul ence when we're just turning around and you can
see how it just kind of shakes the whole cockpit.
That's engaging the auto pilot there.

Then you see how nmuch the wheel deflects.
That's the auto pilot limt. The auto pilot limt is
24 degrees of wheel throw when the flaps are out of
their position. And there, | was getting chastised by
the flight engineers for not performng the test
correctly.

The next one is an auto pilot wake encounter.

It's with Les Berven of the FAA It's comng in from

the left side. The first thing you see is the outside

view, and you get about a plus or mnus 20 degrees of

roll. This is the canmera |ooking straight out of the
ai r pl ane.

This is the same view from the inside. You
can see how the auto pilot commands the wheel. You can

see the wheel noves a lot quicker when the auto pilot
needs to.
The next one is where the wake is descending

in the three degree path, i.e., the 727 was com ng out
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of the sky at about 1100 feet per mnute and the
resulting 60 degree roll happened. So we just hit the
right wake, the right core, excuse ne.

Now, that is hands off. It's just hitting

the core and letting the airplane fly and then |

recover ed. Now, you see the outside picture of it.
This is taken from the T-33 chase airplane. You can
see how the other wing tip disturbed that wake. If you

notice, that other core is actually a correcting
noment .
The next one is when we did the cockpit voice

recorder flight for M. Cash, and this is just another

-- 1 didn't know they were going to play a video. The
first hit is the -- oh, excuse ne. I"m sorry. This is
the fin and the core, if |I'm not mstaken there.

This is nyself. You'll notice that ny right

hand is alnbst vertical and you can see that it goes
against the roll stop and that the airplane isn't
rolling. The canera gets precluded because of the oil
and the snoke. I had ny feet off of the rudder pedals
so that the data reduction would be easier.

The last one is a CVR flight. If you listen
to it -- | really need the audio up on the very first

pass here.
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(Audio turned up.)

THE W TNESS: And that's that.

MR JACKY: Wre the test conditions and
trying to fly through the wake, were they fairly
repeat abl e?

THE WTNESS: Yes, within the bounds of what
we tried to do. W were tasked to -- it was easy to
hit the three degree wake. That's easy to set up. W
were tasked to do two degree, five degree, and ten
degree intercepts, and that task was not easy. W had
to know the heading of the 27.

So we took sone special precautions to do
t hat . I would say our two degree task was that we
probably didn't hit it any less than two, but it wasn't

any nore three or four and our five degree task

probably went from four to six or seven. The ten
degree task was easier. It was easier to take that
bi gger cut.

MR, JACKY: Could you tell us what type of

upsets you would see in each axis?

THE W TNESS: In each axis, there is -- as
M. Berven said, there is basically a roll wupset. And
it has been said before, it's a function of how you hit

the wake and how you happen to hit the conbination of
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t he wake. There's also a little bit of a vertical G
bobble, a plus or mnus .| and .15 Gs, and very little
| at er al accel erati ons.

MR.  JACKY: How about in the pitch axis?

THE W TNESS: Very little pitch attitude
change. Just a pure heaving nonent.

MR, JACKY: Were you able during any of the
encounters to look at the yaw danper indicator in the
cockpit?

THE W TNESS: Yes, and it was -- as a matter
of fact, we had to turn it off. W turned the yaw
danper off, because, again, to make the data reduction
easier, we wanted to get the rudder notion out of the
conput at i on. So we did these events. W would cross
from left to right with the yaw danper on, cross right
to left with the yam damper off