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PROCEEDI NGS
(Tinme Not ed: 8:37 a.m)

CHAIRVAN JIM HALL: We will convene day three
of this hearing. I would like to call as our first
witness this norning, M. Paul dine. M. Cdine is a
hydraul i cs/flight control engineer on the Boeing 737
with the Boeing Comrercial Airplane Goup in Seattle
Washi ngt on.

M. dine, if you could please cone forward.

(Wtness testinony continues on the next

page. )
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PAUL CLINE, B-737 HYDRAULICS/ FLI GAT CONTROL ENG NEER,
BOEI NG COMVERCI AL Al RPLANE GROUP, SEATTLE

WASHI NGTON.

Wher eupon,
PAUL CLI NE,

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 foll ows:

CHAI RVAN HALL: M. Schl eede, please begin.

MR. SCHLEEDE: M. dine, please give us your
full nane and business address for the record?

THE W TNESS: My nanme is Paul dine.
Busi ness address is Boeing Commercial Airplane Goup
P. 0. Box 3707, Seattle, Washington.

MR SCHLEEDE: \What position do you hold at

Boei ng?

THE W TNESS: I"'ma flight control design
engi neer.

MR, SCHLEEDE: How | ong have you worked for
Boei ng?

THE W TNESS: Four and a hal f years.

MR SCHLEEDE: Wuld you give us a brief
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description of your education and background that
brings you to your position?

THE W TNESS: I have a BS in chem cal
engi neering from Montana State University. As | said,
I"ve been with Boeing for four and a half years working
in the Power Servos and Actuators Design G oup

MR SCHLEEDE: | couldn't hear the l|last part.

THE W TNESS: Excuse ne?

MR. SCHLEEDE: Say the last part you were
wor king with?

THE W TNESS: I've been at Boeing in the
capacity of the Power Servos and Actuators Design
G oup.

MR. SCHLEEDE: Are you a designated
engi neering representative for the FAA?

THE WTNESS: No, | am not.

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

MR, PHI LLI PS: Good norning, M. dine.

THE W TNESS: Good norni ng.

MR PHI LLI PS: In your position at Boeing in
the flight control nechanical systens area, what do you
generally do in your day-to-day duties?

THE W TNESS: I have the details design

CAPI TAL HILL REPORTING | NC
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responsibility for the power servos and actuators for
the 737 and 757 narrow body.

MR, PHILLI PS: So the main rudder power
control wunit package that we've discussed in previous
testinony is an area of responsibility that you have?

THE W TNESS: Yes, it is.

MR, PHILLI PS: How | ong have you been
responsi bl e for that package?

THE W TNESS: Four and a half years now.

MR, PHILLI PS: From t he begi nning of your
time at Boeing then?

THE W TNESS: Yes.

MR PH LLIPS: \Wat other simlar packages do
you have design responsibility for that's used on the
737 aircraft?

THE W TNESS: On an elevator PCU, that's the
power control wunit. Flights boiler PCU, 57's flight
boi | ers. I"ve had involvenment at one tine or another
with just all the primary axes for the 737 and the 757.

MR PH LLIPS: Are all those manufacturers or
all those actuators manufactured by Parker?

THE WTNESS: No, they are not.

MR, PHILLI PS: In your day-to-day duties, are

you involved with reviewing in-service activities,
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deficiency reports from operators?

THE W TNESS: Yes, | am "' m occasionally or
actually quite often are contacted by our customer
service's engineering to help them with any issues any
airlines mght be having with any of the conponents we
have responsibility for.

MR, PHI LLI PS: Then you are involved in also
design inprovenents to rudder actuation systens in the
areas of responsibility that you hol d?

THE W TNESS: That's true, yes.

MR PH LLIPS: \Wat has been your involvenent
with the NTSB investigations in the Colorado Springs
accident and the Pittsburgh USAi r accident?

THE W TNESS: For the Col orado Springs
accident, | didn't get involved until the sumrer of '92
when the NTSB took special interest in the main contro
val ve for the 737 rudder PCU. For the Pittsburgh
accident, | wasn't involved in any of the on-scene
wor K. However, | supported the systens group in just
about all of their investigation into the flight
control power servos and actuator conponent.

MR, PHI LLI PS: In support of the
investigation, you' ve been directly involved in testing

that's been perforned by the group?

CAPI TAL HILL REPORTING, |NC.
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THE W TNESS: Yes, | have

MR, PHILLI PS: Yesterday we've heard
testinony from M. Turner about the general flight
control systens in the airplane. Today or this
norning, we would like to get nore specific with the
rudder actuation system and, in particular, the main
rudder power control unit.

I would like to ask you to give us, first of
all, a brief summary of the PCU package, what it is,
how it operates, sone of its design features. Then
we'll go into a little nore detail into the conpounds
after that.

THE W TNESS: I guess | would like to start
with an exhibit then. Pl ease put up exhibit 9-AH page
1. Can | have 9-AH instead of 9T?

CHAI RVAN HALL: Ni ne A-H?

THE W TNESS: Yes. That's the correct one up
t here now.

(Slide shown.)

THE W TNESS: This is an isonetric view of
t he rudder PCU | i nkage. The manifold and its
associ ated caps and plugs and filters have been
stripped away for sinplicity. Also, the things that we

will be talking about later on in this testinony are
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kind of |abeled here just to give everybody an idea of
what we're tal king about. But as discussed in earlier
testinmony, this is a dual |oad path conponent.

If you look at all these |inkages, they all
have two | oad bearing nenbers. For exanple, if you
| ook at the input crank, you can see one crank stacked
on top of the other. The normal operation, they are
both operating in carrying the | oad.

If one fails for any reason, the second piece
of structure -- in this case, the crank -- is there to
carry the | oad. That follows all the way from the
i nput point on the PCU all the way into the dua
concentric servo val ve.

MR, PHI LLI PS: Could I just in there for one
second? The purpose of the dual |oad path is what?

THE W TNESS: Just for redundancy. For
failure node protection.

MR PHI LLI PS; So that if one part of the
valve would fail and would not be able to carry the
load, the other part would take its place?

THE W TNESS: O the PCU |inkages, yes.

That's true.
MR PHI LLI PS; It is sized and rated to carry

the full |oad of the package?

CAPI TAL HILL REPORTING, |NC.
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THE W TNESS: Each single load path is
carried for a full load of the package, yes.

Continuing on, there's really two nmethods that this
package can receive inputs.

One of themis directly fromthe pil ot
t hrough the pedals and the cables to the aft quadrant.
It eventually ends up at what's called the pilot input
point on this exhibit. That would really kind of be
consi dered a manual conmand. That command woul d be
transferred through the H link and through the input
crank into the internal summng levers and finally to
t he dual concentric servo val ves.

At which point, the servo valve would then
command the main piston to nove, the main system woul d
nove and resolve that command into some position of the
surface.

The other method for this package to receive
an input is through the yaw danper actuator. Commands
for the yaw danper actuator are originated at the yaw
danper coupler as electrical conmands that go to the
PCU directly to the electro-hydraulic servo valve on
the PCU, which is not shown here, which eventually
commands the yaw danper actuator to nove.

That yaw danper actuator then noves the

CAPI TAL HILL REPORTING | NC
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internal sunming |evers, which again nove the slides of
t he dual concentric servo valve, which command the
pi ston to nove, and again resolve a position of the
surface.

W have a video that we can show that kind of
hel ps illlustrate the operation of this unit a little
better.

MR, PHILLI PS: Before we get into the video,

I just had a couple of questions. The pilot input
connection point and the yaw danper actuator are the
only two -- or are they the only two inputs to the
package to nove the rudder?

THE W TNESS: Yes, they are

MR, PHILLI PS: How nuch does the pilot input
I i nkage nmove on the normal input or what's its range of
travel ?

THE W TNESS: The |inkage itself noves about
plus or mnus two inches fromthe position shown there,
which can result in plus or mnus 26 degrees of the
rudder surface on the ground. In other words, when
there's no |l oad on the rudder, the yaw danper or the
yaw danper actuator can only command, in this case,

t hree degrees of rudder.

MR PH LLIPS: Approximately how nmuch does

CAPI TAL HILL REPORTING | NC
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t hat yaw danper or node piston actuator nove?

THE W TNESS: The piston or the actuator
itself noves plus or mnus .225 inches.

MR, PHILLI PS: So less than one quarter of an
inch, .225?

THE W TNESS: Yes.

MR PHI LLI PS: This notion is transl ated
through the sunmmng levers into a notion in the dua
concentric servo val ue. How nuch does the dua
concentric servo valve nove to nmake a rudder command?

THE W TNESS: The novenent of the dual
concentric servo valve is dependent upon the rate of
t he command. But the nmaxed displacenent of the servo
slides would be forty-five thousandth for the primry
slide, an additional forty-five thousandth of effective
stroke for the secondary slide, plus another eighteen
t housandt h of non-effective stroke. That gives us a
total of just over a tenth of an inch total stroke of
t he val ve.

MR, PHILLI PS: So fromthe two inch input
that cones through the rudder cables, it would be
resolved into a tenth of an inch input to control the
val ve. Is that correct?

THE W TNESS: The command of the pilot input

CAPI TAL HILL REPORTING | NC
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is really in the formof a position which gets
translated into a rate command by the tine it gets to
t he servo. But, yes, a full displacenment of the pilot
input is about two inches, and a full displacenent of
the servo valve is just over a tenth of an inch.

MR PH LLIPS: W heard in earlier testinony
that the pilot's rudder pedals nove approxi mately four
i nches?

THE W TNESS: That's plus or mnus four
i nches, yes.

MR PHI LLI PS: Plus or mnus four inches.
Wul d you go ahead and describe your video, if you're
ready to carry on there?

THE W TNESS: Before we show the video, |
guess | should describe what we're going to see. W
adapted this from a conputer platform It was sonewhat
interactive on the conputer. So it does cone across a
little bit not quite exactly as it would on film just
because you | ose some of that inter-activeness.

So what we did is we showed the different
operation nodes of the PCU. They will repeat a couple
of times just so you can get an idea of how it works.
The first thing that will be shown is what woul d happen

froma pilot input. It will cycle through that a
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couple of tinmes.
It will then show a yaw danper input. What's
| abel ed here as the yaw danper actuator, you will see
the outer portion of that dissolve away so that we can

see the inside of the piston and we can see it nove. |

will be able to describe what |limts its stroke at that
poi nt .

Fromthere, we will go to the function of the
wal ki ng beam W'l actually see how that operates.

W will probably explain later what the purpose of that
wal king beamis, but at least we'll see it now

I would like to point out before we show the
video, though, that in transferring it fromthe
conputer format to the video format, there was an error
t hat was created. I will try to point that out in the
first part of the video. So everybody can keep that in
m nd.

MR PH LLIPS: Along those lines, is the
nodel we're going to look at is it to scale? Are there
any distortions of size or scale?

THE WTNESS: No, there are no distortions.
Everything is to accurate engineering scale. It was
generated using our engineering CAD system which we

cal | CATIA However, when we put it in video format,

CAPI TAL HI LL REPORTING | NC
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we did apply sone perspective to it to nmake it |ook
nore three dinensional. So that effect will be
sonewhat evi dent. But it's accurate in its
representation of size.

MR PHILLIPS: Is its orientation in the
video the sanme orientation as it is in the airplane?

THE W TNESS: Yes, it is. I think the video
will be pretty self-explanatory in getting this from
the airplane into the PCU in its |ocation.

MR PH LLIPS: \Wenever you're ready.

THE W TNESS: If we can show that now.

MR. PHI LLI PS: Can we get the lights di med,
pl ease, and in the audience as well?

(Vi deo shown.)

THE WTNESS: As | nentioned, this is the
portion of the video that kind of orients us to the
detail of the airplane and the rudder surface. That is
the surface noving there. Wt is shown is accurate in
its 26 degrees of deflection, either side of neutral.

The rest of the video will be shown from

roughly this position of the camera. This is the pilot

input that | was tal king about. This is some of the
i nter-activeness. I think I"'mgoing to just let this
run by and we'll get to a clean cycle here where we

CAPI TAL HILL REPORTING | NC
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won't see this fading in and out.

The portion | wanted to point out that's
slightly inaccurate is in this area right here. That
should not be noving at this point in tine. Ri ght now
when it's noving, that point should be fixed.

Everything at this end is accurate, however.

As | mentioned earlier, this is the pilot
input. What's shown here is if you were to pick center
about there, from here to here is about two inches. If
you watch carefully, you can see that when the pil ot
comands, Yyou get a command created in the servo.

W're roomng up on that area now. This is
really a command in there. Wen everything nulls out,
at that point in time, you can see that the piston

st ops. NON there was a conmand again and the piston

t ook off. It's just sinmply cycling at this point in
tinme.

Again, we're still on the pilot input. |
think the next one we'll see will be a north graphic

view of the pilot input, which |ooks nore two

di mensi onal . Again, this area up here, these two

pi eces should not be nobving at this point. That shoul d
be nore of a fixed point there.

If you watch carefully, you can see when an

CAPI TAL HILL REPORTING | NC
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input is created right now, you can see a comand
created up here, which then gets resolves by the
pi ston. Now we're at the point of resolve.

I think in the next sequence, we'll see a
zoom of this area. This is what you m ght hear
testinony later on that refers to external servo stops.
This is the sunm ng | ever here. You can see how it
contacts the external servo stops. That's some of the
control.

You can also see very well in this one the
rel ative notion between the primary slide and the
secondary slide. There is the relative notion there.

I think the next sequence we're going to go into wll
be the yaw danper operation

If you notice the output of the piston, it
will be much smaller. It's a three-degree limt. Thi s
is the yaw danper piston here that's cycling between
t he yaw danper en-cap and the ODT di aphragm Those twc
pi eces control just exactly how far that piston can
st roke. As | nentioned earlier, it's about plus or
m nus .225 inches.

This is a close up of the sane thing. W're
not showi ng any control valve command in this just to

make it sinpler to visualize.
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This is the wal king beam function that |
menti oned earlier. This vertical piece here really has
the ability to -- what we call to break to kind of
di splace itself. It's really to protect the interna
conmponents of the PCU. W will show a close up of
t hat . It will be a little nore explanatory.

This is the wal ki ng beam here. There's a CAM
and spring arrangenent in this area. As it breaks, the
CAM conpresses the spring and provides us with our
wal ki ng beam break out force.

I think that's all we have.

MR, PHILLI PS: Thi s engi neering nodel
simulation was created by Boeing for use in the
investigation and also further studies we may be doing.
Could you give us an estimate of how nmuch tinme was
required to created that video simulation and who was
involved in that?

THE W TNESS: It takes nmuch nore tinme than
you woul d expect. It starts by ne sitting dowmn at one
our conputer rated design termnals, which again is
called "CATIA " and actually created each one of these
pieces. At that point, some kinematic laws are witten
so the conputer can understand how the pieces should

nove, what controls the novenent of the pieces.
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W nmeke what's called "key frames" for each
one of these positions. From there's, it's dunped over
to our nedia departnent, which takes these key frames
and generates many, many in between positions. The
filmyou were |ooking at was 30 frames a second.

That's what gives it a very snooth | ook

For each frame, we have to render that, which
gives it the 3-D solid type |ook. Then we have to
convert that to video. In the past three weeks, |
think we've had several graphic conputers running ful
time, 24 hours a day to get that acconplish. That
doesn't include any of the time that was originally put
into generating the CATIA data set.

| actually started generating that data set
when | joined the conpany, which was back in 1990.

MR PHI LLI PS: Has this tool been used in
visualizing any other accident scenarios or has it been
applied to an accident investigation in your know edge
in the past?

THE W TNESS: Not to nmy know edge, but I'm
sure in one way or another, it's been applied.

MR PHI LLI PS: So its basic function within
the conpany nornmally is for design purposes?

THE W TNESS: The CATI A software, yes. Its

CAPI TAL HILL REPORTING, |NC.
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basic function is for design. However, the graphics
group is really out of our maintenance training group
which we use for training the operators.

MR PHI LLI PS: So if this nodel was created
wi th engineering drawings and controlled by engineering
staff, if there was a defect or sonething that didn't
work right, it would becone apparent in this nodel for
the first time or could it be used for that?

THE WTNESS: Well, this is the first tine
that that nodel has been presented in the format as
visually pleasing as that. On CATIA itself, the
ki nematics and the operation of the PCU in nmuch nore
dry, less pleasing engineering terns has been worked
out many tines over

MR PH LLIPS: \Wen the original draw ngs
were done for this unit, they were done on traditiona
ink and paper or regular drawing systens?

THE W TNESS: Excuse ne?

MR PHI LLI PS; There wasn't any conputer
nodel i ng done at the tine the package was originally
designed in the '60s?

THE W TNESS: No, when this package was
originally designed, it was all done on paper, hand

cal cul ati ons. It's the same thing we would do on the
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conmputer, just nuch nore |abor intensive.

MR, PHILLI PS: Turning now into your
experiences in the investigations of the Col orado
Springs and the USAir 427 accidents. I would like to
start with the Colorado Springs accident. When did you
becone first involved in the investigation of the
rudder system for that accident?

THE W TNESS: | becane first involved with a
United pilot squawked an airplane during a flight
control's check. He squawked the rudder system The
Uni ted nmechanics renoved the rudder PCU, the main
rudder PCU. During their testing of that unit, they
uncovered a condition where the PCU woul dn't
necessarily respond correctly to its input.

Mysel f and the Parker Hannifin Corporation
were notified. Wth United engineers, Boeing engineers
and Parker engineers, we all convened at the Parker CFO
facility in Irvine, California, to again perform the
same type of testing that the United nechanics had
done.

W were able to duplicate their effort and
realize we had uncovered sone operational nodes within
the dual servo that we weren't aware of before. |

think at that point in tinme, the NITSB was notifi ed.
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They becane i nvol ved. Because of the accident
i nvestigation on Colorado Springs, there was kind of
sone open rudder issues.

When they becane invol ved, they brought al ong
the dual concentric servo from the Col orado Springs
ai rpl ane. W went through the same sort of testing
scenarios with that as we had with the original United.

MR, PHILLI PS: Could you briefly describe the
event with the United airplane that led to your
i nvol vement? You said that during some -- there was a
pilot squawk that initiated the renoval or the testing
of the PCU and the renoval. Do you recall exactly what
that fault was?

THE W TNESS: | don't recall the exact words,
but it was to the point that when the pilot perforned
the control's check, what he called as the rudder
stall ed or hung up. In other words, he couldn't nove
hi s pedal s. I think he said they stopped at about 25
percent of rudder travel.

When the United nmechanics renoved it from the
airplane and put it on their test bench, they were
testing it per the Boeing overhaul nanual. When t hey
cane to a test called the "force versus input |inkage"

-- I"'msorry -- the "force versus input displacenent
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test,” they put the PCU in the test fixture for that
test, started to performthe test and the PCU actually
went the wong direction. And what the test intended
and it damaged part of their test fixture, that's when
they notified Boeing and we got involved.

MR, PHILLI PS: The pilot found this fault on
the airplane while he was taxing out before he got into
the air?

THE W TNESS: Yes, he did. He found it as
part of his normal pre-flight control's check.

MR PHI LLI PS: This was the first tine in
your know edge that any such fault had ever been
reported to Boeing?

THE WTNESS: Any fault of this nature, yes.

MR, PHI LLI PS: O that nature. As a result
of the notion that wasn't expected in the test, what
did you do then?

THE W TNESS: That's when the PCU was taken
to Parker Hannifin and we duplicated the results of the
test at Parker Hannifin. W didn't destroy any test
fixture because we were kind of aware of what was going
t o happen. But it took us several weeks to figure out
exactly what was happening and why it was happeni ng,

but it turns out that the summ ng |evers -- maybe we
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could put the 9-AH exhibit back up, sheet one.

(Slide shown.)

THE W TNESS: It turns out that the summ ng
levers in this area -- on that particular airplane,
there was a secondary sunmng lever, which is this
| ower one -- had an incorrect msmachi ned chanfer near
the external servo stop, which is this area here just
on the other underside. Instead of the |ever stopping
agai nst that face, it could tend to slip past it and
cause the secondary to stroke farther than it was
really intended to for normal operation.

When it did that, it took the secondary into
what we call an over-stroking region. The control
passages at that point begin to flowin a way that we
didn't intend and we can end up with sone residua
pressures that under certain conditions can actually
reverse the rudder PCU

MR PHI LLI PS: So then the result of a pilot
input to that particular package would be a notion of
the rudder opposite the intended direction?

THE W TNESS: On the particular unit that
United had found, on the airplane when the pilot noved
t he rudder pedals, he wasn't stroking the secondary far

enough to cause a reversal, but he was causing some
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very |low residual pressures, some very, very hinge
nonent of the rudder PCU and he was just physically
unable to nove the rudder surface. That's why he felt
t he pedals kind of what you would call the stall or
| ock up.

MR PH LLIPS: Wuld that have only occurred
in one direction of rudder novenent?

THE W TNESS: On that particular PCU, yes.
It's feasible it could happen in both directions. Most
of the units we've |looked at, if they do it at all,
only do it in one direction

MR PHILLIPS: You' ve used the word residua
pressure and hi nge nonent. Maybe it would be a good
pl ace here to stop and define residual pressure in
layman's terns and al so what a hinge nonment is?

THE W TNESS: Let ne start first with hinge
nmoment . I think in earlier testinony, the words that
were used were torque. It's really the force that the
PCU applies to the surface to cause the surface to
def | ect . W refer to that as hinge nonent.

Resi dual pressure is just sinply -- it takes
a differential pressure across the piston to create a
force, to create the hinge nonent. Resi dual pressure

is sinply a major of the effective pressure that
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remains to the piston. So really it's a neasure of the
effect of the rudder hinge nonent.

Usual |y when we say residual pressure, we're
usual ly talking sonmething that's not what we want it to
be at that point in tine. So it's sonething less than
what we hoped it to be.

MR, PHILLI PS: So if we said sonething |ike
"leftover," would that be the same as residual ?

THE W TNESS: Yes, that's another way to say
t hat .

MR PHLLIPS: As a result of the findings of
the testing and the notion of the rudder opposite of
the comuand, what was done to correct that problenf

THE W TNESS: The servo valve really contains
two sets of stops. The one set |'ve nentioned already
is the external servo stops. It also has stops
internal to the servo, which can't be seen here but
they would be inside the servo at this end.

Anytinme you stroke past the external servo
stops, then you're relying on the internal stops to
control the stroke of the slides. Those internal stops
were sinply set too far and under certain conditions,
they allowed the slides to stroke too far.

So the design change was really just to
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nodify the tolerances to nore accurately control the
| ocation of the internal stops, which in turn contro
the stroke of the secondary slide. W kept the
resi dual pressures and everything where we wanted them
by doing that.

MR, PHILLI PS: so after 20 years -- 20 sone
odd years of operation, this was sonething that was
first discovered?

THE W TNESS: Yes, that's true. It takes a
very specific set of circunstances to over stroke the
secondary. Under nornmal operation, everything would
work perfectly fine and you would never run across
this. It takes something such as a m smachi ned chanfer
or a jamwthin the servo to cause that.

Those two events are so rare that it took
that amount of tinme for us to really discover the
situati on we had.

MR, PHILLI PS: So would it be safe to say in
the 20 years of operation of this fleet of airplanes,
with this package and no significant changes, it just
appeared one day because of the circunstances that cane
t oget her ?

THE W TNESS: Yes, it became evident.

MR. PHI LLI PS: At the tine of this event, was
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there any testing, in your opinion, that would have or
shoul d have detected this position or this condition?

THE W TNESS: I"m not sure what you're asking
me. You're asking if there was any testing that was in
exi stence that should have?

MR PHLLIPS: At the tinme of the event and
precedi ng the event, were there any tests at the
manuf acturers level or in the operation of the airplane
that woul d have detected this event before it happened?

THE WTNESS: Yes, there were two tests that
really would detect this event. One is at the
manuf acturing level, also at the overhaul |evel of the
PCU. That's the test | referred to earlier called the
force versus input travel or input displacenment test.
That really strokes the valve to its fullest position.
Measures the force while it's doing that.

If at that point in tine there' s anything
wong with the valve or the conditions exist to cause
over stroking, it would becone evident. Al so at the
airplane level, the pre-flight control's check, any
time the pilot noves the pedals to their full range
freedom of notion, he acconplishes the sane thing.
That's really what happened with the United pil ot

di scovered this on the control's check
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There was a case where the secondary slide
woul dn't necessarily -- 1 always go beyond the externa
st op. Sonmetines it engaged nornmally and sonetines it
could slip past. It really took a situation where the
yaw danper actuator and the pilot input had to be at
the right place at the right tine. That's what he
acconpl i shed when he did his control check.

MR, PHILLI PS: So that day when the United
pilot did his control's check and discovered this, that
was the beginning of the first indication we had ever
had that this could exist?

THE WTNESS: Yes, that's true

MR, PHILLI PS: There's been changes nade in
the design to keep that from happening agai n?

THE W TNESS: Yes, there's been changes nade
in the design and changes made in the testing as well.
W know, as | nentioned earlier, the PCU that came off
of the United airplane was sonewhat intermttent. So
the pre-flight control's check on a daily basis, at
that point, was the best check for that.

W' ve now nodified the overhaul and
acceptance test procedures for this rudder PCU. SO now
we can purposely stroke the secondary to its interna

[imts and nonitor the output of the PCU while we're
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doing that. That, wi thout a doubt, wll check for this
condi ti on.

MR PH LLIPS: Wen did you routinely begin
t hose tests?

THE W TNESS: They routinely began somewhere
early '93, | believe, January of '93.

MR PHI LLI PS: So all wunits that have been
manuf act ured have been returned for service to Parker,

t hen have gone through that test?

THE W TNESS: Si nce January of '93, yes.

MR, PHILLI PS: Si nce January of '93. Do you
recall whether the Colorado Springs actuator or package
had been tested for this condition?

THE W TNESS: Yes, it had been tested for
this condition. I mght have failed to nention earlier
that this condition doesn't really exist on all dua
concentric servos. It's really a matter of tolerances.
Wien you take many parts and stack them together, your
final dimension is not necessarily going to be the sane
every time you do that.

So sonme units we'll stack up and they can
never have a problem O her units or tolerance stack
up mght be such that under the right conditions we

could over stroke the secondary.
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Wen we tested the unit from Col orado
Springs, it happened to be one of the units that the
stack up was correct. It could not at any point have
been a unit that caused any sort of reversal or |ock up
of the PCU because of secondary over stroking.

MR, PHI LLI PS: So in your opinion, based on
the testing and your observations of the Col orado
Springs accident, that unit was not capable of
reversi ng?

THE W TNESS: That's true.

MR PHI LLI PS: The testing that began in '93
to uncover this condition, have there been any other
reports of reversals or loss of control or binding in
systens that you' re aware of?

THE W TNESS: Si nce January of '93, since
we' ve inplenmented the new design tolerances and the new
test procedures, there hasn't been any that |'m aware
of at all.

MR PHI LLI PS: | believe the FAA issued an
airworthiness directive to require the changes you're
tal ki ng about ?

THE W TNESS: Yes, they did

MR PHI LLI PS: Could you briefly describe --

we'll have later testinony concerning that, but in your
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view, could you briefly describe what that acconplishes
and what kind of tinme franme that we'd expect to see the
737 fleet nodified in?

THE W TNESS: The AD that the FAA wote
requires that all 737 operators update the dual
concentric servo valve within the rudder PCU To
update them that unit is sent to the supplier who test
the unit to determ ne exactly what its operationa
characteristics are.

From that test, they can then determ ne how
to nodify the internal stops to nmake it operate
correctly all of the tinme, if they need to. It's given
a new part nunber at that point in tine. Then it can
go back into service.

The FAA has given the operators five years
froml believe it's March of '93 to acconplish that.
That date may not be exactly correctly. The five years
is correct. I"m not sure at what point in tine the
five years started though.

MR PHI LLI PS: Do you have any indication
what that five year tine period was based on and what
went into the decision to say five years rather than
three years or two years?

THE WTNESS: There's a lot of things that go
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into that decision. Many |'m probably not aware of.
But it's based on the ability for the airlines to
acconplish, to fix, as well as maintaining the safety
of the fleet while they're acconplishing the fix. The
FAA woul d be better to answer that question.

MR PHLLIPS: W'Ill ask themin later
t esti nmony. Is there any guarantee that this condition
woul d be found on an airplane that hasn't been
nodi fied? 1s there any test that the pilots do, the
pre-flight control's check, would that be adequate to
find the fault that we've discussed here?

THE W TNESS: In nost cases -- well, probably
all cases, the pre-flight control's check is adequate.
However, we al so devel oped what we called an on-w ng
check. A check that you can acconplish on the
ai rpl ane. The FAA has mandated that that check be
perfornmed at 750 hour intervals until the PCU is
nodified -- or I"msorry, the servo is nodified. That
check just tends to add to the confidence and verify
the results of the pre-flight control's checks that the
pilots are perform ng every day.

MR, PHILLI PS: Do you know whet her the PCU
that was installed in USAir 427 had been nodified with

this change?
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THE WTNESS. No, it had not.

MR, PHILLI PS: It had not. Are you aware of
whet her the checks had been perforned by USAir to
verify that it was functioning correctly?

THE W TNESS: I think the checks had been
perforned, yes, correctly.

MR PH LLIPS: W'Il have some USAir
testinony later on. We'll ask that question again. In
your observations of the USAir 427 accident, could you
briefly describe your participation with the systens
group investigation, the sequence of events that we
followed and give us a general discussion of that?

THE W TNESS: Yes, | can. I wasn't involved
in the on-scene work, but | was first contacted by
Steve Wik of Parker Hannifin to consult in the renova
of the rudder PCU, the main rudder PCU at the accident
scene. Steve was at the scene.

During ny discussion with him we decided
that we wanted to try to get the PCU into a |aboratory
environment as undi sturbed as possible fromthe
acci dent scene. To do that, we realized that if we
shimed the input crank relative to the manifold, we
could really kind of freeze the position of the PCU and

its internal conponent for shipnent. That was
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acconpl i shed on-scene.

During the renoval, | actually had to cut
away some of the structure to nmake it easier to renove
the PCU without disturbing it. That PCU was renoved
and shimed and sent to a |ab environnment. The first
place it went to was the equipnment quality analysis |ab
at the Boeing facility.

In the EQA lab, the first thing we
acconpli shed was to video docunent everything we could
externally on the PCU. What the conmmission of it was,
were all lock wires intact, were all the caps and bolts
and nuts bottoned? That type of thing.

W also x-rayed the PCU at that point in tinme
to look inside to see if we could see |large foreign
objects or if we could see anything in a position that
it shouldn't have been in or basically just to docunent
what we could see inside the PCU before we ever tested
it.

From there, the PCU was taken to the Parker
Hannifin facility. They really have nmuch better test
facilities for testing the PCU. It would have been
possible to do it at Boeing, but it would just take
much set up and we didn't really have the tine or the

pl ace to do that.

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



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

607

Wiile it was at the manufacturer's facility,
in order to prepare the PCU for testing, we had to
renove the existing piston external summng |lever and H
i nk because they were damaged, they were bent during
t he accident. During the renoval or replacenent of
t hose conponents, we took some fluid sanples. I think
I have an exhibit we can look at to really determne
where the sanples were taken from

If you could put up Exhibit 19, please.

(Slide shown.)

THE W TNESS: There's really four places of
interest that are |labeled on this exhibit. Starting
fromthe left side of that exhibit, you can't see al
of it, but it says A system pressure filter. W& renove
the cap fromthat filter and took a fluid sanple from
around that filter.

Al though this is a schematic, it does show
kind of an accurate representation of the cap and the
filter. So you can just inmagine unscrewing the cap
around the filter and then pouring the fluid out of
that cavity while we were holding the filter in place.
W did not want to disturb anything by renoving the
filter. So we held it in place while we poured the

fluid out of there.
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I would like to nmention that the flow of the
hydraulic fluid through that filter is fromoutside to
i nsi de. So that when you're pouring the fluid away
fromthe outside of the filter, you're really getting
the dirty side of the fluid. You' re pouring out
everything that the filter had trapped there.

W did that at the A system pressure filter.
W did that at the B system pressure filter, which is
on the right-hand side of the exhibit. W did that at
the yaw danper filter, which is just above the B system
pressure filter.

One of the last places we did that was in an
area we call the link cavity, |labeled kind of in the
upper center of the exhibit. That's a cavity that the
linkage as we saw in the video are inside that cavity.
So it's a fairly large cavity. It did have a
significant volume of fluid in it.

I would like to point out, too, that that is
-- as fluid flows through the conponent, that is the
|ast place it is before it |eaves the conponent. So
that link cavity is really downstream of everything
else in the PCU, including the dual concentric servo
val ve.

Moving on in the testing we acconplished at
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Parker, after we obtained sanples and put the new
conponents on it, we perforned what we call the top
assenbly acceptance test procedure. W did that per
the instructions in the Boeing overhaul manual

The PCU passed all tests except for one.

That woul d be test nunber five, which neasures sone

i nput force |evels. It turned out that the plot we
acconplished during that clipped one of the corners of
the limts. It's really a judgnent call as to whether
it failed that test or not.

I think if you ran that test nore than once,
you woul d probably pass sonetinmes and not pass other
tines. It was borderline. But in any case, it
wouldn't really affect the operation of the PCU

From that point, we then went to the
conmponent |level to check the dual concentric servo
val ve. To do this, you have to renove the PCU from the
servo. Wien you renove the PCU -- |'msorry. You have
to renove the servo valve from the PCU. When you
renove it, you have to partially disassenble the PCU
and the servo itself.

So while we did that disassenbly, we were
exam ning parts, looking for any sort of foreign object

or debris or damage that mght be in there on both the
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PCU and the servo. W found no danage, no debris,
nothing that would really key us into any sort of
probl em the PCU woul d have or the servo.
We then took the servo and put it on a

different test fixture and tested it for another set of

requi rements, which we call "conponent |eve
requirenents."” They are also contained with the Boeing
over haul manual . That servo again passed all

acceptance tests, except for two. One was the full
scale flow test on the B system The other was a
primary slide friction test.

The primary slide friction test was .5 ounces
t oo hi gh. It has an upper limt of 12 ounces. W
measured it at 12.5 ounces, which is really
insignificant.

MR PHI LLI PS: That's the amount of force it
takes to nove the primary slide?

THE W TNESS: Yes, it is.

MR, PHI LLI PS: Let ne junp in here. You' ve
said "we" a lot and you're referring to a lot of
testing. Can you tell me who was directing the testing
and were the test plans and control of the testing cane
fronf

THE WTNESS: Al the testing was directed by
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t he NTSB. The test plans and the direction of the
testing was coordi nated and agreed upon within the
systems group. So at this point we've tested the PCUs
assenbly and the servo as a conponent. I would like to
show Exhi bit 9-A, page 52

MR PHI LLI PS: I would like to note that |
believe you' ve got an over-qualified view graph turner
over there.

THE W TNESS: It would could slide it up.
I"'monly really interested in the bottom portion of
t hat .

(Slide shown.)

THE W TNESS: These are the conclusions that
after this phase of testing, the systens group sat down
and we said, okay, what do we know at this point? This
was actually witten in the field notes. | guess |
would kind of like to read it just because it's easy to
do.

Nunber one, "Testing and exam nation
conducted on the rudder PCU validated that the unit is
capable of performng its intended functions as
specified by the Boeing Commercial Airplane Goup."
Nunmber two, "Testing validated that the unit was

i ncapabl e of unconmmanded rudder reversal." Number
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three, "The yaw danper system conponents of the unit
functioned normally and the yaw deflection limt of
plus or mnus three degrees was verified."

That test was kind of a test that it
generated some interest within the systens group. So
we kind of devised a special test to verify that the
yaw danper really did only go to three degrees and its
rate limt was the 50 degrees per second as the design
speci fi ed.

The subconponent perfornmance variations noted
during testing did not affect the overall PCU function
That really says that the full-scale flow gain and the
primary slide friction really don't affect the PCU
operation to a detectable |evel.

BY MR PHI LLIPS:

MR PHI LLI PS: So these conclusions witten
by the NTSB systens group sunmarize that the testing,
al t hough there were some anonalies noted, it did
indicate that the belief of the group was that the unit
did what it was supposed to do?

THE W TNESS: Yes, that's true. W really
spent the next three nonths performng a |ot of
different types of testings and exam nations that

really only further validated those conclusions. |
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think this was probably the best work we did. W | ust
didn't realize it at that point in tinme.

MR, PHILLI PS: You bring up the point that
additional testing occurred after the initial
observati ons. Could you go into those tests?

THE W TNESS: Yes, | can. I mentioned that
we had renoved the fluid sanples from the PCU. What
didn't nmention is that when we sent those fluid sanples
to the Monsanto Corporation, we got the results back.
The particulate count, although you would expect it to
be high on the filter sanples because we did collect
fluid fromthe dirty side of the filters, it was also
high in the link cavity.

When | say high, |1 nean Monsanto uses the
Boeing NAS 1638 Class 9 delivery requirenent as kind of
their baseline for what they consider to be high or
not. We exceeded class 9. I think in the link cavity,
it was class 12. So that generated sone interest about
what these particles with this particul ate
contam nation could really do to the operation of the
PCU.

Specifically it generated sone questions
about how the control valves, the dual concentric

control valve, would react to certain types of
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particul ates. That really caused us to do two types of
testing and a lot of exam nation. \ell, first of all,
let me nention the two types of testing. W can
di scuss those |ater.

One of the tests we perforned was called the
chip shear test where we actually put particulates in
the servo valve to shear those pieces to see, nunber
one, what kind of force it would take to shear them
And, nunber two, what kind of evidence or danmage does
it do to the servo valve itself.

MR PHI LLI PS: Let me junp in there. Are you
really trying to shear chips or are you trying to
detect the presence of the jamas a result of the chip
or both?

THE W TNESS: Both is a better answer.

That's an option.

MR PHILLIPS: Wen were those tests
conduct ed?

THE W TNESS: The chip shear test itself was
conducted, | think the second week of January ' 95.

That, again, was done at the Boeing equipnment quality
anal ysis lab under the direction of the NTSB with the
entire systens group involved.

MR PH LLIPS: Are you going to describe the
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results of that testing?

THE W TNESS: Yes, would you like ne to do

t hat ?

MR, PHILLI PS: I f you woul d?

THE WTNESS: W selected several materials
to shear. I think approximtely ten materi al s. Most

of those or all of those materials are represented
within the make up of the PCU itself. If 1 were to
read sonme of the exanples of materials we subjected the
valve to, it would be EPR rubber, which is the rubber
O rings. It's nade out of teflon. That's what the
back ups and seals in the conponent are nade out of.
W used sone 302 stainless. Sone nusic wire, which is
a very hard wre. Some 20 and 24 al um num Sonme 52-
100 al um num ri cobronze chrone. Sone 43-40 stainless.

Wat we really found was that we coul d shear
everything we put in the valve except for one piece,
and that was a piece of 52-100. Fifty-two one hundred
is a very hard material. But what we found was that
the soft materials we could shear very easily, have
very low force |evels. In one case, we were just over
a pound.

Materials like the nusic wire and the

stainless, we sheared those between anywhere from 20 to
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37 pounds. But what we really found out was that at
about 20 pounds of force, if there's anything in the
val ve that causes the valve or tries to stick the valve
with at |east 20 pounds of force or nore, it does
danmage to the val ve. It breaks the edge of the |ands.
It kind of snmears the edge of the valve a little bit.
It creates very visual evidence. Sonet hi ng that you
can see at 25 tinmes nmagnification very easily.

MR PHI LLI PS: Could I junp in here? The
selection of materials that you used for the -- that we
used for the chip shear test, what was the basis for
using 52-100 teflon and those material s?

THE W TNESS: Part of the was the types of
particul ates we have found in the fluid sanples. Also
the types of materials that are used within the PCU and
the control valve. The 52-100 that you nentioned is
what the sleeves or the wafers, as we call them of the
control valve are nmade out of. SO we just use
materials that were represented in the PCU itself.

MR PHI LLI PS: The particle size of the chips
that were used in the shear test, did that represent
the size of any chip that was found in the fluid
sanpl es?

THE WTNESS: No, that's a good point. \hat
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was found in the fluid sanples ranged between a five
and 100 micron. A hundred mcron is alnost four
t housandt h of an inch. Some of the pieces we used were
fifteen thousandths by forty thousandths. W used
pi eces that were nmany, nmany, nmany tinmes greater than
any particulate we found in the fluid sanples.

Nunber one, it's very difficult to take a
five mcron particle and even control the placenent of
it. Nunber two, the -- nunber two actually slipped ny
m nd.

MR PH LLIPS: Wll, one was good enough, |
guess. After the chip shear tests were done, was there
any additional tests done or review of the USAr 427
conponents in regards to that test?

THE WTNESS:  Yes. Like | said earlier, we
realized that at 20 pounds, it created a |ot of damage.
Most of the danage we created was on the very edge of
the |l ands or the slides. However, when we put the
pi ece of 52-100 there, that's the one piece that we did
not shear at the force levels we tested at.

W did not create any danmage on the very edge
of the land or the slide, partially because of the
geonetry of the chip. W actually didn't contact the

edge of the slide. It kind of hooked around and
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contacted the face of the slide. But we did create
damage on the face of the slide. That was one area
that we hadn't really specifically |ooked at on the
acci dent val ve.

So we went back and | ooked at that again just
to make sure that there wasn't a simlar type of chip
within the accident valve that created damage on the
face rather than the edge. W did not find anything.

MR, PHILLI PS: Could you relate the findings
of the chip shear task in your observations in genera
to what was observed on the USAir 427 conponents, both
in relationship to markings that would have been |eft
by a jam and the ability of the unit to shear chips?

THE WTNESS: Well, the ability of the unit
to shear chips was actually much better than | had
expected personally. In one case, we didn't even
realize we were shearing the chips. W thought we had
the test set up wong until we realized we had chopped
up the chip and it was laying in there already. But
the evidence created in the chip shear test was, l|ike I
said, a fairly |large nagnitude. Sonet hi ng you coul d
see very easily with 25 tines magnification. None of
that type of evidence existed on the accident valve.

The accident valve was examined with a
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scanning electro-mcroscope in the NISB | aboratories up
to several thousand tine magnifications. W couldn't
find anything that was not related to nmanufacturing of
t he val ve.

MR, PHI LLI PS: So it's your belief that if a
chip large enough to jam the val ve woul d have been
present in the accident valve, it would have been
observed during the testing that was perforned?

THE W TNESS: Yes, and it would have been
observed very easily and very readily.

MR, PHILLI PS: Then would it be safe to go
anot her step and say that you see no evidence that this
val ve had been jamed?

THE W TNESS: Yes, that's very true.

MR PH LLIPS: Wat, in your opinion, is the
concern about a jammed val ve? \Wat would be the
effects if it had jamed?

THE W TNESS: If both slides of the valve had
janmmed, you really negate the effect of the PCU
f eedback loop to null the valve, and the PCU woul d just
continue to go until it stopped, from running out of
stroke, which would really be a hard over rudder. And
because of the earlier testinony that the performnce

group is back to back, where the yaw nonent was seen on
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the FDR data, that keyed the systens into |ooking very
closely at the rudder conmponents and anything that
could cause it to go hard over like that.

A dual jam of the control valve is sonething
that could produce a hard over. However, a dual jam
that -- nunber one, a dual jam | don't think anybody
I"ve talked to has ever seen a dual jam dual of a dua
concentric val ve. Nunber two, there wasn't any
evi dence of any sort of jam whatsoever on the accident
val ve.

MR, PHILLI PS: So to the best of your
know edge, there is no evidence that a dual jam has
ever occurred in this control valve?

THE W TNESS: To the best of ny know edge,
Yes, that's true

MR PHI LLI PS: You nentioned additiona
testing beyond the chip shear test. Was there
addi tional contam nation testing perforned?

THE W TNESS: Yes, we did sonme additiona
particulate contam nation testing. \Wat we did was we
took a brand new rudder PCU and we renoved the new
servo valve from that PCU and we installed the servo
val ves that we had obtained fromin-service. W want ed

to kind of use a representative sanple.
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So we took a valve that had some service
hours on it and installed it under the new PCU a new
rudder PCU. Then tested that rudder PCU in an
environment in which we had purposely introduced
contamnants into the hydraulic fluid. The
contam nants we introduced, they ranged between five
and 100 m crons. I'"'msorry, maybe five and only 80
m crons. Very simlar to the fluid sanples
particulates that we had found in the accident rudder
PCU.

Let me back up a little bit. Before we
started introducing the contamnated fluid in the PCU
we renoved all the filters from the PCU. So we had no
filtration protection on the PCU itself. So then we
put that PCU in an environment with this particulate in
the fluid. And what we did is we started out with an
NES 1638 Class 12 particulate count |evel, which is the
level that we found in the link cavity of the |ever
PCU.

We cycled at that level until we felt
confident that that wasn't causing any sort of problem
Then we introduced nore contam nant until we got to 50
times the level that was found in the accident PCU |ink

cavity. Again, we continued to cycle at that |evel
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W had a lot of difficulties with the test in that we
kept destroying punps. W actually had to put four
punps in the test.

MR PHI LLI PS: But were these aircraft
hydraulic punps or |ab punps?

THE W TNESS: They were aircraft punps, |
bel i eve. Some old punps fromthe 707

CHAI RVAN HALL: Excuse ne, M. dine, is that
test in the record of this hearing?

THE W TNESS: | think it's been introduced as
an exhibit, yes.

MR PHLLIPS: W don't have copies of it.
The testing was just, | believe, last week -- |ast
Friday finished up. W have sone video and sone photos
fromthe test, but the test results are not in the
record at this nonent.

CHAI RVAN HALL: How soon can we get the test
results, M. Phillips, and put themin the record? Can
we do it before this hearing adjourns at the end of
this week?

MR PHI LLI PS: Let nme throw that over to M.
dine.

THE W TNESS: Yes, we have several copies of

t he videos available, and we can make hard copies of
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the --

CHAI RVAN HALL: Everybody's worked real hard
but we need to be sure that we're sitting here talking
about sonething that's part of the public record.

Pl ease proceed.

THE W TNESS: Maybe | should just start now
by showi ng some of the photographs of the results of
that test. This probably isn't going to |ook --

CHAI RVAN HALL: Can you turn those lights
off, please? Thank you.

(Slide shown.)

THE W TNESS: This is actually a photograph

from the rudder PCU that was renoved from the flight

427 aircraft. The reason | showed this is this is a
picture of a link cavity. If you look in the upper
left, you kind of see that. | think you'd call it kind
of a caranel color. That's actually the fluid, and
you're kind of looking -- it's like looking into a bow

of fluid in this area right here.

You can see that it's kind of translucent and
clear and you can see into the bottom When we t ook
t hese phot ographs, what doesn't show up is in reality,
you could see some very -- you can see things sparkling

in there, and it doesn't show up on the photograph. If
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you know what you're |ooking for, there's one right
there, and there's others in there, but there's just
t hese very fine sparkles. That's the particul ate
contam nant that was in the link cavity accident valve
or accident rudder PCU

(Slide shown.)

THE W TNESS: The next slide shows -- this is
the same picture fromthe PCU that we perfornmed the
testing on. This view is alnbst the sane view you saw
bef ore. But now because there's so nuch contam nant in
there, you can't see to the bottom It's like Iooking
into a nuddy bow . You can't see the bottom of the
bow anynore.

Like | said, this is a contam nant |eve
that's 50 tinmes what was found in the accident rudder
PCU. You can see it kind of gummed up all over on
here. You can't really tell. It's just a slurry in
t here. Wien they used the g-tip to kind of nove it
around, it was like stirring up nud.

If we could show the next picture.

(Slide shown.)

THE W TNESS: This is a picture of the
primary slide renmoved fromthat test unit. These are

what we call the bal anced grooves. As you can see,
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they are all filled up with contam nant. \What that
really is is congloneration of a bunch of contam nants.
Wien you take very small particles |ike that under high
pressure, you can actually kind of make theminto a
congloneration that they kind of stick to thensel ves.

CHAI RVAN HALL: M. Cine, we had a question
up here as to what the conposition of the contam nant
I s?

THE W TNESS: Yes, | can provide that.

MR PHI LLI PS: I would also like to nake the
point here for the record, too, that this is not the
accident airplane part. This is a test specinen.

THE WTNESS: W obtained the contam nants
froma place called Fluid Technol ogies, Inc., which is
in Stillwater, lahona. Maybe | should just read what
we put in. W put in standard fine air cleaner test
dust that ranged fromfive to 80 m crons. W used sone
steel participles, some 43-40 that were ten mcron or
| ess. Sone al um num ni ckel bronze of ten mcron or
| ess. Some teflon particles and flakes that ranged
bet ween 50 and 100 microns. That's it.

That is kind of representative of the sane
type of particulates that we determned to be in the

accident PCU fluid sanple.
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CHAI RVAN HALL: Thank you.

THE W TNESS: If we can go to the next slide.

(Slide shown.)

THE W TNESS: This slide is really a pretty
dramatic slide of what happens when you put that nuch
particulate in hydraulic fluid and then accelerate it
t hrough a control val ve. Yesterday an exhibit was
shown that will help clarify what we're |ooking at.

Let me | ook up what exhibit that was.

If we could put up Exhibit 9-S, page 12.

(Slide shown.)

CHAl RVAN HALL: Geg, Was this a systens
group test or is this part of Boeing' s work?

MR PHI LLI PS: This was a follow on fromthe
systens group. It wasn't directed by the systens
group. It was an additional phase. The chip shear
test was done under the direction of the systens group
due to the scheduling of the hearing and work going on
with that. This was work that was conducted by Boeing,
not in the presence of the systens group, but with the
know edge and approval of the group.

I"'mtold that the series of -- this wll
appear as 9-AF-2. You may not have a copy of that yet,

but it will be under that cover nunber. | believe what
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he's showing there is 9-S exhibit.

THE W TNESS: Yes, this is 9-S, page 12.

What this shows is a cross-section of a generic contro
val ve. But the reason | put this one up here is to
show -- this shows a really good -- | don't think it
was intentionally done to show it.

However, if you were to push fluid fromthis
area to this area, you would kind of get the fluid
traveling like that arrow and it accelerates quite
rapi dly depending on the pressure differential across
this area. The fluids would actually hit the root
di aneter of the slide and then deflect back up and go
to wherever the control passage takes it.

So the thing to keep in mnd is this edge
here and this root dianeter. Then if we could put the
pi cture back up

(Slide shown.)

THE WTNESS: Wat happens during our
particulate test was as the fluid went by the edge --
we'll use this picture as an exanple -- it kind of wore
out part of the edge. Then as it was deflected down to
hit the root dianeter of the slide, it created these
huge divots. These are kind of |ike a pocket that's

actually worn away inside the root dianeter of the
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sli de. That's fromthis fluid with particul ate. It's
almost like a slurry just inpinging on that root
dianeter and sinply wearing it away.

Again, this is at a level that's nuch greater
than was found in the accident rudder PCU. But it's
inmportant to note that the slides on the accident PCU
didn't show any sort of these characteristics at all.
This is exaggerated to quite a level, but we didn't see
even the beginnings of this on the accident valve.

BY MR PHI LLI PS:

MR PHI LLI PS: So then the purpose of this
test was to define a contam nated condition? Wat the
effects of the contam nation would be on the valve?

THE WTNESS: Yes, and also to confirmthe
operation of the dual servo in high particulate |eve
cont am nat i on. What | haven't nentioned yet is that we
al ways nmonitor input to the PCU and output of the PCU
And at all times during this test, although the input
force tended to creep up sinply because of all the
bearings and everything being clogged up with this
particulate, the PCU output always agreed with the
input, which tells us that the control valves always
operated as it tended.

MR PHI LLI PS: Had any testing like this ever
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been perfornmed by Boeing or Parker, to the best of your
know edge?

THE W TNESS: Yes, testing |ike that has been

perforned nmany, nany years ago. Unfortunately, at

least in the Boeing, | wasn't able to find any specific
docunent ati on. That's kind of why we -- and it wasn't
performed on this particular unit in the past. It was

perfornmed on simlar units. That's one of the reasons
I think everybody elected to performthis again was
because we didn't have this unit.

MR PH LLIPS: As a result of this testing,
have you found any changes that you would nmake to the
design of the PCU?

THE WTNESS: No, we haven't.

MR PHI LLI PS: I would like to ask that in
reference to the chip shear testing al so?

THE W TNESS: You' re asking if there's any
changes being nmade to the PCU as a result of the chip
shear testing?

MR PHI LLI PS: That's correct.

THE WTNESS: No, that test really showed
that the PCU and the val ve perforned as intended.

MR, PHILLIPS: I would like to go back a

little bit now back to our discussion on jans and the
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testing that was done on the USAir 427 PCU. Coul d you
briefly describe the testing done for residual pressure
differential ?

CHAI RVAN HALL: Excuse ne. Is that the end
of the slides for a while?

MR, PHI LLI PS: Yes, it is

CHAI RVAN HALL: Let's put the lights back up,
pl ease.

(Pause.)

THE WTNESS: Wat was done by the systens
group with the dual concentric valve concerning
residual pressures was to sinulate various jam
positions of the primary and secondary slides and
determ ne exactly what residual pressure that would
give us for this particular unit.

There were four conditions that were
si mul at ed. Each of the two slides jamred in each of
the two extrene positions, for a total of four.

In exhibit 9 -- I'"msorry. Exhi bit 9-AH,
page 2.

(Slide shown.)

THE W TNESS: These are the results of the
residual pressure test that we did on the accident

servo val ve. Like | said, on the left colum are the
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four conditions we sinulated. Let's just look at the
first one as an exanpl e.

If we were to produce a full rate conmmand of
the rudder PCU for any reason at all and then jam the
secondary at that position, the summng |oop of the PCU
would then try to use the secondary -- I'msorry -- the
primary to negate the jammed position of the secondary.

If it was a perfect world, it would negate it
exactly. W woul d have what we would call zero
resi dual pressure. It's not a perfect world, and we
have manufacturing tol erances and everything is not
built exactly |like the previous one. So in this case,
we end up with a twelve and a half percent residua
l eft rudder.

So if we started with a left rudder conmmand,
we jamred the secondary. The primary can't quite
exactly take it to zero, and it leaves us with a twelve
and a half percent residual pressure.

What that nmeans is that at any given air
speed, the rudder will be at twelve and a half percent
of its blowdown hinge nonment if we net this condition

BY MR PHI LLI PS:

MR PHI LLI PS: These were tests done on the

acci dent airplane's conponents?
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THE W TNESS: Yes, these were tests done on
t he acci dent airplane conponents.

MR PH LLIPS: \Wen were the tests done?

THE W TNESS: That again was either the first
or second weekend of January in 1995.

MR PH LLIPS: Wat would be in this table or
in this slide, what would be the worst condition as far
as the airplane would be concerned in controllability?

THE W TNESS: The worst condition is the one
| just described, the twelve and a half percent. Thi s
woul d be a case of the pilot commanded the |eft rudder
and he conmmanded it very rapidly and when he did that,

t he secondary | anmed. Now the primary is trying to
null it out.

If the pilot just takes his feet off the
pedals, at that point in time and lets everything go to
neutral, the rudder won't conme all the way back to
neutral . It will remain at twelve and a half percent
of its deflection at that air speed. That is the worst
case. You can see that on the next one down we're only
going to get eight and a half percent.

The last two cases, the nunbers | ook bigger,
but you really have to | ook at the sign of the nunbers.

These are simulating the sane scenario, except the
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primary jam In other words, we have a full rate
command. W jamthe primary. And now the secondary is
trying to negate the primary. Not only can the
secondary negate the primary, but it can still provide
residual control over the rudder.

So if we look at the bottom condition, if we
have a right rudder command, a full right rudder
command, it would jamthe primary and we would try to
negate it with the secondary. In the left rudder
direction, the secondary -- or in the |left rudder
direction, the PCU would be able to provide 50 percent
hi nge nonent in the direction intended. In the right
rudder direction, it would be normal control.

So it's just a case of reduced control in one
direction and absolutely normal control in the other
direction for that situation.

MR, PHILLI PS: So this data says that in the
worst condition, the pilot with this valve would have
had approximately one eighth of residual |eft rudder
available to him 12 percent?

THE W TNESS: Yes.

MR, PHILLI PS: Twel ve and a half percent?

THE W TNESS: Yes, 12 percent of rudder.

MR PH LLIPS: Wuld this vary from valve to
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val ve?

THE W TNESS: Yes, it varies fromvalve to
val ve. That's why we tested this specific valve.

MR PHI LLI PS: Has this test ever been
conduct ed before?

THE W TNESS: Yes, it has

MR, PHILLI PS: Is it a part of a routine test
for the valves as they're manufactured?

THE W TNESS: On sonme valves, it is. On this
particular valve, it's not part of the routine tests at
this point in tinme.

MR, PHI LLI PS: Should it be?

THE W TNESS: I can't answer that w thout
knowi ng what the -- there's currently an analysis being
perfornmed to figure out what the worst case could be,
giving the worst case tol erances. That's al
anal ytical because we can't build one at worst case,
just like you can't build one perfect.

Wt hout knowi ng what the worst case is and
wi t hout knowi ng from an airplane standpoint what Kkind
of requirenent it would be, | can't answer whether
that's sonmething that should be a test or not.

MR, PHILLI PS: | guess the point that I'm

making is that if you have a test nethod available to
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show you conditions that may cause you to be able to
null the rudder out or not, it seenms to ne that that
would be a valid test in production of the valve.

THE W TNESS: It may be a valid test, but a
test without requirenments is not valid at all. Unt i
have the requirenents, which conme from the airplane's
performance, what would we test to? You're just doing
a test to do a test at that point.

CHAI RVAN HALL: Wsat do you need to build a
test? Requirenments?

THE WTNESS: Well, for any test you need a
set of requirenents to either say that the unit passes
or it doesn't pass. Utimately, those requirenents
woul d cone from the airplane perfornmance.

CHAI RVAN HALL: How | ong has the plane been
perform ng?

THE WTNESS: Al nost 30 years.

BY MR PHI LLIPS:

MR PH LLIPS: Are you aware of any other
tests that have been conducted by Boeing, by Parker or
in the course of the NISB investigation of either the
Col orado Springs or USAir 427 accidents that would
better describe to us the function and performance of

this rudder package?
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THE W TNESS: | guess I'ma little bit
confused with what you're asking.

MR, PHILLI PS: It's along question. Have
there been other tests done by anyone to detect failure
conditions of this package that we haven't discussed?

THE W TNESS: Not that |'m aware of. W' ve
spent three nonths testing and thinking about this
package and | think we've covered everything known to
this date.

MR, PHILLI PS: Do you know of any plans to do
additional testing following this hearing concerning
t hi s package?

THE W TNESS: I don't know of any current
pl ans for additional testing. The one thing that we
didn't test that we didn't think was necessary at one
point in tine was the bypass valve, bleed orifice flow
That's a very sinple test. W nornmally do it and for
sone reason, | think for efficiency and tine, we
decided that that wasn't an inportant test at the tine
we were testing the rudder PCU

MR, PHILLI PS: In your position as the
engi neer responsible for the operation and function of
this package, are you satisfied that everything has

been done that's possible to determ ne whether this
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rudder PCU package effected the flight of USA r 427?

THE W TNESS: Yes, |'m satisfied. | have
cone to the conclusion that this rudder PCU on this
aircraft did what the rudder control systemtold it to
do.

MR, PHILLI PS: I"ve got no further questions,
unl ess you would like to add sonmething that 1|'ve
om tted.

THE W TNESS: | don't think I have anything
to add at this tine.

MR PHI LLI PS; No further questions from ne
at this tine.

CHAI RVAN HALL: The command system you're
saying, was what you thought caused the novenent of the

rudder on the accident flight?

THE WTNESS: No, | didn't make any
conclusions as to what | thought caused the novenent of
t he rudder. | just sinply said that the rudder PCU

based on the testing we've done, did what the control
systemtold it to do. I have no idea what the control
systemtold it to do.

CHAI RVAN HALL: Do the parties have any
guestions for this witness? | see one hand, two hands.

| see a third hand. W will then go back to M. Wirze
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with the Machinists for his questions of this wtness.

MR WJRZEL: Good norning, M. dine.

THE W TNESS: Good norni ng.

MR WJURZEL: Do you know how many hours from
over haul or equi pmrent manufacturer the United Airlines
July "92 unit had on it?

THE W TNESS: I"m not sure what unit you're
specifically tal king about.

MR WURZEL: Wen you nentioned the Col orado
Springs unit or the unit was tested other than the
Col orado Springs unit, | should say, the first one had
j amred how many hours did it have on it?

THE WTNESS: Well, there wasn't any val ves
that jammed that we tested. | don't know how many
hours were on that.

MR WJURZEL: | believe it was the summ ng
| evers had a nmanufacturing defect.

THE W TNESS: | don't know how many hours
were on that unit.

CHAI RVAN HALL: Your question is how many
hours of the rudder PCU you had on it or specifically--

MR WURZEL: That's correct.

CHAI RVAN HALL: -- the Mack More unit on the

Col orado Springs flight?
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MR WURZEL: No, the wuni.t in | bel ieve it was
Chi cago.

CHAI RVAN HALL: On, Chicago, okay.

THE W TNESS: | don't know how many hours
that unit had on it.

MR WJURZEL: Thank you. Was the flight 427
mai n power control unit damaged in any way from the
accident and would you describe it?

THE W TNESS: It was damaged. The main
pi ston was bent. When the main piston bent, it took
the external sunmng lever and the Hlink with it.

MR, WURZEL.: Have either chip shear or
contam nation tests been acconplished on the secondary
slides in any servos?

THE WTNESS: No, we didn't performa chip
shear test on the secondary slide, because the systens
group concluded that there would be no difference in
shearing performng between the primary and secondary
or the secondary and the body. Wth the particul ate
testing, because we tested an entire rudder PCU, yes,
the secondary was tested al so.

MR WJURZEL: You stated that nodification to
the power control unit or the AD would preclude any

problens with uncomranded rudder nobvenent. Are you
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aware if the Continental 1737 had a nodified rudder
power control unit?

THE W TNESS: I don't know whether that was
nodi fied or not.

MR WURZEL: \What is used as redundancy in
case of jamming of the internal or external |inkages of
the power control unit?

THE W TNESS: I"m not quite sure | understand
t he question.

MR WJRZEL: The summ ng levers, if they
jamred either internal or external, what would be the
back up systenf

THE W TNESS: I"m not sure exactly what
you' re specifically tal king about janm ng. But it is a
dual load path system fromthe torque tube all the way
into the dual concentric servo val ve. That provides
redundancy t here.

MR WURZEL: Whuld the standby be avail able
to work in that node?

THE W TNESS: You' re asking if the accident
or if the standby rudder PCU from the accident was
avail able to operate?

MR WJURZEL: NO. In any unit would a standby

be able to work in that condition?
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THE W TNESS: | don't understand the
questi on. I"m sorry.

MR WJRZEL: Al we're asking if what's
available to return the rudder to neutral, if that
condi ti on happens?

THE W TNESS: If what condition happens?

MR WURZEL: If the summ ng lever is jamed
or failed? |If they broke, it would probably go into a
neutral condition, but if they jamed --

THE WTNESS: Well, anything that jans or
breaks the feedback |oop of the PCU causes an open | oop
condi tion. Any tinme you have an open | oop condition
you no |onger have position control of the rudder PCU

MR WJURZEL: Thank you. That's all the
guestions | have.

CHAI RVAN  HALL: The Airlines Pilot
Associ ati on. Capt ai n?

CAPTAI N LeGROW Thank you, M. Chairman.
Good norning, M. dine. I have just a few questions.
You testified earlier on a United Flight where a PCU
was renoved. | believe it was in Chicago during a
flight control test. You said that it found that the
flow could be in the opposite direction. I's that true?

THE WTNESS: No, | didn't say that the flow

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



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

642
could be in the opposite direction. | said that that's
when we discovered the generic problem of the flow
could be in the opposite direction. On that particul ar
unit, the flowdid not -- I'msorry. On that
particular unit, yes, the flow could reverse.

CAPTAI N LeGROW Thank you. Wuld the result
be the rudder novenent in the opposite direction in
which the crew would expect in that case?

THE W TNESS: If you neant all the conditions
necessary to get the secondary and over stroke, yes.

CAPTAI N LeGROW Thank you. Is it Boeing' s
practice for the flight crew to check the controls for
anything other than freedom of novenent?

THE WTNESS: No, it is not. Not that |I'm
aware of anyway.

CAPTAI N LeGROW So then the only guidance
that Boeing gives to flight crews is just to check the
controls for freedom of novenent. Is that correct?

THE W TNESS: That's correct.

CAPTAI N LeGROW If this check is not done at
a rapid rate, could there be a potential of over
st roke?

THE W TNESS: If it's not done at a rapid

rate, but the full freedom of novenent is checked, it

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



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

643
acconplishes identical results.

CAPTAI N LeGROW But Boeing doesn't give any
gui dance to what rate to check the controls. I's that
correct?

THE W TNESS: That's correct. But what | was
saying was rate is independent of full freedom of
novenent . If a pilot acconplishes a full freedom of
novenent check, he is essentially commanding a full
rate to the rudder PCU sinply by bottom ng the pedals.
It's the same thing.

CAPTAI N LeGROW So what you're saying is the
rate of rudder input doesn't matter? You're stil
going to check both the primary and the secondary
slides?

THE WTNESS: As long as you go to full
freedom of novenent you will, yes.

CAPTAIN LeGRON  What is the maxi num -- we
tal ked about chip shear earlier on the 737 servo val ve.
What is the maxi num force avail abl e?

THE WTNESS: Are you talking in general or
on a specific unit?

CAPTAIN LeGRON  What is the specifications?
What is the maxi nunf

THE W TNESS: The maximumis -- | don't have
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the test data sheet with ne, but it's in the
nei ghbor hood of 95 pounds.
CAPTAI N LeGROW How woul d this conpare with
ot her servo val ves?

THE W TNESS: How woul d this conpare with

what ?
CAPTAIN LeGRON  Wth other servo valves?
THE W TNESS: The chip shearing function
really isn't a -- the chip shearing force isn't a
function of the servo val ve. It's a function of the

conponent it's installed wthin.

CAPTAIN LeGRON  What was it in the accident
airplane? What was the nmaximum in the accident
ai rpl ane?

THE W TNESS: In the accident airplane, in
one direction it was | think 44 pounds. In the other
direction, 48 pounds.

CAPTAI N LeGROW How woul d this conpare with
ot her val ves?

THE W TNESS: If you conpare it with other
conponents, it's sonmewhat | ower.

CAPTAI N LeGROW How nmuch | ower would it be?

THE W TNESS: It all depends on what

conponent you conpare it against.
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CAPTAIN LeGRON  Wuld it be the | owest?

THE W TNESS: | don't know. | haven't done
the study of every conponent we have.

CAPTAIN LeGRON  You said that no one you
have ever talked to has ever seen a dual jamuntil the
United incident that you tal ked about earlier. I's that
correct?

THE W TNESS: I didn't tal k about any dual
jamon a United incident earlier.

CAPTAI N LeGROW I must have m sunder st ood
you. During the acceptance test that was done on the
427 accident servo valve, you said it failed test five.
Could you tell us why you bother to have test five if

it doesn't nmatter if it fails?

THE WTNESS: Well, it does matter if it
fails test five. | just said in the manner that it
failed test five, it was really -- on the airplane, it
woul d be conpl etely undetectabl e. It just sinply

pi cked up the secondary slightly early. That's in the
order of two-thousandths.

CAPTAI N LeGROW | believe what you said is
that it wouldn't have any effect on the PCU s
operati on.

THE W TNESS: That's true. It doesn't have
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any effect on the PCU s operation.

CAPTAIN LeGRON  Could you explain exactly
what that test five is? |'munclear why you have a
test. If it fails the test, it's still released to go
back on an airpl ane?

THE W TNESS: It can't go back on an airplane
if it fails a test. It has to be reworked until it
passes the test. | just sinply stated that as this PCU
was when it canme off the airplane, it didn't pass the
test. But in the manner that it failed the test, you
woul d have never been able to detect that failure on
the airplane. It would have caused nothing on the
ai rpl ane.

CAPTAI N LeGROW Thank you. | have no
further questions.

CHAI RVAN HALL: Thank you. M. MGew,

Boei ng.

MR MGEW Yes, M. Chairman. First of
all, we would like to apol ogize for not having been --
we would like to apologize for not having sone of these
data to you before earlier in this.

As | think you're well aware, we have been
working a great nunber of hours preparing for the

hearing. A nunber of these people have been running
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the tests sinultaneously. So, frankly, it has been an
out standing effort.

CHAI RVAN HALL: | appreciate that comment and
all the hard work. My only interest is being sure. If
we' re discussing anything here, that it's part of our
record.

MR MGEW W wll give you before the end
of the week. a summary report of this last test, the

contam nation test, as well as the data that we have of

cour se.

CHAI RVAN HALL: Thank you very rmnuch

MR MGREW W have a few questions for M.
dine. Per haps nore than a few

First of all, M. dine, are you aware of any
incidents in the 737 fleet of a dual servo jam of one
of our servos?

THE W TNESS: I am not aware of any at all.

MR MGREW Perhaps a nore difficult
questi on. Can you tell us through the testing
procedure and the analysis procedure that you' ve been
t hrough, of those events where the NTSB or nenbers of
the parties were not involved in it, is there anything
that we did independent of them and please feel free to

answer everything you know? For exam nation, the
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contam nation test was not done with anybody from the
NTSB at the facility.

THE W TNESS: Yes, it was -- |'mnot sure
what you're asking, but we're always as engineers
trying to figure out what happened. So on their own,
we mght sit dowmn at a CATIA termnal and do an
anal ysis on our own or go to the lab and | ook at
conponents on our own or we're always trying to -- |
mean, this bothers nme as nuch as it bothers anybody
el se.

I'"ve spent many a nights awake trying to
figure out what happened. There's sonme things that
I"ve | ooked at without the NTSB present. Some t hi ngs
I'"ve analyzed on ny own and really cone to dead ends.
So it's sonething that | didn't nmake a point of
explaining nmy wasted efforts so to speak.

VR M GREW But in the area of handling
conponents and di sassenbling them and noving them and
transporting them and that sort of thing, has there
been any of that?

THE WTNESS: No, we weren't -- we have not
done anything to the conponents w thout the NISB and
nost of all the tine, the systens group was al ways

present.
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MR MGEW Alittle switch now. In the
chip shear test, which we carried out with sone
trepidation, was that a representative test in terns of
what actually got in through the ports into the valve
itself? In other words, could those particles actually
flow through and achi eve those positions?

THE W TNESS: Sone of the particles we put in
were too large to physically get to the netering
orifice on their own. During the test, we had sone
speci al machine parts where we EDM access to the
nmetering ports so that we could get the chips in there.
So we were putting much larger chips in than were
somewhat realistic, yes, in some cases.

MR MGREW Are you confident now that
anything that conceivably could actually jam one of
these valves, would |leave a mark on an indication that
would tell us that a jam indeed, had occurred?

THE W TNESS: Yes, |I'mconfident it mght.

MR MGREW On the contam nation test, which
was run independent of the NTSB but with their
know edge, how many cycles did we run the servo through
in that test?

THE W TNESS: It was a total of 30 hours of

testing, which doesn't seemlike a lot, but it was
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wrought with problens because we had a hard tine making
the other conponents in the tests, such as the punps
stand up to the testing. W replaced many punps. |
think we acconplish sonething just over 5,000 cycles,
if ny nunbers are right.

MR MGREW \Wat are the levels of
filtration used in the hydraulic systemtoday in the
basi ¢ systenf

THE W TNESS: In the hydraulic system the
pressure filters at the punp are 15 micron absol ute.
When we get to the PCU, they are at 25 mcron absol ute,
ten micron nomnal. Wat that neans is that the
absolute rating neans that any particle of any single
di mension of 25 mcrons or greater will not pass
through the filter.

The nom nal rating says that 90 percent of --
1 can't renenber if it's 90 or 98 percent of all
particles with a single dinmension of ten mcrons or
greater will not pass through the filter.

MR M GREW How about in the unit itself?

THE W TNESS: Those are filters -- the |ast
filters I spoke of were the filters in the rudder PCU.
There was a total of three filters; two pressures in

the filters and one yaw danper filter.
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MR MGREW  You did not deal in any of your
presentation or discussion with the standby actuator.
Is there any comments that you would like to make with
respect to that unit?

THE W TNESS: Yeah. | didn't nake any
coments about it, but we did test the standby actuator
fromthe accident aircraft. W tested it to the

supplier's conponent naintenance nanual

If I recall that unit passed all tests except
for one, which was a -- | believe it was an interna
fluid | eakage test. One of those tests it did pass was
a force test on the input lever. W have a half a
pound limt for the input force on that |ever. It met
t hat requirenent. | can't seemto find -- here they

are.

W neasured .2 pounds and .32 pounds
dependi ng on which direction we noved the |ever.

MR McGREW A couple of |ast questions. The
United PCU with the m snmachine summ ng |evers, those
problens were not in any way found on either the USA r
or the Colorado Springs units. Is that correct?

THE W TNESS: That's correct. W used a
baroscope to verify that we were getting ful

engagenent of the external servo stops and verified
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that the dinensions and the nunbers were correct in
bot h cases. In the case of the Col orado Springs,
because that PCU was burned up pretty bad, we didn't
actually use a baroscope while the unit was together to
verify that. W used witness marks the unit created
when it wears. When it contacts, it creates the wear
mar ks. W could see that it had full engagenent.

MR MGREW Finally, a summary question. In
terns of jans on the USAir unit, there was absolutely
no evidence of any primary or secondary or residual
pressure difficulties?

THE WTNESS: That's correct. There was
absolutely no evidence of either slide being janmed.

MR MGREW Finally, the yaw danper was, in
deed, limted to the plus or mnus three degrees from
the unit itself?

THE W TNESS: Yes, that yaw danper was, in
deed, l|imted to plus or mnus three degrees, verified
by test.

MR MGREW  Thank you, M. dine.

M. Chairman, that concludes our questions.

CHAI RVAN HALL: Thank you very nmuch. Let ne

respond briefly, because | think it's an appropriate

pl ace to do so. M. dine, | appreciate very nuch your
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two hours of testinony. That's the good news. The bad
news is there's a lot nmore questions for you. [ want
to take a short break, but |I do want to comment here as
a follow up your coment of M. MGew s conment, and
just be sure that M. Phillips has the record straight
on this

There has been a lot of work independently by
the parties, which we appreciate very nuch. Everyone's
concerned about this accident and trying to determ ne
t he cause of this accident. In addition, | have read
hundreds of of letters that have cone in to the safety
board from concerned citizens, pilots, engineers,
passengers, all with their own thoughts about this
acci dent .

However, we are in a fact-finding process
here, and when we talk about a test, there is
procedures for independent verification of tests. |
want to put everything on the record, but we need to be
clear those tests that the NISB has independently
verified through the party process and other

information which is certainly nmaybe pertinent to this

hearing, but needs to -- that just needs to be
identified as we go through this. I think we have in
the past and will continue to do so.
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Wth that, we will take a break until 10:45
and continue with this wtness.

(Wher eupon, a recess was taken.)

CHAI RVAN HALL: On the record. Let's get
everyone back to their seats. W wll get started here
nonent arily. W will be back in session. I was
i nformed that Monsanto had their hand up and the
Chairman was oblivious to it. Is that correct? Dd
you-all have some questions for this wtness?

MR JAKSE: Yes, M. Chairnman. Thank you.

CHAI RVAN HALL: | apol ogi ze. M. dine,
Monsanto has sonme questions for you. M. Jakse, go
ri ght ahead, pl ease.

MR JAKSE: M. dine, on the rudder PCU from
flight 427, were the filters in place?

THE W TNESS: Yes, they were.

MR JAKSE: During your contam nation testing
on the rudder PCU, would filters have renoved particles
inthis test?

THE W TNESS: If we would have left themin,

t hey would have, yes. W renoved those filters for
this test, which | should point out is sonmewhat
unrealistic for an airplane in-service type case.

MR JAKSE: One final question. Based upon
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your contam nation testing, did you conclude that the
hydraulic fluid did not cause any janm ng of the power
control wunit or the rudder on flight 42772

THE W TNESS: Yes, that's a concl usion. The
| evel of contam nation that we found in the link cavity
of flight 427 was roughly class 12. W ran class 12 in
our test for approximately ten hours, and that was wth
the filters renoved, and that test performed perfectly
fine. From that we conclude that |evel of
contam nation is not a problem

MR JAKSE Thank you.

CHAI RVMAN HALL: Any nore questions from the
parties?

(No response.)

CHAI RVAN HALL: [f not, M. Marx.

MR MARX: I would just like to clarify the
position of the strokes on the primary and the
secondary and the internal residual stroke that occurs.
Was the primary to the secondary a stroke of
approximately forty-five thousandth?

THE W TNESS: Yes, it is.

MR MARX: The picking up of the secondary
then would be another forty-five thousandth stroke if

we went at full rate?
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THE WTNESS: Another forty-five thousandth
of effective stroke, yes.

MR MARX: What is this residual, eighteen
t housandth that you' re speaking of?

THE W TNESS: That's not a residual stroke.
That's just a non-effective stroke.

MR MARX: What do you nean by that?

THE W TNESS: It's a stroke where we're not
opening any additional area of the netering orifice.
So we don't increase the rate of the PCU at all. [t's
just sinply a non-effective stroke.

MR MARX: Well, can it nmove -- can that
secondary nove another eighteen thousandth?

THE W TNESS: Yes, it can. The secondary
noves a total of sixty-three thousandth.

MR MARX: Si xty-three thousandth. Wuld it
hit the internal stops when it does that?

THE WTNESS: At sixty-three thousandth, it
woul d be hitting the external stops.

MR MARX: Ext ernal stops.

THE WTNESS: And it would have to nove
farther to hit the internal stops.

MR MARX: How nuch farther would it have to

nove on the accident servo to hit the internal stop?

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



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

657

THE W TNESS: | can't renenber that nunber
off the top of ny head, and | don't think | have
anything here to | ook that up.

MR MARX: Can you give nme a ballpark figure?

THE W TNESS: Bal I park it would be sonewhere
between -- | think if | said between five and twenty
t housandth, | would cover it.

MR MARX: Five to twenty thousandth, okay.

Now you were also testifying about the so-called United

fault on the servo. I think that's what was your
term nology for it. | think this was al so have been
classified as a Mack Moore unit. Is that correct?

THE W TNESS: Yes. That's correct.

MR MARX: On that particular unit, it was
reported through your analysis at Parker, that this
could have occurred as a result of an over stroke. Is
that correct?

THE W TNESS: Over stroke of the secondary
slide, yes.

MR MARX: Secondary slide within the stroke
to what position to produce that reversal?

THE WTNESS: Well, it would have been
stroking some position beyond the external stop and |

don't remenber what that nunber was. That was on the
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order of a few thousandths on that particul ar one.

MR MARX: Wiat is the Iimting factor then?
Is that the internal stop?

THE W TNESS: The ultimate leveling factor or
the secondary stroke is the internal stop, yes.

MR MARX: To keep this thing from happening
again, what was the fix for or the nodification to the
servo that is done to nmake sure that it doesn't over
stroke agai n?

THE WTNESS: W nodified the tol erances of
the pieces to relocate that internal stop to a position
closer to the external stop.

MR MARX: You don't happen to know what that
is, but you think it's between five and twenty
t housandt hs, roughly?

THE W TNESS: | don't know what that is
exactly, and between five and twenty thousands | quoted
you was for the accident valve.

MR MARX: For the accident valve?

THE WTNESS: No, for new design -- for the
currently produced val ves. It's not going to be the
sanme nunber. I don't know what that is off the top of

ny head.

MR MARX: On the United aircraft fault
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servo, what was the over stroke? Do you happen to know
what that was?

THE W TNESS: | don't know.

MR MARX: You also testified that this over
stroke that occurred on United fault servo, was a
result of msmachining of the chanfer or an interna
j am Is that correct?

THE W TNESS: | testified that it was a
result of the m smachining of the external summ ng
| ever, yes.

MR MARX: Well, is it possible to get an
internal jam between a primary and a secondary that
woul d produce an over stroke?

THE W TNESS: Yes, that's possible.

MR MARX: During your exam nation of that
particular unit, how did you determine that it was not
a jam between the primary and secondary?

THE W TNESS: Can you tell ne which unit
we' re tal king about again?

MR MARX: This is the United aircraft fault
Mack Mobore unit.

THE WTNESS: And the question, |'m sorry?

MR MARX: | understand that this over stroke

-- this is the stroke in which the secondary noves
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relative to the housing and goes as far as -- | nean
if you can over stroke its normal position, then it can
occur from prior testinony from a jam between the
primary and the secondary.

THE W TNESS: That is true, yes.

MR MARX: Now you al so indicated and |
believe you have a statenent that this over stroke can
occur as a result of an internal jam or a m smachi ne
chanfer. | think that you ultimately determ ned it was
a chanfer. Is that correct?

THE W TNESS: On the particular unit you're
tal king about that was the cause, yes.

MR MARX: Well, how did you determ ne that?

THE WTNESS: W did that with -- we actually
set the unit up where we didn't have it -- | take that
back. We did have it hydraulicly pressurized, just not
to a full 3,000 psi. W had the cover plate renoved so
we could put a baroscope in and see the interaction
bet ween the secondary sunmmng |lever, the secondary
slide and the servo external stops.

W wi t nessed. I think we actually recorded
the secondary, hitting the external stop, and then
witing up on the chanfer and then the PCU reversing.

MR MARX: Coul d you absolutely rule out the
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possibility that the primary jammed to the secondary
that could produce the over stroke?

THE WTNESS: W're still talking on the Mick
Moore unit?

MR MARX: On the Mack Moore unit; that's
correct.

THE WTNESS: W |ooked at that unit --

MR MARX: | understand that this was an
intermttent problem

THE W TNESS: correct.

MR MARX: A problemthat didn't occur. And
from your testinony, you also indicated that during
ori ginal manufacturer, during the overhaul, this would
be tested for that type of an over travel. I's that
correct?

THE W TNESS: That's correct.

MR MARX: It didn't occur apparently on the
-- it would have been found under origina
manufacturer, would it not, if it occurred?

THE W TNESS: That's the nature of an
intermttent problem You don't necessarily find it
every tine. If | happen to test it on the tine that it
doesn't happen, |'mnot going to find it.

MR MARX: VWll, back to the situation where
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if it didn't happen during original manufacturer or at
sone overhaul tine, how do you know that it was the
chanfer that produced this problem and not a jam
between the primary and the secondary?

THE WTNESS: Al | can say in response to
that is we were able to duplicate the type of response
the pilot wote up, that the United nechanics w tnessed
on their test bench, and that we wtnessed on the
Parker test bench, and we duplicated that by in sone
cases helping the secondary sunmng |lever mss its stop
and in sone cases just doing it until it did it onits
own.

There was no reason for us to think that
t here was ot her causes. But | can't say during the
exam nation before, we knew what the cause was. W
exam ned the primary and secondary slides.

Qur level of education on the primary and
secondary slides today is nmuch greater than it was back
t hen. So | can't say that we used the same scrutiny we
woul d have today, but there was no reason to think that
there was a jamon that particular unit.

MR MARX: Let's assunme that there would have
been a jam between the primary and secondary slide.

This would be on the Mack Mbore unit. VWhat woul d be
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the shear forces, the shear |oad? Wat is actually
producing the shear load if you're trying to drive that
primary, retract it into the servo, try to push it into
the servo? Wat would be reacting against that?

THE WTNESS: Well, what actually produces
the shear load is the main piece of your piston. That
has an extremely high output force. But what
ultimately defines the shear load is the wal king beam
break out force just prior to contacting the manifold's
box.

So the piston generates the force which is
very high in the walking beamlimt that force, which
gives us our chip shearing force.

MR MARX: I want to get into specifics where
we're talking about the primary noving into the servo.
As the primary noves into the servo and sonething jans
bet ween the secondary now, which the secondary wants to
nove with the primary, what is the shearing forces that
are reacting? Wuld that be a spring in the back
portion that wants to push the secondary out of the
servo?

THE WTNESS: No, it's the feedback |oop that
wants to bring the secondary out of the servo.

MR MARX: I"monly going in the nonent of
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time where we are pushing the primary in its process of
bei ng pushed into the servo. Let's go back and ask.
There are sone springs that are internal, is there not,
in the servo?

THE W TNESS: Yes, there's some secondary
detent springs, and there's a primary bias spring al so.

MR MARX: So there's a primary bias and a
secondary detent. What is the function of the
secondary spring?

THE W TNESS: The secondary detent spring is
because there is relative notion between the primry
and the secondary. There needs to be something to hold
t he secondary in place. The primary has the primary
sunmng | ever valve. W pulled it in its place. The
secondary, because of that relative notion, it needs
the caging springs to hold it in its neutral position

MR MARX: What would the spring force be for
t hat secondary?

THE W TNESS: Those caging springs are set |
t hi nk between ten and 12 pounds.

MR MARX: Ten and 12 pounds. So if we were
pushing the primary into the servo and there happens to
be sonething stuck between the primary and the

secondary, the reaction wuld be fromthe spring roll,
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would it not, of ten to 12 pounds that would try to
shear whatever it is that's stuck between the two? |I'm
trying to get the secondary to an over travel position
only

THE W TNESS: If I janmred the primary before
| start to nove it, that jamonly has to overcone the
secondary detent springs until the secondary contacts
the internal stops.

MR MARX: That's correct.

THE W TNESS: Now | have to overcone the
wal ki ng beam break out. So depending on where you are
at the stroke --

MR MARX: I"mtal king about the very first
part of the stroke and where we're trying to get it
into an over travel ed position?

THE W TNESS: That woul d be the secondary
detent spring force then.

MR MARX: So on the United fault Mack Moore
unit, all we needed to do was to get it into an over
travel position and it would reverse. Is that correct?

THE W TNESS: That's correct. Yes.

MR MARX: So if you had a particle of sone
sort, it was between the primary and the secondary, and

it would only react with a shear force of ten to 12
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pounds to get it into the over traveled position?

THE W TNESS: That's correct.

MR MARX: Wuld that be a far less |oad than
what is normally on that unit for shear forcing, such
as -- you said it was between 40 and 50 pounds. |
t hi nk 48 pounds?

THE W TNESS: Yes. I would like to continue
with that, though, in the fact that as soon as the
primary causes the secondary to contact the interna
stops, the shear force goes way up.

MR MARX: Goes way up?

THE W TNESS: Yes.

MR MARX: | understand that. However, in
the case of the United fault, this would have reversed
the ram Is that correct?

THE W TNESS: In the case of United, if the
reversal was caused by the jam of the primary to the
secondary, initially the primary would have started
driving the secondary into the over stroking region.
The PCU woul d have then started to reverse. The
sunmm ng | oop would have caused it to drive the primary
only harder into the secondary until we net the naxi mum
chi p shear force.

MR MARX: Now we've had a |ot of testinony
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previously that had to do with rudder rigs. The rudder
ri gs have varied, depending on who was testifying. |
think that the rudder rigs went all the way from 2.5
degrees per second up to approximately 7.5 degrees to 8
degrees per second.

Coul d you show us through sone of your
exhibits that you had before at what position the
primary would have to be in to produce those rudder
rigs?

THE W TNESS: | don't know if | really had a
good exhibit to show a position of the primary slide
but to produce a rate as low as 2 degrees a second,
you're tal king about a very, very small displacenent of
the primary.

MR, MARX:  About how snmall?

THE W TNESS: Depending on -- again, | should
back up. Assuming these are no load rates, so there's
no | oad on the PCU. If we're talking -- the rate of
the PCU is dependent upon the load and the rate
comand. It's not a singular function. So if we're
talking a no load rate of 2 degrees per second, it's a
very small displacenent of the primary slide.

MR MARX: Well, let's say that we had a

doubl e jam between the prinmary and secondary, and the
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secondary and the housing unit. At what position would
we have to have the primary to the secondary -- for
instance, just using that as a scenario -- to produce a

2.5 degrees to 7 degrees or 7.5 degree rudderick?
THE W TNESS: Is this a no | oad condition?

MR MARX: No, because we're janm ng them

whet her it's load or no | oad. I would say it's under
| oad then.

THE W TNESS: I can't answer that w thout
knowi ng what the load is then. | mean, in other words
if I comand -- let's say | have no load to the PCU and

| set a command at the servo at 5 degrees a second.
It's going to go at 5 degrees per second.

If I put a huge load on that, then I can

stall it, | can stop it, but ny command is the sane.
If I vary that load, | can change the rate to anything
[ want. You can't talk in singular terns and ask ne

what a rate of a PCU is or the position of the slide
wi thout giving definitive |oad of the PCU

MR MARX: I"mtrying to understand what it
is that drives the actual ram or the actuator itself.
In going through this system we have a pressure
differential on each side of the ramthat can drive it.

Is that correct?
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THE W TNESS: That's correct. Yes.

MR MARX: What is the normal pressure that
you woul d have for each systen? W have two systens
also; is that correct?

THE W TNESS: That's correct.

MR MARX: In each system what is the
pressure that can drive it?

THE WTNESS: W have a 3,000 psi supply
pressure and approximately a 50 psi return pressure.

So we have a nmaxi num of about 2950 psi differential per
syst em

MR MARX On the one system we consider the
A system we have approximately a 3,000 pound, m nus 50
pounds as | understand. VWat is the cross-section on
the area of the ramitself in square inches?

THE W TNESS: It's a 1.003 square inches.

MR MARX: Roughly one square inch?

THE W TNESS: Roughly one square inch, yes.

MR MARX: So if we had 3,000 pounds upon one
side of that piston and 50 pounds on the other, what
woul d be the total |oad approximately?

THE WTNESS: W have 2950 pounds.

MR MARX: Twenty-nine hundred fifty pounds,

that's for a systenf
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THE W TNESS: That would be for a single
system yes.

MR MARX: I's that enough to drive the rudder
all the way to its full stop?

THE W TNESS: Under what |oad condition?

MR MARX: Under the load conditions -- well,
let's put it this way. Can it drive the rudder at 190
knots to a position of 16 or 17 degrees?

THE W TNESS: | don't know what the blow down
at 190 knots is. | think it's -- for sinplicity sake,
let's say it is the 16 or 17 degrees you nentioned. If
we have one system at a 2950 psi differential pressure
or you get halfway there -- well, | shouldn't say
hal fway there. It's not a |inear curve. [t's a non-

l'i near curve. So you're going to get sonething |ess
t han hal fway there.

MR MARX: What would be the engine out
requi rements in which you have to have enough rudder to
take care of the yaw that occurs from the engine out?
Isn't one system enough to produce the anount of the
yaw that's needed to maintain flight?

THE W TNESS: NO The design case for the
rudder is an engine out case, as you nentioned. I't's

somewhere around 120 knots. W have to be able to nove
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the rudder full deflection. That's mnus the
conpliance of the system which is, | think, about a
hal f degree in, | think, less than three quarters of a
second. That's the design case for the rudder and
that's with both hydraulic systens powered.

MR MARX: We tal ked about the A system NOW
what about the B system would it have a simlar type
of a load arrangenent if we had them both going on at
the sane tinme?

THE W TNESS: Yes, it would

MR MARX: So if 3,000 pounds were around one
side of the B side, it would be reacting against a
surface area which is approximately one square inch and
you woul d have another 3,000 pounds of |oad on the
act uat or. I's that correct?

THE W TNESS: Yes, the two systens are
addi tive. So you can get approximtely 5900 pounds of
force out of the PCU

MR MARX: At what position then can we go to
at 190 knots? Can we get to the bl owdown rate or 17
degrees?

THE WTNESS: Wth both systens at a 2950
differential pressure, we would go to bl ow down, yes.

MR MARX: What pressure would we have to
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have, what m ni num pressure or load, | should say, and
pounds would we need to get to that blowdown rate at
190 knots for 17 degrees rudder?

THE W TNESS: We need the full PCU hinge
monent . That defines bl ow down.

MR MARX: | mean, would we need both
systens?

THE WTNESS: Yes, that's what defines ful
PCU hinge nonent, full system pressure, full
differential.

MR MARX: Can you quantify what it is for
one system alone, for 3,000 pounds? How far would the
rudder go?

THE W TNESS: The rudder woul d produce a 50
percent hinge nonent. I don't know what the | oad
versus deflection curve is, but it would give you
somewhere around 50 percent rudder deflection. Fifty
percent of your bl ow down.

MR MARX: So it would only nove to say 8
degr ees. I's that your testinony?

THE W TNESS: I won't put a nunber on it,
because it's a non-linear curve, and | don't have the
| oad versus deflection curve for that air speed.

MR MARX: The rate of travel of the rudder
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- that is, the speed of the rudder or the acceleration
of the rudder that would be in the degrees per second.
The speed of that rudder noving is dependent on sone
flow rate that occurs inside the servo?

THE WTNESS:  Yes. The rate of the rudder is
dependent upon the load on the rudder, the command to
the control valve, and the available supply pressure.

MR MARX: So if we just -- if we had this at
neutral or we were just taken off of neutral where we
are pushing the primary into the secondary, what
direction, by the way, would that produce rudder
novenent ?

THE W TNESS: If we're commanding the primary
into the secondary?

MR MARX: Yes.

THE WTNESS: Wen you say in, you nmean into
the servo body?

MR MARX: Yes.

THE W TNESS: That would be a left rudder
di rection.

MR MARX: If we nove that primary a one or
two thousandth say into the secondary, that would
increase the flow rate from essentially a very little

amount to a higher anount. I's that correct?
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THE W TNESS: To a hi gher amount, yes.

MR MARX: The pressure would be the sane,
would it not?

THE WTNESS: No, it would not.

MR MARX The pressure changed, as you go
fromthis position to a two thousandth in?

THE W TNESS: Yes, the pressure gain is we
get full pressure gain at very small displacenents of
t he val ve.

MR MARX: At one thousandth, what we wll
have for a pressure? That's downstream or in towards
your-- it's inside your actuator yourself.

THE W TNESS: You' re asking what ny
differential pressure would be at one thousandth
di spl acenent of the rudder side?

MR MARX: Yes.

THE W TNESS: | don't have the pressure gain
curve in front of ne. But if you had a pressure gain
curve, you could just -- you know, it's sinply a matter
of --

MR MARX:  About how far would it have to go
to get full pressure?

THE W TNESS: Not very far. You just have to
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MR MARX: A couple of thousands?

THE WTNESS: Well, wunderlap of the primary
side is between one and two thousandths. As soon as we
cover up the -- or as soon as we nove the full wdth of
the underlap, we have full system pressure, ful
differential pressure.

MR MARX: So you could have a load that's
occurring on the actuator itself of a 2950 pounds for
system A, a 2950 pounds for system B. Is that correct?

THE W TNESS: That's true.

MR MARX: But how do we change the rate of
how fast that actuator noves?

THE WTNESS: W change the rate of how fast
it noves by -- let's assune it's a constant |oad. W
change the rate by changing the area of the orifice
that's open. The bigger the area, the faster the rate.
The snmaller the area, the slower the rate.

MR MARX: Can you give me an estinmate then
what the orifice opening would have to be or how far
the primary would have to nove to the secondary to
produce a rudder rate under a load at 190 knots to get
us to a blowdown rate of 15 to 16 degrees?

In other words, we're talking about we wll

need a rate of 2.5 to 8 degrees per second of that
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rudder novenent, based on the testinony that you' ve
heard already. \Were do we have to have the primary to
do this?

THE W TNESS: | mentioned earlier that the
| oad versus deflection curve is not |inear. Ther ef ore,
you can't pick a fixed position of the primary to give
you a linear rate. The only way you can get a |inear
rate throughout that curve, throughout that deflection
is to change the area of the orifice as you're
deflecting the surface.

MR MARX: So it increases? You have to
increase it?

THE W TNESS: You have to increase it, yes.

MR MARX: As you nove the actuator out, you
have to then increase the orifice to get nore fluid
flow Is that what you're stating?

THE W TNESS: Yes. You have to increase the
orifice so you get nore fluid flow to react the |oad,
so that you can maintain a constant rudder deflection
rate.

CHAI RVAN HALL: Do you seek recognitions, M.
MG ew?

MR MGREW  Yes, sir

CHAI RVAN HALL: Coul d we have the Boeing
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Commercial Airplane G oup mcrophone, please?

MR MGREW  Yes. M. Chairman and M. Marx,
I would suggest that sone of the questions you're
asking now would require sitting down with some data
and some figures of curves and make sonme cal cul ations
to answer these questions, which we would be very happy
to do. | suggest perhaps that we mght nove onto a
nore general |ine of questioning, rather than the
specific answers you're looking for, and let us provide
you specific answers to that in the very near future.

MR MARX: That's fine. I"'mtrying to get a
feel for certain positioning here in ny line of
quest i oni ng. ['ll nove on, because | can see that |I'm
getting no where here.

You testified to a pressure test that was
perforned recently in January that dealt with the
novenent of the secondary slides to the -- or the
primary to the secondary, and the secondaries to
different positions and opposite positions. I think
that you were referring to Exhibit 9-AH page 2, when
you were speaking of that.

Are you also famliar with the Exhibit 9-R
which has the actual figures for that? Could you get

that out in front of you, please, page 3?
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THE WTNESS: Wich exhibit was it?

MR MARX: Ni ne- R, Roneo.

CHAI RVAN HALL: M. Mrx, would it be
possible to submt these questions to M. Cdine, and
let's recall him Thursday or Friday or Saturday? No?
Once these cal cul ati ons were nade?

MR MARX: Well, | think the calculations can
be given to us from Boeing at a separate tine. |I'm
trying to get a feel for what it is that this wtness
can answer right now.

CHAI RVAN HALL: Al right. Then proceed.

MR MARX Do you have Exhibit 9-R?

THE W TNESS: Yes. \Wiat page are we on?

MR MARX: Page 3. About mdway down the
page We have an item 3, test condition, in which it's
listed as a secondary retract internal stop. \Wat is
meant by that?

THE W TNESS: That neans that the secondary
slide was noved in a retract direction. Wen we say
retract, that's the same thing you' re referring to when
you said into the servo, until that contacted the
internal servo stop, and then they then fixed the
secondary slide in that position to performthe test.

MR MARX: VWhich direction would the rudder
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be nmoving in that if you happen to have the secondary
into the internal stop?

THE W TNESS: That's |l eft rudder.

MR MARX: Left rudder. \What was done with
the primary in that case, the test three case?

THE W TNESS: The primary was then taken in
the opposite direction of the primary or the secondary.
It was extended out of the servo body.

MR MARX: The original intent of that test
was to show what ?

THE W TNESS: That that's the case of janmm ng
the primary slide hard over one direction. In this
case, the extend direction. And then trying to
overcone that conmand with the secondary in the other
di rection.

MR MARX: Wuld it also be consistent or
identical to the fact that if we took a secondary and
pushed it all the way into the servo and jamred it in
that position and pulled the primary back to its
farthest extend position?

THE W TNESS: You' re asking if those two
conditions are the sane?

MR MARX: Yes.

THE WTNESS: No, they are not.
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MR MARX: Why are not they the sane?

THE W TNESS: Because in the first condition,
which is on page 3, the primary is sinulated to be
jammed. And in the case you're tal king about, the
secondary is sinulated to be janmed. So it's a case of
which slide are you trying to overcone, the primary or
the secondary. It's very different results.

MR MARX: VWll, the first condition, as |

understand it, is you take the primary and you nove it
into the secondary. Is that correct? You're going to
left rudder.

THE WTNESS: Wiich condition are we talking

about ?

MR MARX: The first one. The first
secondary retract |inkage stop. Is that the externa
stop?

THE W TNESS: Yes, that's the external stop
MR MARX: \Wiere would the secondary be if

you took that to full stop? |If you took the primary in

as far as it will go and pick up the secondary and take
that as far as it will go, it will not be to the
external stop, as | understand it. The secondary will

not be to the external stop.

THE W TNESS: In stalling the PCU, it would
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be, Yes. The summ ng lever would first -- the primry
summ ng lever would first cone nove the primary slide
until it picked up the secondary slide. Then it woul d
take both slides until the summ ng |ever contacted the
external servo stop.

MR MARX: Now what position would be the
secondary? Wat woul d that be?

THE W TNESS: It would be at the externa
stop position.

MR MARX: The external stop position?

THE W TNESS: Yes.

MR MARX: Wuld that be fully into the
servo, the secondary itself?

THE WTNESS: Well, not fully. | nean, it's
at the external position. If you went further, you
woul d get to the internal position.

MR MARX: I know that you haven't been able
to cone up with any figures on this, but your
guesstimate was five to 20,000 short of the interna
stop on the accident?

THE W TNESS: Yes.

MR MARX: This test that we're tal king about
are of the actual accident servo that you're testing?

THE W TNESS: That's true.
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MR MARX: If by chance you happen to get the

secondary pushed all the way into its internal stops,

it wll go as far as it can and stop and jam at that
position, and |linkage feedback fromthe ramw Il then
try to pull the primry back. Is that correct?

THE W TNESS: That's correct.

MR MARX: It will conme back as far as what?
How far would it go, assumng that the secondary is
jamred at the internal stops?

THE W TNESS: The primary woul d conme back
until it contacted the secondary slides, like in the
case of this valve.

MR MARX: Whuld it be the sanme as test
condition three?

THE W TNESS: Yes, the primary would cone
back sixty-eight thousandths.

MR MARX: In test condition three, what
woul d be the pressure differential between the
cylinders and which way woul d the rudder nove?

THE W TNESS: In condition three?

MR MARX: Yes.

THE WTNESS: Well, your condition, because
your condition is not what condition three is.

MR MARX: Well, what I'm --
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THE W TNESS: The slides are in the sanme
position, but the one that's being sinulated as janmed
is different in each case and that provides different
resul ts. You said that the secondary slide should be
jamred at the internal stop and we tried to overcone it
with a primary.

MR MARX: That's correct.

THE W TNESS: That would be a negative 58
percent residual. If we jammed the primary hard over
and take the secondary to the internal stop, we have a
positive 58 percent residual.

MR MARX: Yes, but this positive and
negative, I'mjust trying to |ook at the actual
pressure that are occurring at that particular tine.

In other words, the third condition in which the
secondary is taken to its internal stop, the primary --
and that would be in the push in condition, which is

| eft rudder. The primary is comng back to its
external stops as if it was going towards right rudder.
Is that correct?

THE W TNESS: Yes, that's for the nost part
correct.

MR MARX: In that condition, which way would

the rudder nmove? |If you look at the G2 and the CI
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pressure, the G2 itself is trying to drive the rudder
which way, left or right? |If you had a higher pressure
on G2 versus G| would it go left or right?

THE W TNESS: It would go left.
MR MARX: If you had a higher pressure on C
4 versus C3, which direction would it go?

THE W TNESS: That's |l eft rudder al so.

MR MARX: Al so | eft rudder. In the case of
test condition three, we have -- for those that do not
have a -- well, let's just ask you. \What was the

pressure nmeasured in that condition for GC 2?

THE W TNESS: It was 2700 psi.

MR MARX: And for G 17?

THE W TNESS: Five hundred and fifty psi.

MR MARX So there is a difference in
pressure between G2 and CG1 of a magnitude. M
cal cul ati on shows about 2150 per square inch. The C |
and the C-2 are to what systen? |s that to the A
system or the B systen?

THE W TNESS: That's to the B system

MR MARX: The B system So we had a 2150
pound pressure differential that was going towards |eft
rudder .

THE W TNESS: That's correct.
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MR MARX: That woul d react against a ram
square area of one square inch?

THE W TNESS: Yes.

MR MARX: WII| give you approximtely how
many pounds of |oad onto the ran?

THE W TNESS: For that system it would be
2100 pounds.

MR MARX: Twenty-one hundred and fifty
pounds. The C3 and the G4 are for what systen?

THE W TNESS: Those are for the A system

MR MARX: The difference that | calcul ate
was 2150 pounds per square inch versus 1250 pounds is
1300. Approxi mately 1300 pounds per square inch
That is also reacting against approximately one square
i nch. Is that correct?

THE W TNESS: Yes, that's correct.

MR MARX: That woul d give you approxi mately
how nmuch additional | oad?

THE WTNESS: An additional 1300 pounds.

MR MARX: So the total |oad that would occur
bet ween those two systens in that condition would be
the sum of those two. Is that correct?

THE W TNESS: Yes, that's correct.

MR MARX: The sum of those two conditions, |
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think, | believe ny calculations show 3450 pounds.
That would be in the direction of left rudder.
THE W TNESS: For the condition you talked
about, that would be in the direction of |eft rudder.
For the condition that was simulated in test three, it

woul d be for right rudder.

MR MARX: Well, 1'm speaking of a condition
-- well, let's talk again about what you nean by a
double jam a dual jam condition. Does that nean that

the dual jam condition could nove the rudder here and
left and right and continuing to nove it in that
position, those janms would have to occur
si mul taneously? |Is that correct?

THE W TNESS: You' re tal ki ng about janm ng
both the primary and the secondary sides?

MR MARX: Right. Wuld they have to occur
si mul t aneousl y?

THE W TNESS: Not necessarily simultaneously,
just concurrently.

MR MARX: Well, how would they occur
ot herwi se?

THE WTNESS: Well, they don't have to occur
at the same instant in tine. One can occur at tine X

and one can occur at tinme Y, and you're going to have
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still the sanme probl ens.

MR MARX: | under st and. But in order to get
t he runaway of the rudder one way or the other, you
have to have those jans in place at the sane tine?

THE W TNESS: Yes, that's true

MR MARX: The scenario that we're |ooking at
here on test nunber three on Exhibit 9-R on page 3
i ndicates a condition where you would have a
possibility, if all ny figures are right in the way I
think about it, is that you can have a way of getting a
secondary into a slower travelled position against the
internal stop by a jam possible jam or sone other
nmechani sm that we haven't discussed yet between the
primary and the secondary. It would be reacting
against the spring force, is that correct, to get it to
t hat position?

THE W TNESS: If you had a jam between the
primary and the secondary?

MR MARX: correct.

THE W TNESS: Yes.

MR MARX: Then to jam the secondary, if we
could jam the secondary in that position now -- that
is, full travel -- and shear off the particle or

whatever it is that's janmmed between the primary and
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secondary and let that go free so the primary can go
onto the right rudder condition, that would be a single
jam would it not?

THE WTNESS: Well, you would be left with a
single jam after three failures, three failure
condi ti ons.

MR MARX: Ri ght .

THE W TNESS: The initial jam the second jam

MR MARX: But that --

THE W TNESS: -- and the initial shear
MR MARX | under st and. I would like to
explore a little bit about the link cavity. In the

link cavity, is there any possibility of a particle or
debris or some type of jamm ng mechani sm that can occur
in the sunming |lever that can cause an over travel in

t he secondary?

THE W TNESS: There's no jam of the summ ng
levers that |I'm aware of that could over travel the
secondary.

MR MARX: My understanding so far in
testinony is that there's a very small distance in
which we have to go to get to the external stop. That

would be in the direction of left rudder and where

CAPI TAL HILL REPORTING, |NC.
(202) 466- 9500



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

689
we're going in pushing the secondary into the housing.
I"'mtrying to find other ways in which we can get that
secondary full into the housing other than the two that
you tal ked about which was m snachi ne chanfer or
internal jam

I"m | ooki ng now for another nethod of
possibility of an external jam that would be at the
summing lever itself that could cause the secondary to
go into the housing to its internal stops.

THE W TNESS: | haven't been able to cone up
with one, and for certain reasons, | have thought about
that and | have not cone up with any on ny own, nor has
anybody presented any to nme and nor am | aware of any.

MR MARX: You also testified about the
primary slide test that you did where the force of |
think it was 2.5 ounces was neasured on the accident
servo.

THE W TNESS: That was 12.5 ounces.

MR MARX: O excuse ne, 12.5 ounces. YQU
indicated also that this would pick up the secondary
earlier. Is that correct?

THE W TNESS: Picking up the secondary is not
a result of the 12.5 ounces. It's just another

condition we had on that PCU
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MR MARX: Ch, it's just another condi tion?

THE W TNESS: M hmm

MR MARX: That is not a result of the spring
itself. It has to do with some other condition. What
woul d that condition be?

THE W TNESS: I think it mght have been
sonmet hing as sinple as tol erances. Like I said
earlier, you can't nention everything. You have
t ol erances. If that unit was to one side of the
tolerances and | also said earlier that depending on
how nmany tines you tested it, you're going to probably
get different results, slightly different results.

That picked up so slightly, just a slight bit early,
that it's very possible that the first tinme or first
few tines that was tested it passed. And the tine we
tested it, it didn't pass.

| feel very confident if we were to test it
again several nore tines, we would get a distribution
that shows us it's very close to the Iimt. Sonet i nes
it wll pass and sonetinmes it won't. I think that's
just the case we had with this PCU

MR MARX: If you picked up the secondary
earlier, would that have a tendency to nove the

secondary farther into the servo if we are going into
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the left rudder condition or pushing the primary into
the --

THE WTNESS: Yes, it would. | don't recal
whether it was on an extend or retract side that we
pi cked up earlier.

MR MARX: Was there any other condition such
as the particle contamnation of the link cavity that
can cause a secondary to be picked up earlier as you
nove the primary? | nean, as you nove the prinmary, can

it be picked up earlier from sone particle

11

12

13

14

15

16

17

18

19

20

21

22

23

24

contam nati on?

THE WTNESS: Yes, that's just |ike anything
that woul d cause stickiness or jam between the primary
and secondary. It would cause it to pick up earlier.

MR MARX: It would cause it to pick up
earlier?

THE W TNESS: Yes.

MR MARX: Well, what would that stickiness
be? Wuld that be sonething that would get caught in
bet ween the nechanism that is going fromthe link arm
towards the primary? |Is there any free play, for
instance, in that unit?

THE WTNESS: Yes, there's relative notion

between the primary and the secondary. If you stuck
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sonmething in between the secondary pick up and the
secondary pick up lever or the secondary |ever and the
secondary side itself, it would pick up early also and
it would pick up early by the magnitude of whatever you
stuck in there.

MR MARX: Well, if we picked up earlier, say
five thousandth earlier, could it nove the secondary
five thousandth farther into the --

THE W TNESS: Yes.

MR MARX: And five thousandth is about how
many mcrons? Each thousandth is about 25 m crons?

THE W TNESS: Yes.

MR MARX: So it's about 125. I know there's
a lot to think of when you' re answering questions here.
A hundred and twenty-five mcrons roughly would be five
t housandt h. In the link cavity -- the particles that
were found in the link cavity, what were the maxi mum
sizes that were found?

THE W TNESS: There were sone in excess of
100 microns.

MR MARX There was some |ess than or above
100 m crons?

THE W TNESS: Yes.

MR MARX: What was the largest particle?
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THE W TNESS: I don't think they actually
count the largest particle. They just have a category
that's 100 mcron or greater.

MR MARX: A 100 micron or greater? Do we
have any idea how many particles that were 100 m cron
or greater?

THE WTNESS: Yes, we do if we can |locate
that exhibit.

MR PHI LLI PS: Exhibit 9-0O | believe it's
9-0. W haven't got a page yet. And for reference
your pick up is on 9-A page 63 in the extend direction
for the early pick up of the secondary, if you wanted
to go back to that. That's the input force versus
i nput travel

THE WTNESS: Wat page did you say that was,
G eg?

MR, PHI LLI PS: Page 63 of 9-A

THE W TNESS: M. Marx, to answer your
guestion about how many particles were greater than 100
mcrons in the link cavity sanple, the sanple we sent
to Monsanto, they reported 362.

MR MARX: Three hundred and sixty-two? |
have just a few nore questions. Maybe we can resol ve

sone of the other stuff later. During the -- were you
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present at the tinme in which the PCU the main PCU was
di sassenbl ed at Parker?

THE W TNESS: Yes, | was

MR MARX: You testified that you | ooked for
debris and you al so | ooked for danage on the servo and
t he |inkages?

THE W TNESS: Yes, we did.

MR MARX: How did you do that?

THE WTNESS: Wth a stereo-m croscope.

MR MARX:  About what magnification did you
do?

THE W TNESS: I think that was about 25
tines.

MR MARX: How did you | ook for debris? Wre
you looking for debris in the residual fluid that cane
out as a result of it?

THE W TNESS: Yes, when we renoved the servo
fromthe PCU we used a cleaned netal pan underneath
t he conponent while we disassenbled it. W captured
all the fluid and anything el se that cane out of there.
Then that again was a visual examnation of the fluid
after we disassenbl ed the conponent.

MR MARX: Also on the shear test that you

testified to, you indicated that the particle of 52-
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100, which | wunderstand is a material that's used in
the actual servo itself was used. Is that correct?

THE W TNESS: Yes, that's correct.

MR MARX: How many tests did you use on 52-
1007

THE WTNESS: W just perforned one test.

MR MARX: The one test. And based on that
one test, you were able to nmake a statenment that it
woul d al ways produce marKk. Is that correct?

THE W TNESS: That statenent is not based on
that single test. That's based on all the tests.
Anything with an applied force or anything that
required a chip shear force no nore than 20 pounds
created damage.

MR MARX: Well, ny understanding of what was
testified to is that there was -- of all the other
material that you had, that would be the softer
material, except for chronme, which would be a hard
material, produced a visible mark that you could see at
relatively |ow magnification. Is that correct?

THE W TNESS: That's not conpletely correct,
because we -- | would like to say that that testing was
perforned fairly recently. The systens group report of

that testing is not conpleted. It's in what | would
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call a draft form I noticed the sane thing you're
noticing, and we went back and | ooked at the
phot ogr aphi ¢ docunent ati on we have.

I think the chrone also |eft damage, but
that's sonething that will -- because this is still in
a draft, that is sonmething we have got to iron out
within the systens group as to what the report really
cont ai ns.

MR MARX: But with the 52-100, you only did
one test --

THE W TNESS: That's true.

MR MARX: -- and you | ooked at what the
results of that was, and you were able to nake a
uniform statement that it will produce damage in every
case? So it's based on one on the 52-100, one test?

THE W TNESS: W ran one test with 52-100.
But the conclusion that 20 pounds or greater is not
based on that test solely.

CHAl RVAN HALL: Well, when is this test going
to be conplete?

THE WTNESS: Wen is what test going to be
conplete? The testing is conplete. The docunentation
is just not in its final form

MR PHI LLI PS; The testing is conplete. M.
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Cine said that the draft report, which is listed as
Exhibit 9-R needs to be revisited wth his coments
not ed. So there is no additional testing planned.

MR MARX: Well, that leads ne to one of the
few final questions | had, and that has to do with
ot her shear chip testing that has been perfornmed in the
past. Wiat other testing has been perfornmed in the
past? | nean, is it part of the certification of this
valve or is it a result of some other or could you cone
up and tell me what the actual tests were?

THE W TNESS: There was no chip shearing test
perforned as a part of the certification for this
particul ar val ve. Sone time in the history of the

Boei ng Conpany, there has been some chip shear test

per f or med. I haven't been able to find anybody that
actually witnessed those tests or | haven't been able
to find any docunentation on those tests. so for all

purposes, there really isn't any information on any
past tests.

MR MARX: I wanted to get one clarifying
thing here. It had to do with the pedal going to the
bottom the four inch travel with the pedal to the
bottom I don't know if you nmeant to say this but does

that nean that the secondary goes all the way to its
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internal stop or goes as far as it can go in the case
of left rudder and as far as it can go out as far as
right rudder is concerned?

THE W TNESS: I think you're talking about
the control's check?

MR MARX: Yes.

THE W TNESS: Yes, if you perform the freedom
control's check to the full extent of the rudder, the
pedal travel, you will nove the secondary slide to its
external stop.

MR MARX: So it doesn't really matter how
fast you're noving that pedal. It's just how far
you're noving it?

THE W TNESS: That's correct.

MR MARX: So if you get to the full extent,
you can actually push that secondary all the way to its
limts?

THE W TNESS: That's true.

MR MARX: One final question. It has to do
with the fluid contam nation test that you perforned
recently. | understand that we do not have any
exhibits on this presently. Wen you use different
types of materials, 43-40 and al um num bronze, teflon,

were these all mxed together in one slurry?
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THE W TNESS: Yes, they were

MR MARX: I have no further questions.

CHAI RVAN HALL: M. dark?

MR CLARK In an earlier statenent, |
believe it was in regard to the contam nation testing.
You said the unit went through 5,000 cycles. Can you
tell me what a cycle is in this case?

THE WTNESS: A cycle in this case was
starting in a neutral position, extending to -- we went
fairly close to full PCU extension. | woul d say
bet ween 80 and 90 percent back to 80 or 90 percent of
PCU retraction and back to neutral again.

MR CLARK Then back to neutral ?

THE W TNESS: Yes.

MR CLARK So basically that would be the
equi val ent of 5,000 notions of the input |ever arnf

THE W TNESS: Yes.

MR CLARK Rat her than 5,000 flight cycles?

THE W TNESS: That's correct.

MR CLARK In the grand schene of things in
your position at Boeing, where do you pick it -- do you
pick up the surface difficulty reports or how do you
becone aware of problens in the field or on the line?

THE W TNESS: I''m nade aware of those
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probl ens by the service engineering group. They send
anything they feel is significant directly to us. They
call us. Sonetines they even need our support for
their responses to airlines.

MR CLARK: So you would at least in the
atmosphere in the |ast several years, do you believe
you pick up nost of the yaw danper reports and any
ot her problens with rudder packages?

THE W TNESS: Yes, |'ve picked up so many of
those, it's hard to keep them straight.

MR CLARK The service difficulty group
isn'"t filtering too many of those that you don't see?

THE WTNESS: No, | don't think they're
filtering any at all.

MR CLARK You al so tal ked about the Mack
Moore unit and the summng |ever over travel issue. |
assune you examned this unit for witness marks in that
area?

THE W TNESS: Yes, we exam ned for w tness
marks and we visually verified that while a command was
being input, it contacted the external servo stops
correctly.

MR CLARK They were contacting the

inflation square and in the mddle?
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THE W TNESS: That's correct.

MR CLARK: Wen you tal ked about units of
new manufacturer and those that are returned, when
those units are returned for service, are they tested
prior to the overhaul for evidence of the Mack Moore
type tolerance build up or is that all done after
t hey' ve been overhaul ed or during overhaul ?

THE W TNESS: There is some testing, sone
recei ving testing done. I"m not positive if that input
force test is included in that.

MR CLARK Most of those units do go to
Par ker Hannifin?

THE W TNESS: Most of them do, yes. Al of
the units being retrofitted go to Parker Hannifin.

MR CLARK: But do you do testing at the
Boeing facility for units or do the units cone through
the Boeing facility at all?

THE W TNESS: Sone of the units cone to the
Boeing facility, but they just get forwarded to Parker.

MR CLARK: 'l save ny questions for that.
In Exhibit -- and I"'mnot sure if it's necessary to
pul | up the exhibit. Maybe for you. But in Exhibit 9-
A page 52, the conclusion was that testing validated

that the unit was incapable of uncommanded rudder
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reversal or novenent. Is that statenment based on your
eval uation of the tolerance build ups that | assunme you
made neasurenents and conducted the flow test? Is that
primarily based on the tolerance build ups that you saw
in the unit?

THE W TNESS: That conclusion is based on an
actual test where we took the servo at the servo |evel
and drove the secondary to its internal stops and
applied an equivalent force of the wal king beam and

nmoni tored the cylinder pressures and they did not

reverse.

MR CLARK: Wien you were doing -- when you
say the secondary was driven to the stops, |'ve heard
terns of over travel. Is that your characterization of
t hat ?

THE W TNESS: Yes. W drove it to the
internal stops, which would include any over trave
t hat exi sted.

MR CLARK: Were there any -- when you were
doing the over travel tests, were there any pressure
reversals in the unit that you noted?

THE WTNESS: No, there were not.

MR CLARK Earlier you also tal ked about

chip shear and at one point, | heard a nunber that the
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maxi mum force would be 95 pounds. I's that 95 pounds
that can be applied directly to the end of the primary
servo valve?

THE W TNESS: Yes. It's on the order of 95
pounds. I would have to |look at the acceptance test
data to give you an exact nunber.

MR CLARK | guess it was ny understanding
that the break-out unit would limt that force to
forces in the 55 pound range or 50 pound range. Thi's
95 pounds applied at the end of the primary servo is a
hi gher nunber than 1've heard in the past.

THE W TNESS: The reason for that is we only
put a mnimumIlimt on the wal king beam break out.

That mnimumIlimt at the wal king beam level is 40
pounds. In the sane regards that the PCU type assenbly
level, we have an envel ope of what those forces can be
Wit hin. So if you look at the upper portion of that
envelope, it's in the 95 pound range.

MR CLARK: That clarifies it. Then during
your testing if you saw the equivalent of a 40 pound
| oad physically pushing on the primary valve, that
would still be an acceptable test?

THE W TNESS: I"mnot quite sure what you're

aski ng.
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MR CLARK Let's break the unit out. [f I
had a servo and | dropped a piece of contami nate in,
how nmuch could | physically push directly on the end of
that primary servo before | reached the | ow end of the
wal ki ng beam break out? Wat force would that be?

THE W TNESS: That varies with units. But on
this unit, it was 44 pounds.

MR CLARK: Forty-four pounds. So in other
words, if | had a contamnant in there that could
wi thstand that 44 pound |load, then | could continue
with the jam wi thout shearing the part?

THE WTNESS: That's correct.

MR CLARK Because the wal ki ng beam woul d
break out and not allow the |oading to go any higher at
t hat point?

THE W TNESS: That's correct.

MR CLARK In your testing, did you ever
push the secondary fully to the internal stops and then
try to determne if there were any jans or binding at
t hat point?

THE W TNESS: There were several tests where
the secondary slide was taken to the internal stops.

W didn't specifically see if it was jammed at that

poi nt. But whenever the test was released, the
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secondary al ways returned.

MR CLARK In some of the noted simlarities
bet ween Col orado Springs, for exanple, and Pittsburgh,
precedi ng each event, we were in an area of turbul ence
in which it could be assuned that the yaw danper may be
active, but they are also in a vertical acceleration
Are there any requirenents or testing to shake test the
unit in the vertical direction to see if that can
i ntroduce problens or examne the entire airplane for
vertical novenent of the l|inkage, the control cables,
for exanple, to see if that nmay introduce concurrent
problens with the yaw danper activation?

THE W TNESS: Yes. At the conponent |evel
we do vibration testing. The airplane is divided up
into zones and vibration levels for each of those zones
def i ned. | don't know if the system such as the
cables and the tubes in the quadrants in that, are
subject to a vibration test or not, but the conponents
such as the PCU are.

MR CLARK: Wien they do those kinds of
tests, are they subjected to the 1 g, plus or mnus .3
or .5 g's consistent with the type of data we have
recorded from these two accidents?

THE W TNESS: I think it's nuch greater than
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t hat .

MR CLARK: That would be an all up test with
the unit running and operational ?

THE W TNESS: I can't recall whether we
actually operate it during that vibration testing or
whether it's jjust -- | can't recall. I don't know
ri ght now.

MR CLARK: | believe yesterday M. Turner
nmade a comment and | forgot to follow up with him so
I"mgoing to ask you and we nmay have to go back to M.
Tur ner. The question then was can the yaw danper cause
full novenent of the secondary val ve. I think the
answer was Yyes. My question is can the full novenent
of the yaw danper cause full novenent of the secondary
val ve?

THE W TNESS: | think if you have enough | oad
on the PCU, such as a cruise condition where your | oads
are the highest on the surface and you're going to get
the slowest rates out of the PCU, 1 think, yes, you can
drive the secondary to its stops.

MR CLARK: Basically what you're referring
tois if the yaw danper is noving, the rudder is trying
to keep up. So it's difficult to get full travel out

of the secondary. But if | were to drop back -- and
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let's just assune for a nonment the rudder wasn't noving
and | ook at an extrene situation. If we held the
rudder in place so we had no feedback and then sinply
noved the yaw danper to a hard over, is that notion to
the summ ng | evers enough to nove the secondary to the
external stops?

THE WTNESS: Yes, in a static case |like
that, yes, geonetrically it is plenty of stroke to nove
t he secondary over.

MR CLARK: Then also from a direct pilot
input, if that exceeds the rate of the rudder feedback
the typical stop we hit would be the external stop on
t he servo val ve?

THE W TNESS: That would be the first one you
hit. If the rate of the pilot exceeded the PCU even
further, then you would hit the stops on the externa
or the manifold of the PCU itself.

MR CLARK You would go through the break
out and then hit the --

THE W TNESS: Yes.

MR CLARK -- continue on to hit the
mani fol d external boy stop?

THE W TNESS: Yes.

MR CLARK: Wuld that hold true also for a
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yaw danper i nput?

THE W TNESS: The yaw danper won't ever, even
in your case of holding the feedback, the yaw danper
won't ever cause the external manifold stops to
cont act . They purposely design it that way so that we
could never kick the pedals with the yaw danper.

MR CLARK I would like to get sone
clarification on Exhibit 9-AH page 2. W' ve talked
about the Mack Moore unit or the United unit, and ny
understanding is to get that anomalous condition to
exist, we have to push both primary and secondary val ve
in the same direction into an over travel situation?

THE W TNESS: Yes. That's correct.

MR CLARK Then all of these cases here,
we're | ooking at opposite notions of the primary and
secondary. W woul d nove the secondary one way and the
primary the other?

THE W TNESS: Yes.

MR CLARK Let's take nunber one first. YQU
used the termresidual, and earlier you defined that as
a |leftover pressure. Can we get a nore practical
definition, that if I"'min this situation and |'m
experiencing this 12 percent residual, what's going on?

First let nme ask you, what would the pedal positions be
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in that situation?

THE W TNESS: Dependi ng on what air speed you
were at, you're going to be at whatever deflection
gives you a 12 percent of full hinge nmonment and in the
condition when it's going to be in the left rudder
direction. The pedals would lag that position by six
and a quarter degrees because of the clearance between
the input crank and the manifold stops.

MR CLARK: Basically in this situation, we
have a secondary jam that would command a |eft rudder
novenent . In nmy assunption from what | see here, the
pedal is trying to command a right novenent. That's
where the primary would have noved to the full right
that we can get from a pedal input.

THE W TNESS: Yeah, you wouldn't even
necessarily need a pedal input because of the feedback
| oop. For exanple, if the pilot commanded -- if we're
at an air speed where we have 20 degrees of rudder
avai l abl e before we hit blow down and the pil ot
commanded 10 degrees of left rudder and the secondary
jamred while the pilot was doing this with the full
rate command, first of all the surface would go to
where the pedals commanded it to. You woul dn't notice

anything at that point. \Wen he renoved his peda
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command and he tried to let the pedals go back to zero,
the rudder surface would only go back to 12.5 percent,
so four degrees.

MR CLARK Twel ve percent of the maxi mum
travel at 207

THE W TNESS: Ri ght .

MR CLARK If we're at the 20 -- if the
bl ow-down limt is 20 degrees?

THE W TNESS: Ri ght .

MR CLARK So we woul d see about 2 degrees
of rudder when the pilot took his feet off the pedal?
THE WTNESS: Yes, that's correct.

MR CLARK Two degr ees. Then what woul d
happen as he continued to try to correct that situation
and push in right pedal?

THE W TNESS: He woul dn't get any response
out of the rudder. It would stay right there.

MR CLARK He could either break the unit
free or work through the break out in the PCU?

THE WTNESS: Yes, he would be -- the nost
that woul d be happening is he would be physically
pushing on the manifold stops with whatever force he
excerpted in trying to nove the rudder surface with

that force which in conparison to the PCU hinge nonent
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MR CLARK In this situation, we have | ooked
at an undefined jamin which we can nove the secondary
to the external stop because from an external input,
that's as far as we could nove the secondary. Then we
nove the primary in the opposite direction. Then it's
limted by -- it's essentially limted by the position
in the summ ng | ever tolerance of the secondary?

THE W TNESS: Yes. It's limted by the dead
band between the secondary summ ng |ever and the
secondary slide.

MR CLARK: If I took that maximnmm
difference, that's the nunber where we get the 12
percent residual ?

THE W TNESS: Yes, that is

MR CLARK: Now if | maintained that relative
position and | can't define to you a nmechanismto make
the valve nove, but if | were to maintain that maxinmm
differential position and then nove the secondary on
into the internal stop, what would happen to these
nunber s?

THE W TNESS: That nunber would go from 12.5
percent to 57 percent.

MR CLARK: Onh, that's a situation that
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you' ve defined down here?

THE WTNESS: No, it's not the situation
defined down there, but it's the sane value, just an
opposite sign.

MR CLARK: Then if | took that relative
position or nmoving to the internal stop, the situation
woul d be dramatically inproving as far as pilot
control? | nmean, we're noving froma can't contro
situation to having a 50 percent control?

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

MR CLARK: In the condition nunber one on
the servo is positioned at the equivalent of the
external stop and then in condition nunber four, the
servo would be positioned further into the interna
st op. But that anount of novenent actually inproves
the situation as far as controllability of the rudder
package?

THE W TNESS: Yes.

MR CLARK Let ne go back then and if | were
-- if the situation for that maxi num m salignnment is
the situation nunber one, the worst condition, for
exanple, if | started noving -- maintained that sane

differential and started noving the secondary back to a
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nore neutral position, would that be a worse situation?

THE WTNESS: No, that would be a better
situation froma controllability.

MR CLARK So this situation you' ve defined
here as the worst and then any notion even further on
or less is going to be an inproving situation?

THE W TNESS: Yes. That's why those test
poi nts were chosen, because they are the boundary test
poi nts.

CHAI RMAN HALL: M. dark, could I interrupt
you just for a nonent?

MR CLARK That was ny | ast question

CHAI RVAN HALL: Well, are you sure?

MR CLARK Yes, sir.

CHAl RVAN HALL: well, | don't want to --
here's what | would suggest we do. W have a gentl eman
here who is here at the request of the board, a M.
Runkel . Were is M. Runkel? M. Runkel, you have to
| eave at 2:o00. Is that correct? Wat's that, sir?

MR RUNKEL: I have a 3:30 flight.

CHAI RVAN HALL: M. Runkel, M. Haueter tells
me that your testinony is inportant to this hearing.

So what I'm going to suggest is that we continue unti

12: 30. W take a break, a 30-mnute lunch break, from
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12: 30 until |: QO | apologize for the shortness of the
br eak.

M. Runkel will then come and present his
testinony at |: QO That will give us an hour. I am

told that that is an adequate period of tinme for M.
Runkel's testinmony. Then we would ask M. Cdine to
return. Then we will proceed and we wll proceed

tonight until 8: Q0.

W will continue. W have this room
Sat ur day. If it is necessary to continue this hearing,
Saturday we will do so. It is nothing this Chairman

needs to add to the inportance of this hearing and the
work to the American public, and | appreciate
everybody's patience in this, but it nust continue and
we will continue on the schedule | just outlined.

M. Schl eede, you can -- M. dark said he
was through. Are you sure, John, | did not cut you
off? | didn't nean to cut you off. If you had
anything el se you needed to follow up on?

MR CLARK: No, that was mny |ast question

CHAI RVAN HALL: He's under oath, M.

Schl eede, that that's his last question, so you nmay
pr oceed.

MR SCHLEEDE: My first comment is to clarify
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on the record, we've nade several references to the
United incident and the Mack More unit and so forth
and so on. I just wanted the record to reflect that
that's an event that occurred on July 16, 1992, United
Airlines, Boeing 737-300. | think the testinmony wll
be clear. Oh, it's contained in Exhibit 9-L, 9 Leenmah.

Excerpts from the Col orado Springs' accident report,

page 22.

A couple of follow ups to M. Carks'
guestions on this service history. | wanted to give
you an exanpl e. If a pilot had reported an anomaly

taxiing in the airplane or in flight in which he felt
rudder kicks and novenents of the rudder pedals and
that was witten up for maintenance and troubl eshooting
took place, would that type of an event, regardl ess of
the result of the naintenance troubl eshooting, would
that cone to your attention?

THE W TNESS: If the airline submtted a
telex explaining -- |I'mnot sure what causes an airline
to submt a telex to our service group. But if that
telex got to our service group, it would then get to
ne, Yes.

MR, SCHLEEDE: Do you receive reports of that

nat ur e?
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THE W TNESS: Yes, quite often. | nmean, not
of the nature you're talking about, but | receive
reports of a pilot squawki ng sonething and naintenance
action was taken.

MR SCHLEEDE: If a pilot did have this type
of report and it was determined it was in flight. It
was taken in flight rudder kick, and it's unclear
whet her the pedals noved or not, but it was reported as
a hard over type of event and the main rudder PCU and
t he standby rudder PCU were renoved during maintenance
and returned to the factory. Wuld that type of an
event cone to you attention?

THE W TNESS: Yes, it would. A lot of times
we would travel down to wherever the conponent was
being tested to witness that testing. W woul d al so
try to clarify what the pilot nmeant by a hard over.

Wiet her he was really neaning a yaw danper hard over or
a full surface hard over. W would try to get as nuch
i nformation as possi bl e.

MR SCHLEEDE: Wen you do those types of
investigations of interface, |ike you say travel to
Parker, does the FAA participate in those exam nations?

THE W TNESS: Sonet i nes they do. There is

some specific guidelines as to whether the FAA has to
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be notifi ed. I don't work for those guidelines, so I'm

not sure.

MR SCHLEEDE

One last area has to do with

your testinony about the chip shear tests that were

conducted i n Decenber

to go over it all, but

I know you're -- | don't want

you nentioned that there were

mar ks found on the servo valve after your work. |

heard you say one tine 20 pounds created a |ot of

damage. If it was jammed, it always left a mark. Is

that generally what you
THE W TNESS:
MR, SCHLEEDE
expl anation for another
exhi bits. It's Exhibit
have that exhibit?

THE W TNESS:

MR SCHLEEDE

corner of page 6. Ri ght

i tem nunber 6. To put

said about that testing?
Yes, that's what | said.

| wanted to try to get an
docunent that's in the
9, alpha delta, A-D. Do you
Yes, | do.

Page 6, upper right-hand

in the center of this page is

it in proper context, this is a

telex in response to an inquiry brought regarding an

i ncident involving a 747.

CHAI RVAN HALL:

apol ogi ze.

MR SCHLEEDE

VWhat exhibit is this? |

Ni ne al pha delta. Thi's
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correspondence i s Boeing correspondence, custoner
correspondence. It's in reference to an incident
involving a Boeing 747-400 at Hethrow that's in Exhibit
9-Q

My question has to do with item 6 where the
guestion was posed by the investigating team and Boei ng
docunented the reason for |lack of markings on the
primary and secondary slides. Thi s assunes Boei ng
mai ntains that a jam caused the incident. Now |'m
aware that that was one of the earlier theories of that
i nvestigation and was dismssed |later that a jam
occurred.

My question has to do with the reply to this
questi on. It says microscopic marks on the slide and
servo parts are typical of those seen on in-service
parts. Intentional valve jam chip shear tests
previously done at Boeing with nitroloe slides and 52-
100 sleeves with various contam nant materials, showed
no marks with chrome or hard materials, but showed a
smear with soft materials, such as |lock wre.

This may be unfair to you, but have you seen
this before, this particular docunent?

THE WTNESS: Well, the first tine | had seen

it was this week review ng the exhibits.
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MR.  SCHLEEDE: You testified that during this
investigation, you' ve tried to research. You' re aware
of earlier chip shear tests done at Boeing, but you
were unable to find the docunents. Have you got any
expl anation for this which differs significantly from
the tests that were done in Decenber?

THE WTNESS: Well, the explanation | have
for this is that this is a response witten by a
service engineer. W have comunicated with one of the
proj ect engineers on this, and he thinks that possibly
there was sone m scomuni cation between the project and
the service engineer. \Wat really is the case is not
really what got printed and sent out. That is
sonmet hing that we would have to further investigate to
know what the answer is, though.

MR,  SCHLEEDE: Do you know if any of the
Boeing witnesses that are comng up later can enlighten
us on that?

THE W TNESS: | don't think so. Most of the
wi tnesses here are out of the Renton D vision. Thi's
pi ece of paper cones out of the Everett D vision.

MR SCHLEEDE: That's all the questions |
have, M. Chairman.

CHAI RVAN HALL: M. Laynor.
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MR, LAYNOR M. Cine, I'll try to be brief
al so. In the beginning of your testinony, you talked
about your participation in the exam nation of the PCU
of f of flight 427. You comented that you prose things
in the position and then x-rayed the unit and did
i nternal exam nati ons. Can you briefly describe, first
of all, what did you find? D d you establish what
position the piston rod was in fairly conpetently and
tal k about the valves and internal conponents?

THE W TNESS: Yes, | can establish fairly
confortably where the piston was at the tinme of inpact.
There was sone -- of course, the piston was bent and
there was a |lot of danage created by doing that. So
there was some inpact nmarks on the rod relative to the
mani fold and the in-glands and the bearings that
support that piston.

By doing a CATIA | ayout of the damage and a
CATI A layout of the installation, | could shift the
position relative until | got it a good match between
the inpact marks and the itens that would have caused
t hat inpact mark. That shoul d about a 2 degree right
rudder position at the time of inpact.

One thing | can say, however, though is that

fromthe photos |I've seen and fromtalking with the
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people that were at the accident scene, it doesn't seem
i ke enough care was taken to handl e those conponents
carefully on the accident scene. |'ve seen videos and
pi ctures of people wal king on those kinds of
conponents, wal king on the surfaces.

| understand it's hard to get around there,
but if in the future if anything can be done to help
preserve as nuch as possible at the accident scene, it
hel ps. In this case, it didn't hurt anything, but it
could help imensely in the investigation afterwards.

MR LAYNOR Vell, we tried. How about the
internal conplenents, bypass valves and springs, the
yaw danper pistons and such, were they all pretty nuch
intact and were you to expect themto be?

THE W TNESS: Yes, they were. W didn't x-
ray the bypass val ves because they are buried around a
| ot of mass. You can't get a good x-ray of those. W
did x-ray the yaw danper piston. It was detented, as
you woul d expect.

W x-rayed the servo val ve. The secondary
slide was detented, as you would al so expect. The
primary slide, although we can't tell exactly where it
is, it was sonmewhere very near neutral

MR LAYNOR: Was the feedback nechani sm
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intact?

THE W TNESS: The feedback mechani sm was bent
because of the piston rod being bent.

MR, LAYNOR The next area, on the chip shear
test that you discussed, you said that l|arge particles
on the order of perhaps 15 tines what you woul d have
seen in the contamnant in the accident airplane, in
the sanples, do you believe that those tests were
necessarily representative of what you would have seen
on the valve slide had it been jamred by smaller
particles, 30 to 100 m crons perhaps?

THE WTNESS: W haven't conme up with a
mechani sm yet that small particles can jam the slide.
My answer to that would be between the particul ate
tests and the chip shear tests, we feel very confident
that we represented that.

MR, LAYNOR In the particulate test and |
assune by that you're talking about the tests that were
conducted just very recently that you showed the slides
on?

THE W TNESS: Yes.

MR, LAYNOR | think in response to M.

G ark, you described a cycle and I was wondering

whet her a cycle was a PCU piston rod full travel or
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whether it involved full travel of both the primary and
the secondary slides and the servo valve?

THE W TNESS: The answer is both. W stroke
the piston very close to full travel and we varied the
input rate. Primary and secondary slide position is
only a function of commanded rate. So we varied the
rate purposely so that we did get a difference in
commanded position of the slides.

MR, LAYNOR Was that acconplished by | oading
the piston rod of the PCU?

THE W TNESS: No, that was acconplished by
just changing the rate of the input device. It went
through -- it was on a ten cycle spectrum It went
through nine Iow rate cycles and one high rate cycle

MR LAYNCR You can beat the servo or was
there any feedback group associated with this?

THE W TNESS: Yes, there was.

MR, LAYNOR You can beat the servo when it's
unl oaded?

THE W TNESS: Sure. It can only go 66
degrees per second and no | oad. So if you apply
anything greater than that, you're going to exceed its
rate.

MR LAYNCOR Was the slide friction neasured
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for the primary and secondary slides follow ng that
test or any tinme during the test?

THE W TNESS: It was neasured at the
conclusion of the test at the PCU top assenbly | evel
like you would do during the force versus input test.

MR, LAYNOR What were the findings, just
bal | par k?

THE W TNESS: They were greater. | don't
have the nunbers. But the thing to keep in mnd is at
the PCU | evel when you're noving and it's not powered
hydraulicly and you' re noving the input, you re noving
the slides as well, but you're noving a |ot of bearings
in there. As you saw from the pictures, those bearings
were sl edge up and that added to the force.

MR, LAYNOR I thought the slide friction was
measured by putting a force directly on the primary and
secondary slide?

THE W TNESS: It is at the servo |evel.

MR LAYNCR W didn't do that?

THE W TNESS: Not to ny know edge. | wasn't
-- this test was finished up on actually the
di sassenbly of the conponent was finished up on Friday.
I was traveling here at that point in tinme.

MR, LAYNOR Then ny next question was, you
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showed the danage to the slides caused by the
i mpi ngenent of the particles. Wre the slides exam ned
under nagnification for any damage that mght be
consistent with jamm ng during any portion of the
tests?

THE W TNESS: | don't know the answer to that
either, because | wasn't at the tear down. There's a
57 mnute video, though, if you want to watch it.

MR, LAYNOR Vell, |I'msure the test report
that we haven't yet received, but will receive, wll
include that kind of exam nation.

THE W TNESS: Yes, it wll.

MR, LAYNOR How many cycles were put on the

PCU?

THE W TNESS: Sonet hi ng over 5,000, shortly
over 5, 000.

MR, LAYNOR Do we have any idea what that
woul d be -- how that would be represented in terns of

flight hours perhaps, normal operation?

THE W TNESS: I don't have an exact nunber,
but it's not very many flight hours. The yaw danper is
active on the -- as long as the yaw danper is on, it's

putting in quite a few cycles per flight.

MR, LAYNOR Perhaps this is a question for
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M. Wite, but on disassenbly of parts, have we ever
seen damage to the slides representative of the danmage
that you saw on those tests?

THE W TNESS: Not on this conponent |
haven't.

MR, LAYNOR | mean, disassenbly of parts
that have been in service for a long tine?

THE W TNESS: | haven't, no, and not on this
conponent . On ot her conponents, we've had this kind of
damage.

MR LAYNOR: That's all the questions | have.
Thank you, sir.

CHAI RVAN  HALL: M. dine, | think what the
Chairman is going to do is continue with you here for
another ten or 15 mnutes, and we'll still take our
hal f hour |unch break. The flight is at 3:307?

MR, RUNKEL: Yes.

CHAI RVAN HALL: How | ong does it take to get
to the airport?

MR, RUNKEL: Hal f hour

CHAI RVAN  HALL: So M. dine has been here
since 8:30. In fact, the Chairman just has a few
guestions that are not technical in nature, at |east

depending on the definition of technical, | guess.
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How long did you say, sir, you have been with

Boei ng?

THE W TNESS: Four and a hal f years.

CHAI RVAN HALL: Four and a half years. HOW
long -- 1 had this question. How | ong has Boeing built
the 737?

THE W TNESS: Since 1966.

CHAI RVAN HALL: Si xty-six. This particul ar
aircraft was nmanufactured when, do we know?

THE W TNESS: | don't recall. I think it was
the late '80s.

MR HAUETER In 1987.

CHAI RVAN HALL: In 1987. Now if | understand
what's transpired up to this point, we basically have
two accidents that have some simlarities. One row
right and one row left. W have a situation that we
don't have a flight data recorder that gives us a |ot
of information or any information on rudder novenent.

Ri ght ?

THE W TNESS: R ght.

CHAI RVAN HALL: But what we do have is based
on all of our simulations and tests no one, the experts
at Boeing and el sewhere -- and | don't ever want to get

in a situation -- but characterize that that there is a
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real possibility that there was a rudder novenment in
regard to this accident flight. What I'mtrying to
ascertain is how long has this particular rudder and
this hydraulic system been on that plane? Since the
very beginning or has it been -- is that the sane
rudder that was there in 1967?

THE W TNESS: It's the sane rudder system
yes. The particular rudder PCU that was on the
ai rpl ane had been put on in '92.

CHAI RMAN HALL: Has there been any changes to
it, substantial changes since the initial design?

THE W TNESS: Not what you would cal
substantial, no. In fact, a PCU, an early PCU, if
there are any still out there, you can install it.
They' re i nterchangeabl e. You could put it on a brand
new airpl ane.

CHAI RMAN HALL: This particular PCU do we
know when it was manufactured? As Parker Hannifan
woul d you have that information?

THE W TNESS: It's in the record.

CHAI RVAN HALL: It had been in for service --
well, 1'Il get into this with M. Wite then. When t he
particular PCU we're tal king about when it was

manuf actured and what its service history was --Now
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this certification test, special certification, the FAA
and M. Dorner are involved in, have you been involved
in that as well?

THE W TNESS: Yes, |'ve been called to their
CER team reviews to answer questions.

CHAI RVAN HALL: | assunme we'll find out when
the FAA is going to have a report later in that special
certification, as well. How nmuch testing has been done
in the last years or has this particular incident just
precipitated all this testing of this particular unit?

THE W TNESS: There's been a lot of testing,
to nmy knowl edge, that started on this conmponent in the
summer of '92 when the Mack Mbore situation cane up. |
think there's been a steady stream of tests perforned
si nce then.

CHAI RVAN HALL: Since that period of tine.
And the nodification that was put in that we now have,
either you have it nodified within a five-year period
or you test every 750 hours, are you famliar with the
tests that are supposed to be conducted every 750
hour s?

THE W TNESS: Yes, I'mfamliar with it.

CHAI RVAN HALL: Wiat do they do?

THE W TNESS: In sinple ternms, they provide
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very fast and full rate inputs to the rudder while
they're nonitoring the rudder's position and interna
| eakage, using a clanp and using the punps.

CHAI RVAN HALL: If there was a mal function
how woul d you know it jamred or stuck or what would
tell you that there was a problemwth that unit?

THE W TNESS: If you're having a problemwth
that particular PCU, it would manifest itself in
several ways. It could stall the pedals or you would
feel a bunp on the pedals or you would feel erratic
notion of the pedals. Your internal |eakage m ght also
go way up.

CHAI RVAN HALL: Since they started that
testing, have there been any problens with any of the
particular PCUs that you' re aware of?

THE WTNESS: No, there's been a lot of PCUs
renoved because of that testing, but that's part of the
nature of the testing we renoved. To be a little bit
on the safety side, we renoved units that really don't
have problens. And none of the units we renoved have
had a confirnmed servo val ve probl em

CHAI RVAN HALL: Do they go to you or to
Par ker Hanni fin?

THE W TNESS: They would go to Parker
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Hanni fi n.

CHAl RVAN HALL: Are they rebuilt and returned
to service, or what has been happening to those units,
do we know?

THE W TNESS: In nost cases, the operator has
witten up a report about it and they want to know the
what's, where's and why's. So we usually neet them at
the overhaul facility, Parker's overhaul facility, and
go through the testing with themand try to see if we
can find anything. If we don't find anything, which
nost cases we haven't -- in all cases, we haven't --
the servo valve is retrofitted and put back in service.

CHAI RVAN HALL: well, I wll look forward to
the testinony from Parker Hannifin, M. Wite. T
appreciate M. Wite being willing to let the
representative from Dowy precede himin the ordie of
things. W wll continue after a half hour |unch
br eak.

(Whereupon, a lunch break was taken.)

CHAI RVAN HALL: If we could get everybody
back in, we'll call the next wtness. The hearing wi.l
cone back to order. Qur next wtness, as soon as the
Chairman finds his correct nane and title, is M.

Manfred Runkel . He is the vice president of
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Engi neering with Dowty Aerospace in Los Angeles,
Cal i forni a. Wl come, M. Runkel. | appreciate you
being here and M. Schleede w Il begin.
THE W TNESS: Thank you for accommobdati ng ne.

(The witness testinony continues on the next

page. )

MANFRED RUNKEL, VI CE PRESI DENT, ENG NEERI NG DOMY

AEROSPACE, LOS ANGELES, CALIFORNIA

VWher eupon,
MANFRED RUNKEL,

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 foll ows:

MR, SCHLEEDE: M. Runkel, would you give us
your business address, please, for the record?

THE W TNESS: It's 1700 Business Central
Drive in Los Angeles, California. The conpany is
call ed Dowy Aerospace, the Los Angel es Division.

MR SCHLEEDE: What is your position at
Dowt y?

THE WTNESS: Vice president of Engineering.
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MR SCHLEEDE: How | ong have you held that
position?

THE W TNESS: Rel atively briefly. Si nce
Cct ober of l|ast year.

MR SCHLEEDE: How | ong have you worked for
Dowt y?

THE W TNESS: That's it.

MR, SCHLEEDE: Could you give us a brief
description of your background or education that
gualifies you for your present position?

THE W TNESS: I was educated in Cermany.
I'"ve got an equivalent of a bachelor's in nechanica
engi neeri ng. | came to this country in '67. Been
working with aerospace hydraulics since then
Initially at Boeing and then subsequent at severa
ot her supplier manufacturers.

I"'mfamliar with design and have desi gned,
eval uated, tested conponents |ike we've discussed
earlier.

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

MR PHI LLI PS: Good afternoon, M. Runkel
In your position with Dowy, could you briefly describe

sone of your day-to-day responsibilities at Dowy?
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THE WTNESS: Well, they consist of managing
t he engineering departnent, all the aspects involving
original design concepts through the detail design
phases, analytical testing, et cetera, and including
eval uations of products, field problens that may cone
up.

MR PH LLIPS: Wat kind of conponents does
Dowty manufacturer?

THE WTNESS: We nake servo actuators. W
make conpl ete systens. W have one fly by wire system
flying on the turbo prop. W nake -- systens and
conponent s.

MR, PHILLI PS: So do you nmake an actuator?

THE WTNESS: Absolutely, yes.

MR PH LLIPS: Actuator simlar to the main
rudder PCU?

THE W TNESS: Yes.

MR PH LLIPS: Are you famliar with dua
concentric valve design and principles of that design?

THE W TNESS: Yes.

MR, PHILLI PS: | understand you're involved
with the Society of Autonotive Engi neers?

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

several years now, |'ve been chairing the servo valve

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



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

735
and actuation panel for the SAE A6 conmittee. The A6
committee is a part of the aerospace council of the
SAE. Qur charter is essentially to review standards,
generate new standards, dissem nate technica
information anong all the people in the hydraulic
aer ospace associ ati on.

MR, PHILLI PS: So that commttee is nmade up
of other manufacturer representatives?

THE W TNESS: Yes, the representatives are
all the prine manufacturers, the system manufacturers,
t he conponent manufacturers, subsystem manufacturers,
down to the fluids.

MR. PH LLIPS: Wat's the product of that
conmittee? Do you wite reports, make presentations?

THE WTNESS: W neet twice yearly. W
generate mnutes of the neeting. That consi sted of
stand up witing and reviewing activities. That al so
consi sts of making technical presentations anongst the
group. It's usually attended by about 200 to 300
peopl e.

MR. PH LLIPS: As part of the activities that
are involved in that commttee, do you deal or have you
dealt with hydraulic fluid contam nation and could you

give us a brief description of your experiences wth
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contam nati on?

THE W TNESS: Li ke I nentioned before, |
chair the servo valve and actuation panel. -- where it
utilizes off the hydraulic fluid, wth the
contam nation effects that are inherently in the
fluids. W do have parallel contam nation panel, but
they are primarily chartered with establishing the
filtration systenms and the filtration requirenents. |
woul d say as a user, we discuss and el aborate on
contam nation effects on servo valves and actuators in
particul ar.

MR, PHI LLI PS: In your experience, do
particul ates and contam nation affect the performance
of servo valves?

THE W TNESS: If they're held within [imts,
they don't show any effects. | mean, there is no way
that you get particulates out of fluids. They are
t here. They're constantly produced in the whole
equi prent primarily, punps and notors, satellite notors
that are in the system There are al so generated
either during the manufacturing process and not
conpl etely being flushed out. That's al so
cont am nat i on.

Every tinme the system gets opened up, chances

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



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

737
of contami nation is there.

MR PH LLIPS: Wen a manufacturer is
designing with concern towards particul ar
contam nation, what are sonme of the options that they
have to control the effects of those particulates in
t he val ve?

THE WTNESS: Well, you' ve seen a couple of
incidents in the previous presentation. There is the
particularly placed small filters upstream of the power
package unit. Typically we'll have one upstream of the
servo valve or transfer valve of its |load supply. YQU
will also have an upstream of the ports thensel ves.

So this is like a last chance filtration,
because typically you rely on the main filters in the
hydraul i ¢ system They were also nmentioned earlier.
There's a typical air filter on the pressure side,
whi ch makes sure the fluid comng down the line is
cl ean. The 50 microns is a typical nunber for the
conmmercial airliners.

The punp is protected in two ways. There's a
case train filter that picks up the case and nost of
the particles are generated there. It's filtered at a
25 mcron level before it gets back to the return |oop

And then before the fluid hits the reservoir, there's
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another 25 mcron filter there.

MR, PHILLI PS: So then the systemis fairly
dependent on its filter performance to clear out the
particul at es?

THE W TNESS: It's depending on the filter
perforns itself, but it's also very nuch dependent on
t he mai nt enance. If you let dirt accunulate in the
filters longer than recommended or necessary or
desired, then you'll end up with a dirtier system

MR, PHILLI PS: In your experience have you
seen anyone's particular type of contam nate, either
particul ate or chem cal adversely affect servo val ves?

THE W TNESS: I"ve got to go back way, way
back, all the way to the introduction. For a coupl e of
years there was a phenonenon or erosion of severa
val ve edges and significant efforts were undertaken
there to get this under control. But that phenonmenon
is no longer with us. So this is the only area that |
remenber where we had netering edges being eroded by
the fluid, not necessarily related to contam nants.
This was probably nore of a chemcal issue than a fluid
or contam nant related issue.

MR, PHI LLI PS: In your experience, are you

famliar with any servo valve, problens wth
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particul ate contamnation that results in jamm ng of
t he val ve?

THE WTNESS: No, | don't know of any case.
The servo valves utilized on the comercial airlines
are sonewhat nore contam nate tolerant than servo
valves utilized on different equipnent, in the mlitary
for one. In as nuch as the type of the jet pipe valve
has a significantly |arge opening. | believe it's
sonewhere around 125 microns or thereabouts. So it
will pass even the nobst |argest particulates. It
devel oped itself as also one nore filter built into the
val ve itself.

MR PHI LLI PS: In listening to the earlier
testinony in this hearing, have you heard any
di scussion or description that you would determne to
be detrinental to the perfornmance or operation of the
servo valve we're tal king about?

THE W TNESS: | would imagine if you put
contamnates in 50 tines the value that's been observed
in recent cases, yes, it would probably have
detrinentation, but | have not ever encountered a
situation like that, that was utilized for this test
case, the accel erated devi se.

MR PH LLIPS: Are you referring to the
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di scussion this norning with the Boeing contam nation
test?

THE W TNESS: Right, exactly.

MR, PHILLI PS: Do you have any conments in
general about the discussions with the chip shear
testing that was discussed this norning?

THE W TNESS: No, not really. I think they
are very much verified a study that the Air Force
conducted about three or four years ago. ["mnot quite
sure. Maybe a little longer where the simlar effort
was being done to determ ne the optimm of a m ninmum
chip shear force that would be required for particulate
val ves.

MR PH LLIPS: \Wat are sone of the design
considerations given to a servo valve with regards to
chip shear capability?

THE W TNESS: | believe on the typical
hydraulic servo valve, it probably generates about 80
pounds. And 100 pounds, 50 pounds, those are typica
nunbers.

MR, PHILLI PS: Is there any kind of
specification or design guideline that you' re aware of
that defines or controls mnimumlimts of chip shear

capability?
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THE W TNESS: Yes, there have been sone of
our custoners that have generated specification and
that cones again fromthe mlitary side where a
different type of servo valve is now enployed. Were
the electromagnetic acting directly on a spool
obviously does sonmewhat limt in the force capability.

So the way the chip shear force is specified
now i s you have to denonstrate that a wire, nusic wre,
whi ch has pretty nmuch high strings for it, placed into
the bigger slot will be overconme by the device. They
are also saying you're allowed to have a restoring
spring force to overcone that.

So that is the only specification that | know
that is very specifically ties a chip shearing to a
typi cal valve. Normal |y, the custoners put in
historical values and say okay significantly, maybe
around 100 pounds.

MR, PHILLI PS: Is there any -- in the design
or consideration of chip shear capability, are there
any specific tests that you' re aware of that take in
consideration materials that the valve nmay be presented
w t h?

THE WTNESS: No, |I'm not aware of specific

test requirenents.

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



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

742

MR, PHILLI PS: Could you briefly describe
related to your experience, the effects of particular
contamnation as it relates to increasing NAS 1638
grades or levels? And nore specifically, as a genera
guideline in your experience, is there a class that
provides a basis for nost servo valve, a mninum grade
for servo val ve design?

THE W TNESS: Typically, we deal with classes
6, 7, 8, somewhere in between there. Those are
typically the ones that are recomended, that are
specified by our custoners. That's about little worse
than the fluid when it gets delivered. I think it can
get delivered in a class 5 to 6. Tests are being
mai ntai ned at about a class 8 |evel. So typically the
i ndustry or the manufacturing site deals with a class
8. I think also Boeing delivers themto a class 8 or
better.

MR PH LLIPS: W wll have sone testinony
|ater on then as regards to what those classes nean and
t he nunbers invol ved. In your experience, if you
exceed class 8, class 9, is that any indication that
you woul d have a fai lure or would expect a fai lure to
t he conponent ?

THE W TNESS: I think in nmy experience, |
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woul d classify it as the dirtier your system the
shorter your conponent life is. That is basically a
statenment based on the fact that you either have
abrasion or you have accunul ation of those particles
that are floating around.

Abrasion, you have seen this norning very
vividly of what happened if you do it under high
pressure. You have like a jet stream bl ow ng sand by.
Any netal gets in that way. Wth this happening, you
| ose your performance of the servo. Your pressure
gains go down. Your internal |eakage increases. That
neans, you're punping nore fluid around it. [t's not
doi ng anyt hi ng. You' re putting nore heat in the
system Eventual ly you have to pull these units out.

MR PH LLIPS: Wuld this indicate that you
woul d expect a performance problem with the system
before you would find a loss of control ?

THE WTNESS: Ch, definitely. W would not
| ose | oss of control. You rmay | ose the crispiness.
You may have nore perceived dead bend.

MR PH LLIPS: Wuld it be obvious to a
manuf acturer on an overhaul or a shop visit that the
unit had been operated in contam nated hydraulic fluid

THE W TNESS: Yes, by close exam nation of
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the nmetering edges, you could also know how |long the
unit has been out in the field. You could say it wll
probably come from a contam nated system More likely
than not, you may be taking a sanple anyway.

MR. PHI LLI PS: Does that provide a fairly
guantitative value for the wear of the systenf

THE W TNESS: I wouldn't go so far to put
nunbers.

MR, PHILLI PS: Dowy Aerospace is the
manuf acturer of the standby rudder actuator for the
737. Are you famliar with the design and the
exam nations of the USAir unit?

THE W TNESS: In principle, but not in
detail .

MR PHI LLI PS: One of the issues that was
di scussed in earlier testinony was the concept of
gal l'i ng. Could you give us a brief description in your
terns and in your know edge what galling is and what it
does to a conponent?

THE W TNESS: Every time | talk to sonebody

about galling, | get seldomin agreenent, | guess, what
exactly is galling. But what | would classify galling
is a metal transfer from one surface to another. [t's
an irreversible process. It will go on. It builds up
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gradual Iy agai nst being operated, and it happens
typically between sliding phases. It doesn't happen
bet ween stationary phases or oiling phases. You have
di fferent phenonenons.

The one positive aspect about this incident
is that we tested the unit afterwards and have net the
original equipnent test limts and operating force
which are a direct neasure of the resistance that
galling may provide the alternator |evel. | cannot
i magi ne the scenario where there should have been
hi gher galling and all of a sudden it's free. That to
ne, in nmy experience, has never happened.

I'"ve observed galling on spools and sl eeves
or 440-C agai nst 440-C. Once they're galled, you're
not going to get them apart except to use very high
forces. And then after you ve done this, you'll never
be able to get the parts back together. So this is an
enigma to ne.

MR, PHILLI PS: So as general design
guideline, you would want to put hard surfaces agai nst
hard surfaces, and soft surfaces against soft surfaces

THE W TNESS: Yes, you want sonme difference
t here.

MR, PHI LLI PS: Coi ng back to servo val ve
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design and possibly relate it to galling, we've heard
sone testinony of clearances in the order of mllions
of an inch and very small particle size as far as
contam nants go. Wat purpose is served by
manuf acturing or designing parts with such close
t ol erances?

THE WTNESS: Well, wusually you have to neet
| eakage requirenents. If you nmake very light tolerance
bands, you won't be able to neet a | eakage
requiremnents. W also will not get good control valve
performance, because you have nore fluid blowing by the
nmeteri ng edges than going through the netering edges.
So there is the natural limts. You try to keep it as
tight as possible.

CHAI RVAN HALL: M. Phil_lips, coul.d we
explore just very briefly? You say to have gall and
you get hard and soft netal. Is that correct?

THE W TNESS: NO. In order to avoid galling,
you want to nake a difference between the netals.

CHAI RVAN HALL: What's that again?

THE W TNESS: In order to avoid galling, you
want to have a different netal

CHAI RVAN HALL: Now what do we have in these

valves? Are they hard and soft or are they hard 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

747
hard netal s?

THE W TNESS: I don't know if | have the
right metal callers. | believe one is 440C The ot her
one is a 416 stainless steel which is significantly
softer than a 440.

CHAI RVAN HALL: So you have the hard and
soft?

THE W TNESS: Conbi nation |ike that, yes.

Now don't hold nme to this. That is one of the details
that |'m not sure of.

MR, PHILLI PS: That is sonething we can
provide additional information on in the report.

THE W TNESS: I"msure it's been recorded.

CHAl RVAN HALL: We've had a | ot of
conversation about galling, and we're talking about
this particular valve. W're talking about specific
net al s. It would be hel pful for ne and nmaybe for
others to know whether those two different netals that

we're tal king about whether they're the hard and the

soft or the hard and the hard. W' ve got sone experts
here. I want to take advantage of it and find out.
Proceed.

MR, PHILLI PS: Thank you. | guess one

question, one final question, in regards to in-service
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difficulties, such as galling or perfornmance that
i nvol ves your conponents, what would be the process
that would be used to correct a design deficiency if
one was noted? How would a problem be reported to you
and how woul d you go about naking a change?

THE W TNESS: There are two ways that | would
find out about this. One way woul d be through our
organi zation or direct feedback from the airline. Mor e
often than not, it cones from the Boeing organization
They are the ones that collect many nore inputs for any
service problens. They are the ones that get notified
first. If there is a trend perceived at Boeing, they
will contact us.

Then we will work closely with Boeing to
investigate why is this happening, what's happening,
and to nmake sure we understand totally the environnent
that it's working in, because before you go and | ook at
a redesign of a 30 year old product that's been flying
out there, you want to make sure you do an inprovenent
and not stepping back.

MR, PHILLI PS: Is there a regular product
i mprovenment program that you have in place for this
standby rudder actuator?

THE W TNESS: That's difficult to answer.
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Let's phrase it this way, we're working very closely
with Boeing to review the situation. If we should
determine that there is an inprovenent possible, |I'm
sure we would support it.

CHAI RVAN HALL: Well, be nore specific. Wat
have you done since the accident in Col orado Springs?

THE W TNESS: Since this was ruled not to be
a cause, at |east to our understanding, other than
| ooking at the design the way it currently is and
trying to understand what's going on, we have not gone
forward to ook at the different options. W have an

upcom ng neeting w th Boeing. The purpose of this is

to review this one nore tine. That will be happening
shortly.

MR, PHI LLI PS: | guess to answer your
question, M. Chairman, |'m unaware of any design

changes since the Colorado Springs accident.

CHAI RVAN HALL: The question was not just
desi gn changes. The question was has Dowty sat down
wi th Boeing since Colorado Springs?

THE WTNESS: Ch, definitely.

CHAI RVAN HALL:  Wiether they've got sone
galling on the standby? Am | correct or incorrect?

THE WTNESS: W have supported all NTSB
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activities at the fullest. W were present at any of
the tear downs of the actuator, any of the testing of
the actuator. | didn't know that that's what you were
asking for.

CHAI RVAN HALL: No, that's what | was asking

THE WTNESS: OCh, definitely, yes.

CHAI RVAN HALL: Wiat has taken place since
t hen?

THE WTNESS: W' ve been not quite as active
as our colleagues at Parker, but certainly we supported
fully whatever was asked of us to do in conjunction
with this investigation.

MR PH LLIPS: Are you aware of any pending
changes regarding the standby actuator?

THE W TNESS: I"m not aware of any pending
changes. I"'maware that we want to look at it and see

if there is a change that would be beneficial.

MR, PHILLI PS: I have no further questions at
this time.

CHAI RVAN HALL: Do the parties have any
guestions? | see one hand. | want to be sure.
Monsant o does not have any questions. Al right. The

only hand | see then is the Boeing group, John Purvis.

MR PURVI S: Thank you. M. Runkel,
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regarding erosion, would you differentiate between the
el ectrochem cal erosion that we had several years ago
and the erosion that you maybe saw on the earlier
exhibits on the Boeing accelerated particle tests?

THE WTNESS: Yes, nost definitely. I woul d
make a differentiation. | seemto recall pictures on
the chem cal erosion where not just the edges were
eroded, but you could see a partway of the mddling
slots on the side of the spools and slides. So those
are different appearance.

MR PURVIS: And a different mechani sn?

THE WTNESS: Yes, | believe so, but don't
ask ne the details on that.

MR PURVI S: Coul d you al so please el aborate
on the Air Force chip shear study? Specifically, did

the chip shear |eave marks on the slide or the spool?

THE W TNESS: I cannot answer that
positively. | don't know.
MR PURVI S: Thank you very nmnuch. I have no

further questions.

CHAI RVAN HALL: Thank you. M. Marx?

MR MARX: M. Runkel, have you see the input
shaft and the bearing from the accident airplane?

THE WTNESS: No, | have not seen it.
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MR MARX: Have you had a chance to | ook at
t he exhi bit nunber 9-B?
THE WTNESS: Wi ch page?

MR MARX: Wll, you can |ook at page 4, 5,

THE W TNESS: Yes.

MR MARX: You had a chance to | ook at that
bef ore?

THE W TNESS: Yes.

MR MARX: Coul d you give ne your opinion as
to what would have caused this type of wear danage or
galling that's on the shaft?

THE WTNESS: Well, 1 cannot give you an
opi nion, because | don't understand it.

MR MARX: You al so nentioned that there
wasn't any design changes. But are you aware of the
fact that the unlubricated portion of the shaft has
been reduced in dianeter throughout a design change?

THE W TNESS: That happened a few years, is
that not true?

MR MARX: Yes, it is. As a result of
Col orado Springs, | think the safety board woul d out
with a reconmendati on about the fact that this reduced

di aneter should be maintained on -- do you know the
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reason for the reduced dianeter on that?

THE W TNESS: | don't know. Coul d you tell
me?

MR MARX: Al right. You don't know.

MR MARX I have no questions.

CHAI RVAN HALL: M. dark?

MR CLARK | have no questi ons.

CHAI RVAN HALL: M. Schl eede?

MR SCHLEEDE: Just one area |I'mnot sure if
you were asked. Do you have any know edge of any jans

or frozen control valves in the standby rudder
actuators for the 737 service history?

THE W TNESS: Yes.

MR, SCHLEEDE: Coul d you describe that?

THE W TNESS: Yes. In Decenber, | was in
Seattle | think at the same tine when an EQA was
conducted at the unit returned from British A rways, if
| renenber correctly. It was mentioned yesterday, it
was totally rusted.

MR, SCHLEEDE: How about prior to that?

THE W TNESS: NO.

MR SCHLEEDE: Any know edge of one prior to
that tine?

THE W TNESS: NO.
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MR SCHLEEDE: Wuld you in your position
know of those if there had been prior ones?

THE W TNESS: I would assunme that | would
have been tol d.

MR SCHLEEDE: The one area you did nention
here that you were aware that there was a need to | ook
at the design of this unit and that Boeing is |ooking
into this.

THE W TNESS: | don't want to say the need tc
l ook at it. I want to say maybe a desire to | ook at
it.

MR, SCHLEEDE: Do you know if there's an
active programto do that or M. Turner testified
yesterday that that was one area Boei ng was
consi deri ng.

THE WTNESS: Yes, we have a neeting pending
to discuss this. I would inmagine it will come up
wi thin weeks, very shortly.

MR, SCHLEEDE: So there's no proposal s at
this point? It isn't at that stage?

THE W TNESS: There are a couple of schedul es
that we generated and we stuck those in the mail |ast
week. It was to Paul Cine. He has not seen it.

MR, SCHLEEDE: Have you seen then?
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THE W TNESS: Yes.

MR SCHLEEDE: \What are they in regards to?
Are they in regards to the clearances in the input arm
shaft?

THE W TNESS: NO It is basically a
statenent, yes, this input arm bearing could be
designed differently. But before we settle on a
version of it, we need to understand exactly what is
going on with it.

MR SCHLEEDE: Thank you very nuch, M.

Runkel . I have no nore questions.

CHAI RMAN HALL: Yes, sir, let nme ask you a
coupl e of questions here. You-al |l manufactured the
st andby actuator?

THE W TNESS: That's correct.

CHAI RVAN HALL: Does that standby actuator
have fluid in it?

THE W TNESS: | hope so.

CHAI RVAN  HALL: CGood. Does it have filters?

THE W TNESS: NO.

CHAI RVAN HALL: No filters. Have you had
with that standby actuator -- again, the question is on
the netal, what type of netals interface and nove in

t her e?
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THE W TNESS: Coul d you repeat the question?

CHAI RVAN HALL: The input arm and what's the
other one, M. Schleede?

THE W TNESS: Beari ng.

CHAI RVAN HALL: And the control valve. Are
t hose hard and soft netals or are those hard and hard
netal s?

THE WTNESS: Yes, that's what | nentioned
earlier.

CHAI RVAN HALL: Have you had experience wth
galling as a problen? How common a problemis galling
and what woul d cause the galling in you-all's
experience, 30 years experience, with this standby
actuator?

THE W TNESS: | cannot speak for the 30 years
experi ence. I'"ve been told that occasionally we see
that which was pointed out earlier by M. Mrx. |
think some people call it netal transfers or snearing.
I cannot tell you how often we have seen it.

CHAI RVAN HALL: Is there a programif there
is a problemwth your standby actuator to detect the
probl ens and nmake nodifications or exactly is there a
procedure with your conpany to handl e those sort of

matters? |'m not | ooking for anything conplicated,
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sir.

I"mjust looking for a sinple situation. You
manuf acturer a part. You tell ne that the part has a
potential for a particular situation to devel op. Coul d
you tell nme if that situation devel ops, how you becone
aware of it and once you becone aware of it, what you
do about it?

THE W TNESS: If it is deenmed to be a serious
problem obviously we'll do sonething about it. The
way we do sonething about it is conjunction w th Boeing

CHAI RMAN HALL: Let nme ask you, have you read
the Col orado Springs' accident report?

THE WTNESS: Wiich particular one?

CHAI RMAN HALL: | ssued by the Nationa
Transportation Safety Board --

THE W TNESS: | believe | read --

CHAI RVMAN HALL: -- regarding the United
Airlines Flight 585?

THE W TNESS: Yes, | read sections of it.

CHAI RMAN HALL: Have you read the sections
that pertained to the servo valve and the standby
actuator?

THE W TNESS: You' re tal king about the servo
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val ve now or are you tal king about the input joint?

CHAI RVAN HALL: The standby valve, |'m sorry.
You have read parts of the report?

THE W TNESS: Yes.

CHAI RVAN HALL: My question then was what
actions, if any, did Dowy take on the basis of that
report?

THE W TNESS: | believe, and I'mnot 100
percent, that based upon that report was the change
i npl emented to reduce the outer |and, but sonebody has
to verify that.

CHAI RVAN HALL: NON what, again, is the
procedure then if something has to be brought to your
attention, then what is the next step? Get wth Boeing
or do you-all--

THE W TNESS: Yes, definitely.

CHAI RVAN HALL: -- independently --

THE W TNESS: No, we cannot do anything
i ndependent | y. Boei ng has approval right to our
desi gn.

CHAI RVAN HALL: Boei ng has what ?

THE WTNESS: Approval right.

CHAI RVAN HALL:  Approval right?

THE W TNESS: correct. W cannot nmke

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



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

759
changes like this on our own and we don't make changes
like this on our own.

CHAI RVAN HALL: Do you go to Boeing if there
are problens that you think that m ght be with the
parts you manufactured?

THE W TNESS: It's usually the other way
around. Like | stated earlier, it's Boeing that has
much nore visibility of what's happening out there in
the field.

CHAI RVAN HALL: So who services the part?

THE WTNESS: W do or authorized service
centers.

CHAI RVAN HALL: | guess ny question is if
you're servicing the parts, they're being sent to you,
and a problem-- let's just assune a problem w th
galling was identified, would you then go to Boeing or
woul d you wait for Boeing to conme to you-all?

THE WTNESS: We would certainly discuss this
with Boeing if we find a serious problem

CHAI RVAN HALL: Is there anything, sir, that
you think that would be helpful to this hearing that
you would like to add that would help the parties, help
the investigation, help the American public understand

what happened to this USAir flight?
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THE W TNESS: | believe that | amtoo new to
our product, the Dowty product, to render any
suggestions other than what |1've nmade so far. "' m not
that totally famliar with the rudder systemitself,
the conbined function of the standby rudder that's
going along for the ride essentially of nost of its
life and doesn't do anything with the main PCU.  And
how t he standby actuator noves when the yaw danper gets
exercised, | don't know the effects that it has on an
unpower ed rudder.

So | cannot add any nore than that. My pl an
is to discuss those things with the Boei ng Conpany.

CHAI RVAN HALL: Very well. W have notice
that you nmust |eave by 2:00 and we have you out of here
by 2:o0. So thank you.

THE W TNESS: Thank you very nmnuch.

(Wtness excused.)

CHAI RVAN HALL: The next witness is M. Steve
Veéi k. He is the senior engineer for Parker Hannifin
Corporation in Irvine, California.

(Wtness testinony continues on the next

page. )
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STEVE VEI K, SEN OR ENG NEER, PARKER-HANNI FI' N

CORPCRATION, | RVINE, CALIFORNI A

Wher eupon,
STEVE VEI K,

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. Wik, give us your full
nane and business address for the record, please?

THE W TNESS: Steven Charles Wik, Parker
Bertea Corporation, 14300 Alton Parkway, Irvine,
Cal i f orni a.

MR,  SCHLEEDE: How | ong have you worked for
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Par ker ?

THE W TNESS: Si xteen years.

MR SCHLEEDE: Was is your present position?

THE W TNESS: Proj ect engineer of 737 primary
flight controls, 747 primary flight controls.

MR,  SCHLEEDE: Could you give us a brief
description of your education and background prior to
reaching this position?

THE W TNESS: | have a degree in nechanical
engi neeri ng. | graduated fromU C. Irvine in 1979.
Hred in with Parker right out of school.

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

MR PHI LLI PS: Good afternoon, M. Wik?

THE W TNESS: Good afternoon.

MR, PHILLI PS: Could you give us a brief
description of organizationally what Parker is and
where your organization fits within the conpany?

THE W TNESS: There's two sides to our
division in ternms of control systens division. W have
an OEM side that deals with the airplane nmanufacturers
and then we have another side that's the overhaul
facility that deals with the airlines. | amcurrently

and have al ways been on the CEM si de.
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I am the technical lead on that side. My
position since 1986 has been a l|iaison for Boeing
Engi neering on their product to their part in our shop
t hat we manufacturer. | am also liaison to the service
side in comunicating with them and the technical side
of the products, since their priorities are towards
over haul i ng and servi cing. | provide technical
assi stance to their side.

My other responsibility is to provide the
assenbly and test area of our area, any assistance
needed in making the product to get out the door.

MR PHLLIPS: W've heard the nane Bertea
and Parker Bertea and Parker Hannifin. Coul d you
clarify to us who all those people are?

THE W TNESS: Sure. A little history |esson
is that originally it was Bertea. | believe that
started in the -- | should know better. But | believe
inthe early '50s. And Bertea Corporation was bought
out by Parker Hannifin in, | believe, 1978. At that
tine, it became Parker Bertea Corporation. It's caused
over the years sone confusion for a lot of people. So
recently in the last few years, it's been referred to
Par ker Control Systens Division.

MR, PHILLI PS: So when we address you, it
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woul d be Parker Controls Systens Division?

THE W TNESS: Tr ue.

MR PHI LLI PS: That woul d be nost
appropri ate. Were are your offices now?

THE WTNESS: W have an office in Irvine.

W also have -- actually, two offices. W have the OEM
office in Irvine on Alton Parkway. W also have the
Service Division on Irvine that is on Von Carmen. And
nore recently, we have a facility in Ogden, Ut ah.

MR, PHI LLI PS: In your position as an CEM
supporter, are you involved in the -- are you notified
when problens occur with your unit's in-service?

THE W TNESS: 'l describe the way our
operation works is the overhaul side, the service side
has two ways of hearing about an incident or sone sort

of anomaly or problem or just a maintenance issue.

One, directly fromthe airlines. They will call our
mai nt enance and head of nmi ntenance -- or excuse ne,
head of our overhaul technical side is M. Wilz. He is

contacted directly by the airlines or the people
wor ki ng underneath him of sonething.

The other way is through Boeing Service
Engi neeri ng. Ei ther of those two nethods are used to

provide us with accounts of maintenance issues or
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what ever .

MR, PHILLI PS: Do you have any kind of forma
trend nonitoring or program within Parker that tracks
returns and repairs?

THE W TNESS: Since 1986, | think we've been
formalized and up on the conputer. W basically --
when you receive a unit in fromthe airlines on the
overhaul side, it's gone through a functional receiving
test. That information is -- from that you can
determ ne what the discrepancy is or what perfornmance
paraneter it isn't neeting. That gets logged into a
dat abase that we have. It basically gives a serial
nunber

If we can get hours fromairlines, that's not
necessarily sonething that's easy to get. But we get
the unit. We do a functional test. W wite up
anything that is discrepant on it, and we record that
into our database. Now t hat database is used for
several purposes. One, to generate trends.

W have a policy that if you see nore than
three discrepancies of the same nature, for instance,
external |eakage, any sort of |eakage problens, binding
friction, we have probably about 25, 30 categories

descri bed of anonalies or problens.
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Wat we do is if we get three in 20, we send
a flag up and the engineer in charge at the overhaul
facility will go out and run a check. They have
engi neers on site. W have a trend report that's
publ i shed every nonth that gets over to nme as the
proj ect engi neer.

At that tine, | see it. If there is an issue
fromthe airline side or in the service side, then ny
job is to contact and have a discussion with the
systems group involved in the product we're dealing
with.

CHAI RVAN HALL: Excuse nme, G eg. If I could
ask a question here. This formw th the nunber of
mles on it fromthe airlines, how many mles the plane
has fl own. Is that what we're tal king about?

THE W TNESS: NO.

CHAI RVAN HALL: How many hours?

THE W TNESS: M. Hall, that's sonmething --
it's the airline's discretion if they're going to give
us hours on what the unit.

CHAI RVAN HALL: But doesn't the form you have
have hours on it?

THE W TNESS: It has -- | believe --

CHAl RVAN HALL: To fill in hours?
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THE W TNESS: | believe it has a place, but
that's sonething that's at the discretion of the
airlines.

CHAI RVAN HALL: Wiy is that at the discretion
of the airlines, just out of curiosity?

THE W TNESS: I can't answer that, sir.

CHAI RVAN HALL: It may not be anything nmajor.
| just happen to -- you were very nice and |let ne cone
tour your facility and | |ooked at the forns that were
on the actuators -- | nean, the units that were com ng
in, and | renenbered |ooking at the hours and noticing
t he hours. But what is required and what's not
required?

THE W TNESS: It's obviously very hel pful.

W do generate those. As | said, one of the issues is
for me, as a project engineer, on sustaining hardware.
However, we also use it to generate new design and we
use it in our reliability group and trying to use
nunbers when you see FEMA --

CHAI RVAN HALL: WII these units |ast
forever? |Is there a lifetime to themin terns of
years, mles, hours, anything, or can you just continue
to over and over again recycle then?

THE W TNESS: That's a good question. There
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is arule of thunb or general -- it's usually described
in the standards that we receive in the spec. A rule
of thunb that floats around in the industry and, again,
I"monly one person, but it's around 60,000 hours that
a unit is designed towards.

Now whet her or not we go through a
gualification testing on all units and it goes rather
severe testing and we get no where near that, we
usually deal in cycles and usually deal in mllions of
cycles when we qualify this unit. W consi der that
enough to neet the life requirenents. Desi gns are
al ways determ ned way above what the expected life is.

CHAI RVAN HALL: | appreciate that, but |
believe a lot of these aircraft are operating |ong past
their lifetine. Is that correct? The anticipated
l[ifetinme when they were initially manufactured?

THE WTNESS: M. Hall, | think I would like
to refer that question to the airlines. ["m not an
expert on that.

CHAI RVAN HALL: Go ahead.

MR, PHILLI PS: Backing up to the trend data
that we were discussing, what would be, in your
opi nion, one of the nore comon failures you would

expect to see a PCU comng in for these days?
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THE W TNESS: Specifically?

MR PHI LLI PS: I would just say if the first
thing that popped into the top of your head of why you
woul d expect a PCU to becoming into repair, what would
it be?

CHAI RMAN HALL: Isn't that information put on
a conputer and maintained? | nmean, do we have that
i nformation?

MR PH LLIPS: W haven't requested that
i nformation.

MR PH LLIPS: Wat | would like to do is get
sone feeling as to what you m ght guess would be the
nost common cause for a rudder PCU to be returned for
repair of any sort?

THE W TNESS: I think our nunbers show that
it's around or about 75 percent external seal |eakage
on the main ram seals. You have a requirenment of one
drop in 25 cycles, which is a standard of four drops in
100 cycl es of | eakage.

Seventy-five percent of the units on a PCU
rudder that cone in, | understand, that Parker services
about 30 percent of the marketpl ace. The ot her 70
percent is the airlines thenselves, other outside

third-party houses. Qur data shows that it's about 75
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percent of external, of the renoval reason for com ng
in to our shop is to replace the worn seals on the main
ram

MR PHI LLI PS: So once the unit is renoved
from service and cones into your unit -- or into
Parker, could you give us a brief summary of what woul d
happen as it would be processed in for -- say, for
instance, if the initial squawk was that it was |eaki ng

external ly?

THE WTNESS: W go right -- there's a couple
of ways of approaching it. If it's a severe squavk,
we'll usually go right to it and try to determ ne the

anomaly right off in hopes that earlier testing or
other testing wouldn't destroy the evidence.
However, the normis is we get a unit back in
and we usually perform the standard functiona
mai nt enance manual that Boeing referred to earlier
testing, which covers about 22 paraneters. V& run it
through that test. W basically record that data and
put it in file. Then based on what we find, we'll dc
repair work. We'll wusually notify the airlines and
then we' 11 do the repai ¥ work based on their approval
MR PHI LLI PS: You said earlier that about 70

percent of the units are being worked on by airlines
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rat her than Parker. Is that correct?

THE W TNESS: That's bal | park nunber, yes.

MR, PHI LLI PS: Bal | par k nunber. Do they
follow the sanme procedures that you do when you bring
it in for review?

THE W TNESS: | can't answer that.

MR, PHILLI PS: That's sonmething that is
wor ked out with Boeing then, the procedures they use to
overhaul their rudder PCU?

THE W TNESS: This is true. The over hau
manual is a standard for the rudder PCU

CHAI RVAN HALL: Just one quick question, and
| hate to keep injecting, but | like to follow this
| ogi cal ly. Do they conme in only when they need repair
or do they cone in on sone regular suggested interval?

THE WTNESS: Again, Chairman Hall, | believe
I would refer that to the airlines. The norm that we
see is either under warranty work or that they have
Sone squawk. Whet her that follows some routine check
the C-check or other.

CHAl RVAN HALL: Wiat kind of warranty do you-
all give if I go and buy nme one of these things?

THE W TNESS: I guess I'mgoing to have to

say that there is others at ny table that are nore
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versed in that. | really don't know.

CHAI RVAN HALL: Would anyone like to respond?

MR SIMMONS: W don't have that data here.
We can supply it later.

CHAI RVAN HALL: Al right. They are going tc
supply the information |ater. Pl ease proceed, M.
Philli ps.

MR, PHILLI PS: In regards to the main rudder
PCU design, the original design, could you give us a
summary of the genesis of that part, it's beginning,
how it was designed, by who tine frane?

THE W TNESS: | believe there's been sone
earlier testinmony on sone of the history on it, but
['ll give you ny best shot of it. Basically in the
late '60s, mid '60s, | believe nore closer to the md
"60s, Boeing was in a phase of designing the 37. At
the time, they were in need of engineers. Par ker, at
the time, Bertea actually, supplied engineers as shop
j obbers under the direction of Boeing Engineering.

The testinony given yesterday by M. Sheng
i ndi cated that he had |inkage design -- had designed
the linkage on the rudder PCU. W also know that this
design is on Boeing paper and is under the design

constraints of Boei ng Engi neer.
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Basically, Parker or actually Bertea supplied
j ob shoppi ng engi neers under the direction of Boeing.
Wen it went into production in the late '60s, 1967,
Bertea carried out the qualification and then
production of it since that tine. Basically that's
where we are.

MR, PHILLI PS: Does anyone el se manufacture a
mai n rudder PCU for the Boeing 737, to the best of your
know edge?

THE W TNESS: NO.

MR, PHILLI PS: Do they manufacture any
conponents for the PCU, sub-Ievel conponents?

THE W TNESS: | can't answer that.

CHAI RVAN HALL: Do we have how many have been
manufactured in the record?

MR PHI LLI PS: | don't know if we have a
total . We coul d get that.

THE WTNESS: W can give you that nunber. |
think a rough nunber that we're working off of in
regards to the airworthiness directive is roughly
around 2800, but it's well above that when it cones to
| ooki ng at spares and ot hers.

CHAI RVAN HALL: Do you currently manufacturer

new units?
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THE W TNESS: You bet.

CHAI RMAN HALL: How many do you put out a
year ?

THE WTNESS: Well, depending on how many
peopl e are buying 737s, the shipnent rate, at this
time, | think is around eight ship sets. A rough
bal | park nunber right now.

CHAI RVAN HALL: And what does one of them

cost or is that proprietary?

THE W TNESS: I would decline to answer that.
MR PHI LLI PS: | doubt that we could afford
one. In the eight units you speak of, are eight units

per nont h?

THE W TNESS: That's correct.

MR PHI LLI PS: That's dependent upon the
ai rpl ane manufacturer rate that would require a PCU
Is that correct?

THE W TNESS: Basically, it could be down to
one or whatever quantity is demanded by their
manuf act urer.

MR PHI LLI PS: In your experience, in your
position that you're in now, what significant changes
have you seen made to the PCU package, design changes?

THE W TNESS: There's currently 11 different
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configurations of this rudder. The only significant
change is are when we change from a dual yaw concentric
or dual yaw systemto a single yaw system and when we
change from 4 degrees, 2 degrees to 3 degrees. Those
are all in different configurations and you coul d
determ ne which configuration you re working wth.

Then later on -- and that was very early on
in the program the '70 tine frane, early '70s. Lat er
on, as | stated, external |eakage is nothing new to us
and it's been sonething that's kind of inherent on this
particul ar package.

W' ve been working towards trying different
seals through the different seal nanufacturers, have
worked with Parker and Boeing to try to address
premature or what we consider -- what we would like to
see as an extended wear on any of these seals.

So the last few configuration changes have
been based on seal changes and attenpting to reduce the
anount of external | eakage.

MR PHI LLI PS; How woul d external | eakage
af fect the performance of the package in relationship
to the airplane?

THE W TNESS: Ext ernal | eakage when you're

tal king about one drop in 25 cycles or four drops in
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100 cycles as we deliver it new and the service limts
go up a little bit, I think it doubl es. If you'll ask
the airlines, 1 think the airlines will say it's nore
of a nuisance.

The fluid used in these packages is BMs 311
and it's very acoustic to paint, human hands, skin,
what ever . It's not a very friendly fluid. In ternms of
performance, again, | think I would Iike to -- Boeing
woul d be the better person to answer that.

MR, PHILLI PS: | guess | could ask, are you
aware of any reported control difficulties of |oss of
control as a result of external |eakage?

THE W TNESS: To ny know edge, the | eakage
that we see is usually a nuisance. It's not considered
a performance probl em

MR PH LLIPS: Any other regards in your
experiences in this position, have you seen any ot her
changes to the package, design changes?

THE W TNESS: It's been stated in earlier
testinonies that we are currently in the process of
carrying out an AD. That AD is against the servo
val ve. That is probably the nost significant change
that we've gone through in the |ast 20 years.

MR PHI LLI PS: Did you participate in the
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early phases of that AD process that define the changes
that were required to the package?

THE W TNESS: Yes, | did.

MR PHI LLI PS: In regard to the accident
investigations of the Colorado Springs airplane, USATr
427 and the other United airplane we've referred to in
earlier testinony, were you involved in each of those?

THE W TNESS: Yes, | was

MR PHI LLI PS: Could you briefly describe
your involvenment in the Col orado Springs'

i nvestigation?

THE W TNESS: | first got involved in April
of '"91 at the Irvine facility, the overhaul Irvine
facility. The NTSB, United, and | believe the whole
systens group at that tinme, came to our facility or
came to the overhaul facility, and I was contacted to
support the technical end of it.

At that tine, | believe it's PCU serial
nunber 833, was brought in in severely burned and what
appeared to be inpact danaged state and was in several
pi eces, many pieces. There was not anything intact
that you would see go out of an overhaul facil ity or a
new facility.

The servo valves were al so detached and
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carried in separately. In fact, the servo valve itself
was mssing the end cap and the spring in the back of
t he servo val ve. So it had been pulled apart. That
was ny first involvenment with the flight 585 or PCU
833.

Later in 1992, in the sumer, there was
earlier testinony, a unit cane in. | believe that was
PCU 2228. More commonly referred to as the Mack Moore
unit. I think we've heard testinony on what was seen
and what the results of that was.

We did several other PCU testing during that
tinme. There seened to be a -- well, basically we were
going through quite a bit of testing on different units
that they felt that | think we saw several United units
come back. Then we al so had the 585 val ve
reinvestigated or |ooked at, the servo val ve.

I would like to coment, though, that the
servo valve initially in April was ceased and pl aced
due to fire damage. The fire had baked and frozen the
primary and secondary together. It had to be renoved
forcefully and was |later cleaned up in terns of what we
call in the industry, was done as a light w pe so that
the parts could slide in its normal fashion.

There's already docunentation in the Col orado
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Springs' docket as to the condition of the valve. W
were able to test it, but there was damage in this
val ve. There are individual wafers. Those wafers were
separated, which caused sone problens in its
performance. W believe the separation was due to
i npact.

W went through a rather extensive
investigation with the Colorado Springs. However, for
t he phenonenon that later resulted in the AD

MR, PHILLI PS: Do you recall whether that
Col orado Springs' valve ever reversed on any of the
testing that was perfornmed at Parker?

THE WTNESS. No, it did not.

MR PH LLIPS: And by reversing, you nean
reverse flow or reverse porting of the fluid? Wre we
able or were you able in all cases to test the valve in
its original as manufactured condition?

THE W TNESS: To the extent, we were able to
test the valve, understanding that there was damage to
the stacks and that it was not a perfect condition
val ve that you would see out of a new. That we were
able to test it in that state.

MR, PHILLI PS: You stated that when you

received the valve or you saw it the first tinme that it
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was in sone state of disassenbly, where was that done
and who had done that?

THE W TNESS: I was not involved at the site
or at the hanger in United. M. Walz of our
organi zation, who is our DER or FAA representative, he
was involved with a man from the quality organization
He was there present at the tine. I would have to
refer the questions to M. Walz on that part of the
i nvesti gation. That was in April, several weeks |later,
that | was invol ved.

MR PH LLIPS: Was it under the control of
the NTSB at the tine?

THE W TNESS: That's correct.

MR, PHILLI PS: The Mack More testing, the
United airplane, was that under the control of the NTSB
at the tinme al so?

THE W TNESS: There was sone confusion on
t hat . United witnessed it, and they contacted Boeing
and Parker. Parker representatives net up at United.
To ny recollection, they did not see the reversal up
there after it happened the one tinme or they did see a
stall. They brought it back down to Parker, at our
facility. At that tinme, United and Boei ng and

oursel ves were together.
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It was a few days that |apsed that the NTSB
was brought in. At that time, there was sonme feeling
that the NTSB was being excluded and that was not the
case. It was just a matter of |ack of understanding on
sone of our parts that NTSB was still investigating the
Col orado Spri ngs.

There had been a fair anmount of tinme |apsed
bet ween that event and the Col orado Springs.

MR, PHILLI PS: Coul d you describe your
participation in the investigation of the USAir flight
427 acci dent ?

THE W TNESS: | guess, based on |essons
| earned or sone experience that we have gained in
getting educated on the 585 investigation, we were
cont act ed. M. Walz was contacted as being our FAA
representative, | believe, on Septenber 13th, and was
asked if we would like to participate under the auspice
of NTSB to help in renoval of the rudder or wtness the
removal of the rudder.

So on Septenber 14th, we appeared in
Pittsburgh and on Septenber 15th, we aided in assisting
the systens group in trying to prevent any |oss of
evi dence on this val ve. Because of 585, we were aware

that the things that were of concern were in the
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t housandth of inch category or .00, and when you | ook
at an airplane, it's in the scales of feet. W felt it
was inportant that if this valve was going to be
scrutinized, that we maintain as much evidence as
possi bl e.

So we cane in through the hanger after it had
been renoved fromthe site. That's where we proceeded
to get involved.

MR PHI LLI PS: Did you feel -- M. dine
testified earlier this norning that the possibility
that sone of the initial data may have been conprom sed
by handl i ng. Do you share that feeling?

THE W TNESS: Yes, | do.

MR, PHILLI PS: So nore specifically in
regards to the position of the actuator at the tine of
renoval from the accident site until the time that you
were involved, could the position of the valve have
been changed?

THE W TNESS: That's a possibility.

MR PH LLIPS: Wuld that have affected any
of the investigations or exam nations that we' ve done
to this point?

THE W TNESS: Yes.

MR PHI LLI PS: How so?
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THE WTNESS: \Well, when we secured the unit
and brought it back to Boeing and as already testified
by M. Cine, we were able to determ ne the position of
the main ram PCU at i npact. On this particul ar case,
because the piston rod was bent, | believe that we can
give an honest cal culated position of the rudder at
i npact .

However, had that unit not been bent in that
position and in picking up the vertical fin and people
touching the actual rudder surface, there would be the
possibility of pushing the rudder, retract or extend,
and we would, therefore, |ose possible positioning of
t he rudder.

Since we don't have flight data recordings as
to where the rudder electronically is determned to, we
only have this somewhat archaic way. Ther ef ore,
anyt hi ng can be possi bl e.

MR, PHILLI PS: | understand your point. HOW
confident are we or are you in the position that's been
determ ned as the position of the rudder at inpact?

THE W TNESS: I think we took every
precaution possible once it was in the hanger to secure
it. I think fromthe witness marks on the piston and

realizing that it had to be cut out of there and there
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was no novenent of any type when we were cutting it
out . It was in there pretty good. Meaning, it was in
its normal position as it would have been installed and
was secured between the strut and the horn arm that |
believe that it is a good representation of where it
was at i npact.

MR, PHI LLI PS: So the reported position of
approximately 2 degrees right rudder is, in your
opi nion, an accurate position of the rudder at inpact?

THE W TNESS: Yes.

MR PHI LLI PS: Based on the w tness marks?

THE W TNESS: Yes.

MR, PHILLI PS: | guess, the point of your
testinony is that had we not had a bent rod, we stood
the chance in handling the weckage of |osing that
position in the absence of having a recorded position
by flight data recorder?

THE W TNESS: That's correct.

MR, PHILLI PS: So then can | go one step and
say that you would reconmend additional flight
paraneters or position paraneters for flight data
recordi ng?

THE WTNESS: As an engineer, | think you

heard earlier testinony that all of us in the technica
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world woul d benefit. I think being in the sustaining
engi neering area, not related to the airlines, but even
in our field where we get a lot of information based on
squawks, it's very difficult to analysis what that
means in PCU terns.

If we had flight data recordings that showed
specific positions of the rudder, we could probably go
to the anomaly quicker than what we are doing at this
time.

MR, PHI LLI PS: Backing up a little bit to the
poi nt where we picked up the rudder and began the
testing, could you take us through the chronol ogy of
the testing that was acconplished at Parker and your
i nvol vement at testing at Boeing?

THE W TNESS: ["lIl pick it up from where we
| eft Boeing and were down at Parker. W, again,
because of the experience that many of us who were
there had gone through with 585, we were very cautious
in allowing any of the parts to nove, any links, the
ram that sort of thing. W very slowy disassenbled
the unit.

To get fluid sanples was one of our first
things that we did. W also did a dialectic.

Essentially in a nutshell, we did the full acceptance
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test procedure. Wien we eventually got down to
wi tnesses the actual state, we video it. W t ook many,
many pictures to verify the condition before we
di sturbed anyt hi ng.

Then we went through and checked forces,

i nput forces on the pilot input point. As M. dine
earlier testified, that we went through and took |ots
of fluid sanples in different areas under the NISB' s
direction. W had to replace parts. The main ram was
damaged. The HIlink and the pilot input Iink was
damaged.

W had to put in -- we had to disassenble the
unit enough to get the main ram out of there and put in
a new ram It was under the nenbers' consensus that we
didn't feel that that would damage any of the interna
sunmm ng |inkage or any of that.

At that tinme, the crank arm was stil
secured, as | believe, and ny recollection is fading a
little bit. But | believe that the main ram was -- or
the external crank arm was still shimed while we put
in these different conponents so we wouldn't disturb
t hat .

Then we went back and had a new piston in

there and a new H1link, a new pilot summng arm W
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believe that that information, there was no way around
testing, unless we replaced that.

So we went through that procedure and then
diligently went through and checked the summ ng |ever
arms. W opened up the cap. Looked at the summ ng
lever armto determine their position. Wien we t ook
sone neasurenents that normally aren't taken and it was
sonewhat difficult to do, but it was a first shot at it
to determne where the primary and secondary slides
wer e

We proceeded on to do all the functiona
testing on the top |evel. Then at that tinme, we had a
caucus and tried to determ ne what we should do next.
One of the things we did is simlar to what we had
tried and what we had perfornmed in the case of 228.

That was that in order to get it to dual reversal, you
take the pilot input arm and you cycle it at probably a
rate beyond what the pilot could do.

You cycle it back and forth, as fast and as
hard as you can in an attenpt to nmake it reverse. W
did this until everybody had an opportunity to do it
anongst the nmenbers, wuntil their hands got sore, and we
didn't see any sort of reversal.

At that tine, | believe we cane down to
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di sassenbling it. The scrutiny would go towards the
servo valve. Am | getting too detail ed?

MR, PHILLI PS: I"mgoing to junp in and give
you a rest here for a mnute. M. Cdine testified
earlier that as a result of the testing, although there
were anonalies found, there was a summary concl usion by
the group that the unit was capable of functioning for
the purpose it was designed. Wre you part of those
di scussions and did you agree to that?

THE W TNESS: Yes, | did. Yes, in both
cases.

MR, PHI LLI PS: You believe that his testinony
this norning was accurate?

THE W TNESS: Yes.

MR PH LLIPS: After the disassenbly,
exam nations and testing at Parker during that phase,
was there any additional testing perforned that you
participated in?

THE W TNESS: I think it's been recorded that
we have net seven tines in different |ocations under
the NTSB' s direction. So we' ve done nunerous,
different tests beyond the normal perfornmance
paraneters that we check on PCUs that go out.

MR, PHILLI PS: I guess nore specifically, |1
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would like to address the two issues of the chip shear
testing that was done at Boeing and your participation
in that. Also, the residual pressure, differential
tests that were discussed this norning in sonme detai
that were performed at Parker.

I think first we'll go in the order of the
tests. The residual pressure test on the servo val ve,
did you participate in those tests?

THE W TNESS: Yes, | did.

MR, PHILLI PS: Coul d you describe to us the
Parker facility that was used for that testing and the
test set up?

THE WTNESS: We, in this occasion, worked at
the CEMfacility. On the other occasions where we
gathered, we were usually doing it at the CSO facility.
But CEM and CSO are nere inages, are one in the sane
for that part.

We have hydraulic test boards that extent
that have flow capacity up to 80 GPM On the servo
valve is what we did the residual pressure at. It
wasn't at the PCU |evel. W extracted the PCU or the
PCU was separated. W tested the PCU separately in a
fixture that we use for production to test the 13

different paraneters that this valve is nmade to.
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In this case, we deviated from those 13 tests
and we perfornmed a test where we sinulated different
failure nodes of the valve. Basically, | think those
are stated in 9-AH I"m not sure which docket.

At that tinme, we pressurized it to 3,000 psi
which is inlet pressure, and we perforned the different
positions of the slide and we read the gages. These
are gages that are plugged. It doesn't have the line
| osses that are normal for a PCU. So these pressures
woul d be not 100 percent, but close enough.

CHAI RMAN HALL: M. Phillips, ny
understanding is there was a design review conducted by
the FAA and Parker after the Col orado Springs'
acci dent . Is that correct?

MR, PHILLI PS: I"m not aware of an FAA design
revi ew. The board wote a safety recomrendati on asking
the FAA and Boeing to review Parker manufacturer dual
concentric valves in light of the secondary over trave
j amm ng or reversing. If you' re speaking to that, we
can address that issue.

CHAI RVAN HALL: Well, I'mreferring to the
recormendati on 92-121, which asks the FAA to conduct an
exam revi ew of servo valves manufactured by Parker

Hannifin, which are simlar in design to the Boeing 737
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rudder power control unit servo val ve.

MR, PHI LLI PS: Ckay.

CHAI RVAN HALL: That's it?

MR, PHI LLI PS: That's it.

CHAI RVAN HALL: My question is are any of
these tests related? Do they do the sane test over
again or not? Are we talking about a different part of
t he rudder?

MR PH LLIPS: W'Il ask M. Wik to address
that question, if he can.

THE W TNESS: That request cane from Boei ng.
The FAA, | believe, requested it of Boeing, and Boeing
came to us. W reviewed all our servo valves, both
dual concentric and single systemor all our single
val ve slide sleeve arrangenent. The condition we
checked for, we checked all, | believe, it was nine
valves for a specific case of the valve that we saw on
flight 585.

So, yes, we did, and we found, | believe --
and it's strictly off nenory, that docunent is
avai l abl e. There was only one unit and it was out of
production and it was on a mlitary airplane, and it
was not a big production. | think it was a limted

production on a 707, but that's strictly by nenory. W
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can qualify that. But we check all Iine valves that
are currently in production and there was no reversa
anonal i es.

MR, PHILLI PS: So the testing was done
specific to the reversal condition. Wre there any
other failure conditions or nodes considered during
t hat review?

THE WTNESS: No, there were not.

MR PH LLIPS: Was the direction for that
review just the specific requirenment of the
recomrendati on of the FAA' s goals and objectives or, |
guess, what set the objectives for that review?

THE WTNESS: Well, it was primarily based on
what we knew and we had gone through with the 10-91
which is off of the 585 valve.

CHAl RVAN HALL: well, again, it says here
that they were going to ook at flight control
mal functions or reversals. So they | ooked at reversals
or they | ooked at both or --

MR, PHILLI PS: I think they selected the or,
the reversal condition.

CHAI RVAN HALL:  Only?

MR PHI LLI PS: That's the answer that 1'm

heari ng. Is that correct, Steve?
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THE WTNESS: Again, we supplied analytic
data that showed those specific servo valves to Boeing
and that's as far as | can go with that.

MR, PHILLI PS: M. Chairman, | would suggest
that in later testinony with the FAA, we w Il have
peopl e invol ved who were involved in that.

CHAI RVAN HALL: That's fine with ne, as long
as Steve's going to be here in case we want to ask any
nore questions about this, because in all seriousness,
the taxpayers paid for a ot of tests after Col orado
Springs. Wat I'mtrying to do is find out what tests
were made then and what's been done now. I think
that's a reasonabl e question.

THE W TNESS: | agree.

CHAI RVAN HALL: Pl ease proceed.

MR, PHILLI PS: In the testing that was done,
| believe the second week of January in regards to the
over travel conditions that M. Cdine spoke of this
norning, were there any additional tests perforned
during that neeting of the systens group?

THE WTNESS: As M. dine has stated and |
think the nenbers of your system team can testify,
we' ve done a rather extensive look at this overall PCU

and the servo valve understanding that it's of high
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profile.

MR, PHILLI PS: More specifically, the over
pressure test or the high pressure test?

THE W TNESS: correct. W |ooked at a
condition that because of the nature of the servo valve
and the understanding that all valves have very close
cl earances that they are designed to, there was one
scenario that would | eave no witness nmarks that m ght
have caused the jam and that woul d have been what we
would refer to as clanping, deflection of the inter ID
to the OD.

Actually, OD clanping on the ID of the slide
-- primary slide bore on the secondary slide being
cl amped by the val ve body. That is sonething that in
the initial design and the initial testing of the
valve, we go through and we have to hand fit each of
these valves to the type of clearances that have been
di scussed earlier.

In light of that, we thought that to show
that there was no clanping, we took pressures that was
determned to be the maxi num anmount of pressure that a
punp could put out w thout Kkicking a check valve.

Again, that | will have to refer nore to Boeing to give

you information on it. But we took a pressure of 3850
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or 3,850 psi in a normal 3,000 psi systemto see if we
had any restriction of novenent on the primary or
secondary slide different fromthat of the 3,000 ps
that normally would be in there.

I think you' Il look in that docket or in
exhibit -- what is it, 9. I think basically you'll see
information in there showing you that whether it was
3,000 psi or 3,850 psi, the forces to nove the primary
slide and the secondary slide were the sane. That we
felt strong that clanping could not be an issue here
t hat woul d have caused that valve to jam

MR PHLLIPS: Are you aware of any other
events where clanping has happened, occurred?

THE WTNESS: No, | am not.

MR, PHILLI PS: So the question was raised or
the test was done nmore out of curiosity than a
requi rement that's specified anywhere?

THE W TNESS: That's true.

MR, PHILLI PS: In earlier testinony, we
di scussed the effects of contam nation. In particular,
particul ate contam nation on PCUs. Coul d you conmment
generally on your experiences with contam nation and
its effects on the rudder power control unit?

THE W TNESS: | really don't believe I can
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add much nore to what's already been testified. W
rely on the filtration system Parker in 1971 -- like
all conpanies, we have an internal specifications.

W have a specification that's called the
BMF, which is a Bertea manufacturer specification that
we created to maintain a class 5 -- worse case class 5,
best case 2 on our test boards. W have a
contam nation lab that nonitors that on a daily basis.
So our hydraulic boards are nmaintained at a worse case
is class 5.

MR, PHILLI PS: More specifically, are you
aware of any main rudder Parker manufacturer Boeing 737
mai n rudder power control unit, that's operated in an
other than intended direction as a result of a jan?

THE W TNESS: Coul d you repeat that, please?

MR, PHI LLI PS: Boy, that will be tough. Are
you aware of a jam ever -- have you ever heard, have
you ever tested, have you ever read at Parker about a
jam main rudder PCU from a 737?

THE W TNESS: | personally have not w tnessed
any. I know there is -- being in part of the 585 and
I"'mfamliar with the docunentation in there of the
different cases. Al those were before ny tine. The

one that was stated was the corrosion one that happened
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in the "90 tine frame, | believe.

The origin of where that cane from never
reached us. So to answer your question, no, | have
never personally seen a jam

MR PH LLIPS: Are you aware of any testing
that's been conducted wi thout the NISB's presence in
regards to either the Colorado Springs' accident or the
USAi r 427 accident?

THE WTNESS: No, |'m not.

MR, PHILLI PS: Have you been involved in any
failure nodes and effects analysis of the main rudder
PCU in your time with the unit?

THE W TNESS: Only in recall in the
ai rwort hiness directive. We performed a functiona
gqualification test on that valve to assure us that we
had renedi ed the anomaly.

MR PHI LLI PS: So then you're saying as a
result of the airworthiness directive, the valve was
| ooked at again for its performance capabilities?

THE W TNESS: Not in its entirely.

MR, PHI LLI PS: Specifically, what was changed
for the AD?

THE W TNESS: | think earlier talked that we

restricted some of the travel between the |inkage stops

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



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

798
and the internal stops. W went back once. W
i ncorporated the design change. W went back in. W
t est ed. | believe you have that data in your
possessi on.

MR, PHI LLI PS: In the process of reviewng
t hose stops and nodifying the design, did you uncover
or did you cone up with any data that would say that
Parker had ever or a PCU had ever been reported to
Par ker that had reversed?

THE W TNESS: Not to ny know edge.

MR, PHILLI PS: Do you know whet her the
guestion was asked or not or was that specifically
exam ned?

THE WTNESS: Again, as to whether Parker --
any Parker enployee had seen a reversed rudder?

MR, PHILLI PS: I was | ooking nore
specifically for a data that had been provided to
Parker from an operator that said that they had
experienced a reversal of a main power control unit?

THE W TNESS: | guess, I'mat loss on how to
-- we've SO many units. W have not experienced any
reversal other than the 2228 Mack More unit. It's the
only one that anybody at Parker is famliar wth.

MR, PHILLI PS: Recently a PCU was sent to
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Par ker under the NTSB control that was renoved from a
Sahara India -- | believe Sahara India Airlines
ai rpl ane. Do you have any know edge of that unit, the
squawk that it canme in on and the test findings, just
in general terns?

THE W TNESS: That valve, the PCU cane in
under the direction of the NTSB with the FAA present.
W ran the full functional test on the PCU and then
di sassenbl ed down the servo val ve. | guess, in answer
to your question before, that one showed a reversal in
the -- | guess it would be both directions extend and
retract on the main PCU.

MR, PHILLI PS: That was experienced at Parker
or was that reported to you from anot her source?

THE W TNESS: That was verified by running a
test on the servo valve that sinulates the earlier
testinonies that talk about the three conditions that
you need in order to achieve a reversal.

W, as a result of the AD, have a test on the
rudder top PCU and at the servo valve level to assure
ourselves that we will never have a reversal in any
condition if any of those three conditions align
t hensel ves to occur

So we took the Sahara |India val ve and
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subjected it to that failure node. Al three of those
conditions do exist. And at that tinme, we saw that in
both directions, retract or extend, the valve would
reverse if you had those three conditions.

MR PHILLIPS: Was there a determ nation nade
during that testing as to what the cause of those
reversals was?

THE WTNESS: As far from our experience and
seeing the valves that are com ng back and from the
di nensi onal analysis, if you have a retract rudder,
there's rarely a problemw th the reversal. That even
with adverse tolerances and the other two conditions
aligning, you usually would not see a reversal
However, in the other condition, you woul d.

This particular Sahara unit showed a reversa

in the direction that we | east expected to occur. The
| ow percentage of occurring. It surprised ne as to how
that coul d be so. In disassenbling it, what we found

was some inproper parts in the spring guides.

MR, PHILLI PS: Has there been any
determ nation nade as to how those inproper parts were
installed into the unit?

THE W TNESS: That unit was fromthe Mddle

East, and a trace on the overhaul of that valve shows
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that there were seven different tinmes that that unit
was in for sone sort of maintenance. There were, |
believe, three or four different maintenance shops that
wor ked on that valve.

we, in our facility, are unaware of all that
t ook place. In fact, the serial nunber on that unit
does not match any of the current records that we are
hol ding, and we hold all records from day one on the
PCU. Every unit we shipped, we have a record package
of the original data that it went out on and all of its
conponent s.

W were unable to find that one in our -- it
had a serial nunber, but that was not a Parker serial
nunber

MR PHI LLI PS: So then that would give us two
PCUs that have reversed. Both the United Mack Mbore
with the summ ng |ever condition, and the Sahara India
Airlines with the discrepant parts. I's that correct?

THE W TNESS: That's true.

MR PH LLIPS: Were there any discrepant
parts found in the United 585 conponent or the USAIr
flight 427 conponent?

THE W TNESS: The 585, ny nenory is that

t here was not any. But as | recall, again, as |
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stated, the 585 was in pretty poor shape as conpared to
t he val ve on the 427. In terms of the 427, there were
no -- we didn't perform any dinensional analysis on any
of the conponents, but we did determ ne by acceptance
test procedure and the extensive testing outside of
that, that there was no hardware anonalies or tolerance
probl ens.

MR, PHILLI PS: Is it your opinion that any
additional testing should be performed on USAir flight
427 PCU? Shoul d dinmensional checks be made of those
parts to verify their condition?

THE W TNESS: To ny know edge, the procedures
of the tests that we've so far perfornmed are indicative
of the valve, and | don't believe that there would be
anyt hing gained by running dinensional checks on any of
t he conponents.

The final say of this PCUis its ability to
neet the perfornmance requirenents. Under st and t hat
each subconponent goes through anywhere from eight to
12 different individual tests. Then they are brought
together and integrated at the top level where there it
goes through 22 different individual tests, checking
its performance.

The paraneters are rather stringent
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paraneters and difficult. If they weren't net there,
t hey show up very easily.

MR, PHILLI PS: So that on the perfornmance
test, any one failure of the performance test woul d
fail a conplete unit?

THE W TNESS: That is true. If any one of
those 22 or down at the sub-level requires the valve to
or the PCU to be renoved from the hydraulic bench and
determne the problem and the part replaced, if there's
sonmething to that effect and then retested. So until
the unit passes the acceptance test procedure, it is
not rel eased.

CHAI RVAN HALL: M. Phillips, we are nearing
time for a break. Do you want to continue and finish?
Do you have a few nore questions or would you prefer we
break and cone back? It's your call

MR, PHILLI PS: | actually have about probably
about ten mnutes nore questions for nyself.

CHAI RVAN HALL: W'l continue then

MR, PHILLI PS: The next area | wanted to get
into just briefly was the yaw danper system and your
experience with the yaw danper operation. W' ve heard
testinony from M. dine this norning about the

condition of USAir 427's yaw danper system But once
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again, could you describe to us what you saw in testing
of this unit?

THE WTNESS: Al rudder PCUs, the 22
di fferent performance paraneters we checked in that is
extensive testing of the yaw systemthat's part of that
PCU package. One of the test that we do is sinulate a
hard over electro-hydraulic valve or an open sol enoid.
Basically, that would cause the yaw piston to travel
over to its extrenme position, which is, as testified
earlier, has nmechanical stops.

Understand that our test fixture is very
simlar to what it would look like in the aircraft. W
have a wheel on the test fixture that shows zero
degrees through the plus or mnus 26 degrees. When we
turn on and basically do that failure, we watch where
the yaw takes the rudder PCU. And in that case, we all
wi tnessed that it went 3 degrees depending on what
direction the failure would have been.

So based on that, there would have been no
physical way other than to travel -- it could not
travel any further than 3 degrees.

MR, PHILLI PS: To the best of your know edge,
have you ever seen a rudder PCU travel beyond its

limts, its design limts?
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THE W TNESS: NO. Under stand again, there
are units out there with 2 degrees and 4 degrees. So
there can be ones with 4 degrees still roam ng out
t here. But as far as neeting those paraneters, | have
never seen one that goes outside of the design
par anet ers.

MR, PHILLI PS: You would be in a position to
be aware of one if it had?

THE W TNESS: Yes, | am definitely contacted
of any anomaly that does occur, that would be that
si gni ficant.

MR PHILLIPS: You woul d al so be the best
person at Parker to ask if there's ever been a jam PCU
servo valve which caused a runaway or hard over
condi tion?

THE WTNESS: Well, | would probably be a
runner up. | think the testinmony of M. Sheng, who's
been with the conpany for 30 plus years, he's strictly
our technical lead and he's a very practical m nded,
besi des being very intelligent, and he's seen a |ot,
and he's sonebody we consult with and has consulted
t hr oughout the years. I think he's given testinony
that to what his experience was.

So between Sheng's testinony and ny
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testinmony, | think you can get Parker's input as to we
have not, to our know edge, seen any jans on the
rudder, 737 rudder PCU.

MR PHI LLI PS: One nore tine for the record,
did you see any evidence of a jam of the USAir 427
package?

THE WTNESS: No, | did not.

MR PHI LLI PS: That's all the questions |

have, unless you would |like to add sonmething that |'ve

omtted?

THE W TNESS: NO.

MR, PHI LLI PS: Thank you.

CHAI RVAN HALL: I want to correct an item
that | mentioned a few m nutes ago. M. Laynor, who is

our senior and npbst respected aviation accident
investigator, infornmed the Chairnman that these tests
that had been requested after Col orado Springs and had
been conducted by the FAA and by Parker Hannifin and
Boeing, the majority of costs of those tests were borne
by Boeing and Parker Hannifin and not by the Anerican
t axpayers. | apol ogi ze to you gentl enen.

I nerely want to be sure that on the record
we have two accidents which are linked in the public's

mnd, and that we inform them and are sure and cl ear
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everything that has been done in that interval period
of time, regardless of who it was paid for, in order to
| ook for the cause of the problem

Wth that, we will take a 15 mnute break.

(Whereupon, a short recess was taken.)

CHAI RMAN HALL: The hearing will cone back in
sessi on. | believe we are now proceeding with the
party questions for this wtness. Wul d you pl ease
i ndi cate which parties have questions? | see the FAA
and the Airline Pilots Association, International
Associ ati on of Machinists and Boei ng. W will proceed
fir wiwth the International Association of Mchinists,
M. Wirzel.

MR WURZEL: Good afternoon, M. Weik.

THE W TNESS: Good afternoon.

MR WJRZEL: Were you aware that all possible
docunent ati on, both photographic and measurenent w se,
were taken in the field by the NISB systens group of
the main rudder power control unit and its relationship
to the rudder before the vertical fin and rudder
renoved from the accident scene to the hanger?

THE W TNESS: I was not present at the site.
So I'mnot aware of that.

MR WJRZEL: How woul d you characterize the
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difficulty in renmoving the main rudder power contro
unit in the Al hanger under the nuch better conditions
than at the accident scene? | think you were present
t here.

THE W TNESS: It was a rather difficult
endeavor. It required once we secured any -- as |long
as the unit was intact the way it was, it had all the
torque tubes and rods connected to it. Once we started
di sassenbling, we'd |ose position and we took
precautions to secure the position of it.

Once we did that and started connecting --

di sconnecting the connecting rods, from there because
of the damage to the piston rod, we were forced to cut
the PCU out so as not to disturb it. It would have
required retracting the piston rod in order to get the
PCU out of there. Qbviously, that would take away any
evidence that it was there.

So it was a very difficult task, and it
required a lot of input froma |ot of people.

MR WURZEL: Have you ever cone across any
bogus parts in the overhaul, the servo or the main
rudder power control unit at your overhaul
headquarters?

THE W TNESS: I don't know what you nean by
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"bogus" parts. But parts other than being manufactured
from Parker, there has been one or two instances that
we are aware of.

MR WJRZEL: Are you familiar with the term
"silting,” and could you explain its effects in
relation to the servo?

THE W TNESS: Silting is a common termin the
hydraulic fields. I don't know if it's a real termor
sonet hing that we hydraulic engineers use. Basi cal |y,
it's phenonmenon that the el ectro-hydraulic valve people
| think first saw That is if a slide stays in one
position while fluid is -- for instance, if it's an
underl ap valve porting by it or it just hasn't been
exercised in a while, the fluid builds up a little bit
of a surface tension.

Al'l fluids have a surface tension.

Basically, it increases the force to break that surface
tension, but we are all famliar with water. Not too
many of us can wal k on water. So the bottomline is
it's just that sort of thing. It's maybe an ounce of
increased force to break it out. It's nothing that's a
big issue unless it's sonmething like an electro-
hydraulic valve and the way they prevent it from being

an issue in perfornmnce. They just put a little bit of
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a cycle -- input around neutral to prevent friction in
terms of this valve.

I don't think it's an issue.

MR WJURZEL: That concl udes ny questions.
Thank you, Steve.

CHAI RVAN HALL: Airline Pilots Association

CAPTAI N LeGROW Thank you, M. Chairman
CGood afternoon, M. WiKk. Could you tell me in your
i nvol vement with the USAir 427 accident airplane, how

much tinme was on the nmin PCU?

THE W TNESS: In our investigation, | believe
t hat nunber cane out, but | don't believe it's in the
publ i c docket. | think I would prefer to have USAir

provide you with that nunber of the NTSB.

CAPTAI N LeGROW Does 22,000 hours refresh
your menory?

THE WTNESS: Again, those were nunbers that
' ve heard. Unless they are in the public docket, |
don't know if | can say that's true or false.

CHAI RVAN HALL: Is it in the public docket,
M. Phillips?

MR, PHILLI PS: | believe that would appear in
t he mai ntenance records report. W'Ill take a |ook and

see. My recollection is it is on the order of 22,000
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hours for approximate di scussion.

CHAI RVAN  HALL: Since the issue has been
rai sed, would soneone please go through the exhibits
and if it's in the docket, let's give the page nunber
and the correct exhibit.

MR, PHI LLI PS: W'l do that.

CHAI RVAN HALL: Pl ease proceed, Captain.

CAPTAI N LeGROW Thank you, M. Chairman.
Wien the 737 PCU was originally put in service, did it
have a time life on it?

THE W TNESS: I"m not sure if | understand.
Let ne just clarify that our acceptance test procedure
when it goes out, besides doing -- it takes about two
hours to run through the perfornmance paraneters. Then
it goes through an eight-hour duty cycle. Most wunits
that |l eave the factory to the CEM have that type of
time on it.

CAPTAI N LeGROW I guess ny question was did
it have a suggested tine to overhaul when the unit
first went in service?

THE W TNESS: I"m not aware that there's
anything out there that states when to overhaul these
units. That's sonmething I'mnot famliar wth.

CAPTAI N LeGROW "' m asking when the unit
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first went in service in 1967 or whatever date that
was’?

THE W TNESS: There's definitely in-service
performance paraneters. A lot of those performance
paraneters in the world of hydraulics is determ ned on
how clean the fluid is. Fl uid does cause wear which
causes |arger clearances, which leads to increased
| eakage. Most of our performance paraneters revolve
around | eakage requirenents, but there is no tinme limt
that is specified. There's only requirenents once it's
renoved to assure that it's within its performance
paraneters, to ny know edge.

CHAI RVAN HALL: Excuse ne one nonent,

Capt ai n. Do we have the information now?

MR PHI LLI PS: Yes, M. Chairman, Exhibit 9-
A | believe page 45, is the receiving paperwork that
we took to Parker on the initial test of 9-21-94. |
believe the accident unit at that time had 21, 077.33
hour s.

CHAI RVAN HALL: An answer to your question,
Capt ai n. Thank you.

CAPTAI N LeGROW Thank you, M. Chairman.
Wien the 737 PCU was originally certified, did the

specs call for type 3 fluid?
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THE W TNESS: | believe that's correct. W
maintain to the specification of what we call the SCD
source control dine. | believe at that tinme it was BM5
3-11 type 3 fluid.

CAPTAIN LeGRON  Today it uses type 4 fluid
is that correct?

THE W TNESS: That's correct.

CAPTAIN LeGRON  Were there any additiona
tests done between the tinme it went fromtype 3 to type
4 fluid?

THE W TNESS: | don't think I'mthe qualified
person to answer that.

CAPTAIN LeGRON  You nmde reference in your
earlier testinony about the AD on the servo val ve.

Coul d you explain exactly what that AD was?

THE W TNESS: In earlier testinony, there's
been discussion as to the travel of the primary and the
secondary slide. The AD affects the travel of the
secondary slide in the event that you have three
conditions that occur in line with one another.

The AD, in sinple terms, just restricts the
anount of travel that the secondary can nove in the
event that these three conditions align to prevent any

cross-porting fluid.
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CAPTAI N LeGROW So is ny understandi ng
correct that it's an internal stop for the slide.

Wuld that be correct?

THE W TNESS: That's correct.

CAPTAI N LeGROW On the original design of
the servo, did it have those stops on the origina
desi gn?

THE W TNESS: Yes, those stops are there and
have been there present from day one.

CAPTAIN LeGRON  What was the reason for the
AD if it had been there all along?

THE W TNESS: Basically, the valve was
intended to stop on its |inkage stops. It was not
intended to stop on its internal stops. The internal
stops are your spring guides that in the event that you
have a m stol erance part, a jamand a full rate command
such that the external stops do not perform then you
are reliant on the internal stops. And basically, we
have reduced the travel to hit the internal stops, but
t hey have al ways been present.

CAPTAI N LeGROW So there's been no design
change in the servo valve since it went into service?

THE W TNESS: O her than the ability to now

l[imt the travel of the secondary slide, no, there has
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not .

CAPTAI N LeGROW That's been there since the
ori gi nal design?

THE W TNESS: That's correct.

CAPTAI N LeGROW Could you tell ne when
Parker Hannifin or Parker nodifies a PCU how long it
t akes?

THE WTNESS: Well, in this instance, again,
it's -- we're the manufacturer. So this case it's a
function of the design engineering on the Boeing side
and dependent on what the issues are, there's no
particular tine. Thi ngs can happen quick or things can
happen -- it's really dependent upon what the actual
change is and what it has to do with perfornance.

CAPTAIN LeGRON Are the users able to get
the units nodified as rapidly as they request?

THE W TNESS: To ny know edge, the AD that is
taking place -- ['Il give you some nunbers. Roughly we
figure there's 2800 PCUs that fall under this AD that
are in operation today. To date, Parker has serviced
about 1250 PCUs with the retrofit. W' re doing them at
about a rate of 50 per nonth. It's basically when the
airline gets it into us, we will turn it around.

CAPTAI N LeGROW So am | to understand that
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| ess than half the fleet has been nodified to this
dat e?

THE W TNESS: To ny know edge, those are the
nunbers that | just gave you, the nbst up-to-date
nunbers. There's probably a plus or mnus range of 20
in there.

CAPTAI N LeGROW Does Parker have the
capacity to increase that tine?

THE WTNESS: At this current tine, 50 is a
taxing load on our organization, but we wll conply
with whatever the industry or the FAA feels is
necessary.

CAPTAI N LeGROW Par ker produces other servo
val ves. Is that correct?

THE W TNESS: That's correct.

CAPTAI N LeGROW Has any other servo valve
t hat Parker produces ever been under the scrutiny that
this val ve has been under?

THE W TNESS: | think all valves have. Just
probably is one of the nore conpl ex val ves. The ot her
valves -- all of them go through scrutiny at design and
are tested through qualification. This particul ar
valve has received a lot nore attention than what woul d

be normally.
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Val ves that we nmake today are very simlar to
what we made 35 years ago until we've gotten into this
nore electrical driven servo val ves. But to answer
your question in short --

CAPTAI N LeGROW But the point is Parker
Hanni fin or Parker -- excuse nme -- does produce other
dual concentric servo val ves. Is that correct?

THE W TNESS: That's our line of work, yes.

CAPTAI N LeGROW It just appears that this
val ve has been under a lot nore scrutiny than other
val ves that Parker produces. | guess ny question is
what makes this valve so unique?

THE W TNESS: I don't know if -- that's the
guestion that | have. It's not unique in ternmns. It's
a dual concentric. W nake single slide valves, too.
That's probably the nmore predom nant ones we nake. But
the dual concentric is a very good design, and it
fulfills certain specific paraneters that would not be
filled by a single valve.

I think the exposure to this valve has
basically been derived from the incident of 585 and now
the flight 429.

CAPTAI N LeGROW Thank you. Coul d you tel

nme -- we had sonme discussion earlier on chip shear.
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Could you tell nme what the chip shear is on the
accident airplane? What the chip shear was on the
acci dent airplane?

THE W TNESS: Basically, it can be determ ned
by 1 ooking at the functional test data that we ran.
Specifically on -- this is in Exhibit 9-A [f you'll
ook in the functional data sheet at page 63, from that
graph, there's a ratio that you have to use in order to
termoff that graph, but the Y axis is pounds.

If you take the pound rating and to be honest

with you, | don't know -- | don't recall the ratio off

the top of ny head. | have it witten down. It's

probably within the 40 -- it's better than 44 pounds.
CAPTAI N LeGROW I think we heard sone

testinony yesterday that it was around 44 pounds. My
guestion is how does this conpare with other dua
concentric val ves?

THE W TNESS: In terns of what other dua
concentric valves? |'mnot sure?

CAPTAIN LeGROW  Whuld the chip shear be
hi gher or |ower, about average?

THE W TNESS: Each valve is designed
differently. I think the dual concentric valve chip

shear is not as serious a consideration, because you do
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have the other slide to conpensate for any single jam

that the other slide will give you half rate but ful
authority.

CAPTAI N LeGROW | understand that, but al
dual concentric valves will do that. Is that correct?

THE W TNESS: That's correct.

CAPTAI N LeGROW My question is how does this
conpare with valves in other controls that Parker
pr oduces?

THE W TNESS: To ny know edge, there's ones
that are higher in the 50. Sone as high as 100.

CAPTAI N LeGROW Is there sone as high as
2007

THE W TNESS: | guess, | would have to do
sone research before | gave you that nunber for sure.

CAPTAI N LeGROW Do you know if this is the
| owest ?

THE WTNESS: Again, wthout going back and
| ooking at all of our valves with specific intentions
of looking at what chip shear requirenents are for each
of those valves, | can't tell you where it is in the
scal e of things.

CAPTAIN LeGROW  Thank you. Can you explain

to ne how a PCU could be sent to Parker Hannifin or
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Parker -- again, excuse ne -- to be overhaul ed, be
requalified or qualified for service, then sent back to
Parker within a nonth, and found that because of pil ot
squawks and found to have worn summ ng |evers and fai
a dielectric test?

THE WTNESS: Well, if you want to take it in
a sense that | think we've all had personal experiences
where you take the car down for a specific failure and
drive out and two days |l ater sonething else fails.
Understand that you do diagnostic testing and one of
the things that we do is we do as the airlines directs
us to do and fix only that. Everything we do obviously
has a price attached to it.

The airlines tells us specifically what they
want done. W obviously have the ATP requirenments to
neet . But if they neet the requirenents with arns that
are worn and a nonth later that wear turns in to nean
reducing or not being able to neet the performance
requirements, we have no control over that.

CAPTAI N LeGROW So you're telling ne that
it's possible for something to go through Parker's
facility, be qualified for service and have worn
sunmmi ng | evers?

THE W TNESS: | guess, the question is is
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what do you define as worn? If you |look at your units
and you |l ook at them and you determ ne that these parts
neet all the performance requirenents, do we go through
and do a dinensional check on every single part, |
guess that would be at the expense of the airlines if
we did that.

My answer to that is if we see anything
that's excessively worn, we would notify the airlines
and tell them that we believe this is not sonething
t hat shoul d go back out.

CAPTAI N LeGROW Is Parker the only facility
that overhauls this power control unit?

THE WTNESS: W basically have 30 percent of
t he market share. The other 70 percent is out there
anongst the airlines and the third parties.

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

CHAI RVAN HALL: Boeing, M. Purvis.

MR PURVI S: Thank you. | have sone
guestions for M. Wik.

I would like to go back to the Sahara unit,
pl ease. Dd the PCU that came from the Sahara airplane
as a top assenbly actually reverse on the Parker test

bench?
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THE WTNESS: No, sir, it did not. It met
all functional test requirenents.

MR PURVI S: So when you said the unit
reversed, you were referring to the control valve as a
conponent . I's that correct?

THE W TNESS: That's true. W were testing
the servo valve when we saw -- in fact, we tested the
servo valve for what we call the failure condition. At
that time, we saw that the servo valve if it failed,
would go in reverse, but the PCU did not reverse.

MR PURVI S: The test that caused the servo
val ve as a conponent to reverse, was that a normal node
of operation or was it a failure node being sinulated?

THE W TNESS: That is correct also. It is a
failure node that we sinulated, as | said, to indicate
the worse condition that occurred.

MR PURVI S: Coul d that valve then have
reversed in flight?

THE W TNESS: Only in the event that all of
those paraneters necessary for a reversal cane together
at the right tine.

MR PURVI S: I would like to go to your
i nvol vement on the 427 PCU. Based on your close

connection with all the phases of the 427
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investigation, did you find any evidence of a jam on
the primary or secondary flight?

THE W TNESS: I did not see anything that was
out of the normal of what we produce on the new val ve.

MR PURVIS: Was there any evidence that this
PCU coul d have reversed?

THE W TNESS: From every test that |
wi t nessed and outside of the normal functional testing,
the other test that we did to try to create failure
nodes, no, there was no evidence.

MR PURVIS: Was there any evidence from the
chip shear, the residual pressure or the fluid particle
test that would have affected the intended performance
of the 427 PCU?

THE W TNESS: NO.

MR PURVI S: I mssed an item on the Sahara
PCU that | wanted to ask you. WAs there any evidence
that the dual spring guide had been so-called
"remachi ned" after delivery?

THE W TNESS: That was the case. I n our
opi nion, there was sone remanufacturing of that part.
W believe, as | said before, that it had gone through,
| believe, four to five different maintenance houses

within its life span, which we can't even define what
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it's life span was, because we can't identify the
serial nunber to one of our serial nunbers.

MR PURVI S: That's all the questions | have.

Thank you.

CHAI RVAN HALL: Do any of the parties have
addi tional questions? If not, | amgoing to turn it
over to M. Marx. At this point, | nust excuse nyself
briefly to make a phone call. I"mgoing to | eave the

gable in M. Laynor's hands if for any reason the
guestioning is concluded and we need to nove forward

before | can return.

M. Marx.

MR MARX: M. Wik, | realize that you' ve
been on the stand for quite a long tine. It's quite
grueling up there. |'"ve been there nyself. I want ed
to clarify two things. Do you recall back in early

Novenber when | came to Parker Hannifin?

THE W TNESS: Yes.

MR MARX: At that particular time, was there
any di nensional checks that were made on the main
rudder PCU? That would be the servo valve itself.

THE W TNESS: The servo valve was in the
possession of the NTSB after every neeting that we were

t oget her. There had been no dinensional inspection at
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Parker until the tine that you --

MR MARX: R ght. But, | mean, at that
particular time, we did do dinensional checks. It was
under ny authority to do the dinensional checks, but I
wanted to just clarify that there had been sone
di mensi onal checks that were nade on the particul ar
servo val ve. They are not part of the public record.

Do you recall any of those dinensions that
woul d indicate that this valve was not manufactured as
to the requirenents of Parker Hannifin? |n other
words, were there any possibility of any parts being in
there that were not Parker Hannifin's and to their
specifications?

THE WTNESS: No, there was not.

MR MARX: NOWN you al so spoke of there
wasn't any significant changes nmade to the PCU. That
woul d be maybe when we're tal king about dinensiona
changes. Coul d there have been sone manufacturing
changes, such as the subcontracting out primary spool s,
manuf acturing primary spools?

THE WTNESS: Al designs are controlled by
t he Boei ng Conpany and then from those designs, we
construct route sheets that basically define how the

parts will be manufactured that's under Parker's
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control. Wthin the guidelines of the SCD that [|'ve
spoken of, that we use the right materials, the right
speed feeds, and we al so outside vend our parts
depending on | oad capacity and our conpany.

So, yes, it could have been done on a lays or
it could have been crushed ground. Basically, as long
as the product neets the end requirenents in terns of
material, the hardness, the surface finish and the
di mensi onal paraneters, where it's nade is
i nconsequenti al .

MR MARX: | understand that. I just wanted
to clarify the design on the servo val ve. I"'ma little
bit confused. To your know edge, is the design of the
servo valve a Boeing design or a Parker Hannifin
desi gn?

THE W TNESS: The design is on Parker paper.

I understand that there's sone sort of patent going on
with it, and to be honest with you, | can't say much
further.

MR MARX: Are you famliar with the overhau
procedures when a PCU conmes into the shop for overhaul ?

THE W TNESS: Yes, | am

MR MARX: Are there any witten procedures

that you know of for disassenbly of the primary from
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the secondary and the secondary from the housing?

THE W TNESS: I"mnot famliar with any.

MR MARX: O any procedures for reassenbly?

THE W TNESS: In the overhaul manual, it does
describe -- the Boeing overhaul nmanual does describe
di sassenbly and assenbly procedures. That manual is
used. So | stand corrected that we do not have our own
internal procedures on that. Actually, we do create
internal procedures off of the Boeing overhaul manua
t hat describe areas of caution.

For instance, the materials on the primry
and secondary slide are a very high aesthete and are
brittle, much like glass. If you drop them they'll
chi p. That sort of problens. So you definitely have
to do special handling on those things.

We have rubber mats on our benches to prevent
t hat . There are quite a few internal standards on how
to perform disassenbly and assenbly on all units.
There's a |lot of generic practices. The specifics on
the servo valve are spelled out very clearly in the
over haul manual

Specifically, after the 585, there are sone
very specific -- there's not a lot left that isn't

descri bed on how to assenble that servo valve and test
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it.

MR MARX: Well, this would be on the
over haul . My understanding is that this particular PCU
has been overhauled within a couple of years of the
acci dent. Is that correct, do you know?

THE WTNESS: No, that is not correct. The
PCU is overhaul ed for external |eakage when a unit
comes in and it's squawked as external |eakage. W
replace all the software. W replace all the filters.
There's a standard procedure. The servo val ve was not
taken down to the sub-level and checked.

It was checked at the top level, which we
consider catches all the paraneters and it net that
requi renment. It was shipped out. There was no work
done to the servo val ve.

MR MARX: So it was never disassenbl ed?

THE W TNESS: That there is not definition.
There are several ways of disassenbling the ram One
is to take out all the linkage and --

MR MARX: I"m just speaking of the servo
val ve.

THE W TNESS: The servo val ve was not
di sassenbl ed. Under st and, dependi ng on how you take

the PCU apart, if you take the PCU apart, you have to
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di sassenbl e the servo valve in some cases and not all
cases. It depends on where you go to do your worKk.

If you do it on the internal I|inkage, you
have to renove the servo valve to do any work on the
sunmm ng | evers. Down on the piston level, as we did in
this investigation on flight 427, we did not have to
disturb the internal summng |levers or the main servo
val ve.

So | don't have record as specifically there
was witten on the receiving card or the overhaul card,
there was no work done to the servo val ve. Only
software which we call all the seals and then the
filters were replaced at the tine.

Then it was tested to the functional top
assenbly ATP and passed all those and sent out back to
t he custoner.

MR MARX: Just to nmake sure | understand
you. As far as the record showi ng and as far as your
understanding is, the servo valve since it was
originally manufactured, had not been taken apart and
put back together again?

THE W TNESS: | cannot say that.

MR MARX: Up until the tinme of the accident?

THE W TNESS: There was no work done to the
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servo, but in terns of whether it was taken apart or
not, | cannot definitively answer that.

MR MARX: You were also tal king about
different nethodologies in which to produce a jamin a
servo val ve. You were nentioning sonething about
cl anping forces. The cl anping forces would be those
produced between an outside dianeter say of the primary
and the inside dianeter of the secondary or the outside
di aneter of the secondary to the inside dianeter of the
housi ng.

Could this be because of dinensiona
problens? That is that the overall dinensions are not
properly or uniformally along the |engths of the spool
Is this what you were tal king about?

THE W TNESS: The valves, the hand-fit
valves. Again, we have an internal requirenent on al
of our servo valves for roundness and straightness call
out throughout the board that deals in the mllionths
which is basically -- it's about ten mllionths
roundness and strai ghtness.

If you know that, that's five zeros to the
right of the decinmal place and then a one or a five.
That's kind of roundness and straightness that we try

to maintain on these val ves. You need special gages
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and sorts. Then for performance sake, you have to keep
the clearances within the 150 mllionths to 200
mllionths, as already testified to.

Material properties, you have yield. Al
material has yield to it. Basically we go through a
very extensive testing to what we call stabilize the
val ve. W stabilize the valve so that this yield is
already pre-yielded, that you will not see any nore
yi el d.

Then you fit the valve to nmake sure that you
will not have any further conditions where pressure
woul d cause this to clanp, i.e., we stabilize this at
6, 000 pounds of pressure several different tinmes to
make sure that we have no cl anping. Then we cone back
when we fit the valve and then we go through the normal
functional ATP of the servo val ve.

v, therefore, check to see if we have any
bi nding or sticking of that valve, and then you open up
the clearances basically to neet your friction
requi rements that were earlier discussed that are in
the ounces on the primary slide, roughly around 12
ounces. The secondary is a little higher because it
has the effects of the detents springs.

MR MARX: Could particulate matter or sone
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debris also reduce the dianetrical clearances in
certain areas of the valve that could increase to
cl anpi ng forces?

THE W TNESS: Understand the way the servo
val ve is designed. It's much like in your garage
you' ve got dikes or wire snips, and that's the way the
servo val ve is designed. You' ve got two pieces that
act |ike scissors or wire dikes.

Li ke anything, if you have scissors -- if you
have a pair of scissors that are a little worn and the
nut's basically backed off and you get a bigger gap in
there and you go to cut sonething, it will get jammed
up in between there.

Well, when you' re tal king about 150
mllionths to 200 mllionths, that doggone thing is
just about on top of the other bl ade. The materials we
use are 52-100, which holds a very high Rockwell
hardness in the 62 RC category and the nitroloid that
the primary slide is nade of is a 58 RC They act |ike

any very high strength dikes.

If there's anything that would fall in there,
as the chip shear test shows, it would be severed. The
particulate small in the mcron level that you're

tal king about, there is probably nothing that has that
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kind of shear strength to withstand that kind of --

MR MARX: Is it possible to get a very soft
material stuck that would not |eave a mark against the
outside dianmeter of the spool in reference to the ID of
their main surfaces?

THE WTNESS: Are you asking nme to specul ate
t hat ?

MR MARX: Yes. | mean, is it possible to
get soft material in there?

THE W TNESS: I"'m sure it's possible. |1
don't believe that that would be the case based on the
clearances that we're dealing with here.

MR MARX: Well, the clearances are being in
t he nei ghborhood of 1.5 to 2 microns on each side, as
was testified by, | think, M. Turner was the one that
gave us that. It was in the neighborhood of 4 to 5
m crons throughout the whole dianeter, which is a very
smal | di stance.

I just wanted to clarify about this clanping.
The clanping that we are speaking of is one in which we
have a reduced ID or an expanded OD or sonething that's
in between it that could do the sane thing. This stil
woul d be an active scenario for clanping or for

sticking of the valve, wouldn't it?
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as we spoke

earlier. Two weeks ago, we checked to see if clanping

was an i ssue. Cl anping had no effect on this valve.

MR MARX: During the last test that you're

tal ki ng about, you specifically did put mat

erials

between the IDs and the ODs, or did you just do shear

tests?

THE WTNESS: No, we didn't

do --

what |'m

speaking to is the fact that when |I was speaking of

clanping, | amtalking about the effects of higher

pressures comng into the servo val ve.

MR LAYNOR M. Wik, | think M. Marx is

deferring to me to ask a question that

to ask the previous wtness.

he's been trying

Were you present during the test where the

pressure differentials were neasured between the

pressure and return for the A and B systens to

determ ne residual pressures under different jamm ng

posi tions?

THE W TNESS: Yes, | was

MR LAYNCOR The tests were conducted with

the -- if you can refer to Exhibit 9-AH page 2, |

guess it is. I think there's another

exhibit that also

di scusses these tests, but we'll use this one. NOW
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the tests were conducted with four different

condi tions. Two of which involved the secondary spoo
jamred to the housing in both directions with the |eft
rudder input and the right rudder input, and assum ng
that the jam occurred with the secondary spool at the
full travel to the external stop and the primary spool
or slide free to nove. Is that correct, are they the
first two conditions?

THE W TNESS: I believe I heard you
correctly.

MR, LAYNOR The other two conditions assuned
that the -- or actually were conducted with the primary
slide jammed to the secondary with both a left and a
ri ght rudder command, and the secondary free to nove to
control the fluid flow through the servo valve. 1Is
that correct?

THE W TNESS: Yes.

MR, LAYNOR | think what M. Mrx was trying
to establish in questioning M. Cine earlier is that
if we were to assune that the secondary slide for sone
reason, perhaps sonething like contamnation in the
secondary slide pick up area, were to nove prematurely
and nove to the internal stop rather than the external

stop and then becone jamred, what would the residual
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pressure be or the residual percentage of rudder, and
what travel would the rudder be able to go with power
conmmrand?

THE W TNESS: Let nme first off say, that when
you start getting into the system that's not ny area
of expertise. That's Boeing's. So ny answering woul d
have to be based on just what the gages read and where
we put the positioning of the slides.

In terns of references to what the rudder
woul d do and that sort of thing, you' ve had testinony
and |I'm sure you can get Boeing to conme back up here
and explain it. I"d be glad to answer to you on where
what pressure of readings we got at certain specific
positions of the slide.

MR LAYNCR I think that that would be
sufficient for our purposes. Wiat we're trying to
ascertain is if the secondary were to travel beyond the
external stop to the internal stop, what would these
first two conditions have produced as far as available
rudder travel and residual position with the best nul
avai | abl e?

THE WTNESS: Are we working with nunber one?

MR, LAYNOR If we are working with nunber

one, and I'lIl perhaps go a little further into that in
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t he questi oni ng. In our exam nation of these
conditions, it appeared to us, at least, that the
relative primary and secondary slide positions for
nunber one if the left rudder command and the maxi num
opposite travel of the primary spool would be the sane
condition, that you would have in condition nunber four
the sane relative position for the primary and
secondary spool when the secondary spool was fully
driven to the internal stop

THE W TNESS: Could we have a definition of
left rudder? | guess, left rudder is extend ram or
retract ranf

MR LAYNCR I think left rudder is retract.
I"'mtold it's extend.

THE W TNESS: The left rudder is extend
conmmrand?

MR LAYNCR Yes. Is that correct?

MR MARX: The actual pressure neasurenent
for those tests are in Exhibit 9-R page 3.

THE W TNESS: That's probably the better
| anguage for me. Again, M. Laynor, understand that |
am sonewhat famliar and | have learned a |ot through
this investigation and what it does on the airplane,

but ny know edge is basically extend or retract on the
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mai n PCU

Wen it's integrated into the system that
goes into the line of questioning for Boeing.

MR LAYNCR The nunber one scenario is
secondary retract |inkage stop. | suppose instead of
i nkage stop, we would say what would that be if it
were on the internal stop?

THE WTNESS: Are we in test condition one
now?

MR LAYNCR Test condition one.

THE W TNESS: If you have a secondary retract
agai nst the |inkage stop, that would create an extend
command on the PCU rudder. Basically, a 12 percent
residual pressure says that if the secondary was
against its linkage stops and held there, it would be
basically getting an extend PCU conmand and you tried
to go retract on the RAM you would reduce the ability
| oad output to within 12 percent.

MR, LAYNOR: Basically, the ram would
neutralize within 12 percent of its output force.
That's the closest to the null position that you could
achieve by full novenent of the primary slide. I's that
true?

THE W TNESS: That's true.
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MR LAYNOR NOW if in condition three --
and | know there's some problemwth the signs in this
exhibit when you look at it in the terns we are now.

But condition three would be placing the secondary
retract to the internal stop rather than the |inkage
st op. The residual pressure appears to be 58 percent
in the same direction as it does in test condition one.

THE W TNESS: In this case assimlating that
the primary --

MR, LAYNOR: VWll, ny question is could that
condition be conparable to a secondary spool, a
secondary slide jam at the internal stop?

THE W TNESS: The physical positions are the
same, but the condition of failure is different and the
ability to get output force is different. Basi cal |y,
you have a 12 percent reduction within -- I'mtrying to
find the words, M. Laynor, to explain this.

MR LAYNOR: Maybe we can let it go, but what
it appeared to us, at least, is that if you noved the
secondary slide to the internal stop, beyond the
external stop to the internal stop and jammed it, you
woul d have the conditions that you had in condition
three when you noved the primary slide full stroke in

t he opposite direction.
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In that case, a residual pressure would
result in a 58 percent of |oad down or nmaxi num pressure
condition rather than 12 percent. The avail abl e travel
woul d be between 58 percent and 100 percent in one
direction, but it could not go in the other direction

THE W TNESS: The difficulty that comes in
this data is the way it's presented is it's taken
through two different |evels. There's a servo |evel
and then there's a PCU level, and then there's the
airplane and what it does in the airplane. [ think
this is where we are running into some problens in
trying to interpret what it says.

It says the sane thing. I think, in
testinony given earlier that, again, the residual in
the first two cases show that you can't reduce the
effects of the secondary being jamed agai nst the
i nkage stops.

In the case three and four, in the event that
the primary slides beconme jamed at full rate, you have
full authority with the secondary slides, no matter how
far they travel, that's against the internal stop. At
that rate, you'll have the authority of wherever the
secondary slide goes. In actuality, you would have

authority in both directions of the extend, retract or
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| oad out put.

MR, LAYNOR I"m not going to pursue it any
farther. I"'mgoing to turn it back to M. Mrx, and
hopefully he won't either, but --

MR MARX I just nerely |ooked at the
pressures and we went through this once before with M.
Cine, and it had to do with the C2, C pressures
versus the C4, C3 pressures. Looki ng at that, |1
believe he testified, and | concur with his testinony,
that the rudder would be going left at that position.

THE WTNESS: Wiich case are we speaking to?

MR MARX This is nunber three, test

condition nunber three, Exhibit No. 9-R Roneo, on page

3.

THE W TNESS: Ckay.

CHAI RVAN HALL: M. dark?

MR CLARK | have no questi ons.

CHAI RVAN HALL: You have no questi ons. M.
Schl eede?

MR, SCHLEEDE: Just a couple here, hopefully
bri ef

M. Marx asked you about the design of the
dual concentric servo valve, and | was confused about

your answer. Wio was prinmarily responsible for the
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design of the 737 servo valve? Ws it Boeing or
Par ker ?

THE W TNESS: I think we can get that
information to you. I"m probably not the right one to
ask. That tine frane was, obviously, a little before
ny tinme.

MR, SCHLEEDE: Just, as you know, we have in
the exhibits sone docunents that pertain to an incident
i nvol ving a 747-400. I don't want to go into great
depth, because the exhibits speak for thenselves. |
just want to know if you have reviewed -- | know you
have worked on this case, but have you reviewed the
report of the 747 incident involving a British A rways
ai rpl ane?

THE W TNESS: | have participated and am
still participating in an investigation with the Boeing
conpany, where the Boeing Conpany has been a lead in
this investigation, and we have provided services to
them W have seen the report, and we are basically
just now in the process of going through the report and
eval uating what it is.

MR,  SCHLEEDE: This is the report we're
speaking of it's Exhibit 9-Q the A r Accident

I nvestigation Branch Report from the United Kingdonf?
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THE W TNESS: That's correct.

MR, SCHLEEDE: I was going to ask you if you
could coment on the findings, whether you agreed or
not . Do you have a position at this point?

THE W TNESS: I think we would like to defer
until we've |ooked at it further.

MR, SCHLEEDE: One little question about the
Sahara Airlines or the 737 incident. I know you
clarified the record about the servo valve under a test
condition reversed, not the full up PCU. But ny
guestion was if the servo valve, control valve does
reverse -- and | realize it's a simulated situation
when it did reverse -- can you explain why since it is
a control valve that it wouldn't reverse the PCU in a
full up unit?

THE W TNESS: | guess the understanding is
that you have to understand in order to have a
reversal, you have to have three things occur
si mul t aneousl y. Those three things don't happen except
for out here in space, there's probably a probability
nunber for it. But it is a renote line up of
conditions in order to have that reversal

So under nornmal operation that happens as we

have -- it's taken us this long to cone to the
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recognition that this condition existed, you can see
that the renote possibility is renote. So for the
Sahara one, it's basically one of those cases that you
have to go to that renbte condition and test for that
renote condition before you can get the reversal.

That's what we do now with the ADis we go to lining up
three of those issues that need to occur sinultaneously
and then check it to see.

In that failure node, the Sahara would do it.
But the Sahara unit at the top level, at the top |eve
PCU, does not have those three elenments in the failure
node. So it cannot happen.

MR SCHLEEDE: | understand now. Thank you
One other question on the standby rudder actuator. |
know you were here during M. Turner's testinony
regarding a jam in the standby rudder actuator. |
want ed your comments. Do you agree with his testinony
about the conpliance in the PCU that will allow nornal
operation of the continued operation of the rudder wth
a fully jamed standby?

THE W TNESS: Qur responsibility stops right
around the pilot input point on the PCU. In ternms of
anyt hing back fromthat point is out of our

jurisdiction or out of our technical expertise. W're
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just a PCU manufacturer.

MR SCHLEEDE: Well, wthin the PCU itself,
are you aware of any occasions of jans that may have
been caused by external foreign objects other than what
we' ve tal ked about already within the servo valve or in
the summ ng | evers? How about external interference
with the operation of the PCU?

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

MR SCHLEEDE: Thank you.

THE W TNESS: Could I clarify one thing, M.
Hal | ?

CHAI RVAN HALL: Surely.

THE WTNESS: At break, | think there was
sone m sunderstanding by some of the NISB people in ny
testi nony about the Pittsburgh accident in the hanger.

I want to make it clear that it's only a possibility
that in the future that if this tragedy ever happens,
hopeful ly never, that participation from i.e., the
Boei ng systens group or sonething cone in to assure
that there is no novenent.

However, | want to state for the record, that
I do not believe that there was any novenent to the

unit in the handling fromthe accident site to the
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hanger . That the bent rod in itself secure that the
rudder was in the position that it was when it inpacted
or just slightly off that, depending on the progression
of the inpact on the vertical fins.

So for the record, please understand that the
rudder PCU information available to us at two degrees
right, | believe, that is the case.

CHAI RMAN HALL: M. Wik, | appreciate that
comment, but | want to be sure you understand and al
the parties understand that if there's anything that
the NTSB needs to be doing better, tell us. That's the
process here. Everybody has invested a lot of tine and
effort into this investigation. Everybody is com ng
here wanting to find the cause.

If there's sonething that wasn't done
properly and it was the NTSB that didn't do it
properly, then as the head of the NTSB, | want to know.
You have nentioned in a lot of your questions here that
you have to defer to your custoners. Vell, the board
has custoners too we've got to report to. I want to be
sure that the report we give is a full one.

NOW if you could help nme and I'm not going
to get into technical questions about the slides or

anything, but I want to go back and ask you if you
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could give nme an overview and an understanding from the
Col orado Springs' accident. Wt has been done in
terns of |ooking at that rudder, whether it was the
FAA, the study that's going on right now, the study

t hat was

-and if it was just limted to reversals, it
was just limted to reverses.

But could you tell me what's happened between
Col orado Springs and now that Parker Hannifin has
participated in in regard to |ooking at that rudder? |
would Iike to lay that on the record. I think the
American people ought to know what's been done. |
think a lot's been done, but | would like to get it out
in the way people can understand it.

THE WTNESS: As it was testified earlier by
M. dine, once there was an understanding of the
condition that resulted out of the extensive
i nvestigation Mack Moore unit 2228, we felt that there
needed to be sonme inprovenent on this renote failure,
that it needed to be elim nated.

so we, therefore, redid the internal stops on
the primary around the secondary slide to restrict
valve, and that's basically the AD that has gone on.
W believe that that in itself, along with scrutiny of

the rudder in determining its performance just in terns
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of the performance paraneters, we felt that they were
still in line. That we have covered these sort of
things that were failure nodes. As | said, this was a
renote one. We have elimnated this renote failure
nmode

Let nme add to the fact that in precautions,
one of the things that we did learn is that there has
to be some very specific guidelines on how to put this
thing together and how to nmanufacture it.

Due to the nature of the product, it is very
performance oriented to the aircraft that it has to
have high standards in the quality world, and we have
put numerous additional steps within our route sheet on
how to manufacture and how to assenble this that has to
be bought off by a quality organization, which is
different from your manufacturing organization

Therefore, you have another set of eyes that
are looking at this and determning that it's not
deviating from blueprint or performance requirenents.
So, basically, | think the manufacture in itself has
tightened down its standards and left no room for
guesswork or just the hand me down attitude of giving
journeyman and then working them into technica

experts. We now have a docunented procedure on how to
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put this together and disassenble it and manufacture
it.

CHAI RVAN HALL: Thank you for that report.
NOW if you just help ne on one little item here so |

can agai n under st and. The rudder on the 737 is noved

by what ?

THE W TNESS: By this PCU.

CHAI RVAN HALL: By the PCU. And it has what
two or three nmajor parts. I's that correct?

THE W TNESS: ['m sorry?

CHAI RVAN HALL: conponent s. What are the
maj or conponents of the PCU?

THE W TNESS: There i s bypass. There's a nod
pi ston. There is a main PCU -- or the main control
val ve. There's an el ectro-hydraulic servo val ve.
There's a sol enoi d. There's sonme inlet checks and sone
filters. Each one of those are individually checked,
pl us sone connectors.

CHAI RVAN HALL: How many of those itens have
been | ooked at as part of you-all's work? Al of then®
Sone of thenf?

THE WTNESS: Well, when they're integrated
at the top assenbly, all of themare |ooked at in terns

of how they interact with one another. Then down at
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the detailed level, we've |ook at the servo valve.
W' ve | ooked at the solenoid a little closer. W' ve
done sonme external tests on that.

CHAI RVAN  HALL: Now this PCU is manufactured
to certain specifications, | assune?

THE W TNESS: That is true.

CHAI RVAN HALL: Are those specifications
approved by who? They cone from Boeing and you-all do
t he manufacturing?

THE W TNESS: That's correct.

CHAI RVAN HALL: Is there an FAA requirenent
on that unit or is that a Boeing iten?

THE WTNESS: Yeah, it's a Boeing item Yes.

CHAI RVAN HALL: NOWN the particular unit that
was on the accident aircraft, had you-all done all the
service on that particular unit since manufacture?

THE W TNESS: That's correct.

CHAI RVAN HALL: How many tinmes had it been in
for service?

THE W TNESS: One time after origina
manuf act uri ng.

CHAI RVAN HALL: Dd you have, | assune, in
your conputer what it cane in for at the tinme it was

servi ced previously?
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THE W TNESS: That's correct.

CHAl RVAN HALL: Wsat was that, please?

THE W TNESS: Ext er nal | eakage.

CHAI RVAN HALL: Ext ernal | eakage. Now t he
filters on these units, how often are they supposed to
be changed?

THE W TNESS: Parker's policy is anything
that comes in is replaced, we replace that as a
standard item

CHAI RMAN HALL: No, I'mtalking about is it
changed in the field at all by the conpany?

THE WTNESS: Wen it comes under our roof,
Yes, we replace it. I[t's up to the airlines as to when
they renove it.

CHAI RVAN  HALL: How often should the filters
be repl aced?

THE W TNESS: I think there is sone
requirements within a Boeing standard, but | don't know
if I can answer that.

CHAI RVAN HALL: | mean, |I'mtrying to get
this. | can understand, | have to change ny oil every
3,000 mles. It used to be 10, 000. Now they tell you
to do it every 3,000. Is there sonmewhere sonebody

knows how to properly maintain this thing? |'msure
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there is. USAir comi ng on that. Ckay.

Do you-all have a recommended interval that
filters are supposed to be changed?

THE W TNESS: | think we would follow in the
line of what Boeing recomended.

CHAl RVAN HALL: Wwell, 1 guess we'll have to
pi ece everything together as we go. W would |ike
to -- M. Wik, you are going to stay with us this
week, right?

THE W TNESS: Yes.

CHAI RVAN HALL: | appreciate, you' ve been up
here for a long tinme, and | appreciate your time up
here. We may want to recall you, but since you'll be
here with us, that wouldn't be a problem

I would Iike to recall at this point in tine
from Boeing -- you are excused.

THE W TNESS: Thank you, M. Chairman.

(Wtness excused.)

CHAI RVAN HALL: I would like M. Cdine to
pl ease cone up if he could just for five mnutes. |
hate to have a situation where sonebody says | don't
have the answer, sonebody el se does and they're sitting
in the room So, M. dine has graciously agreed to

come up here for five mnutes.
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M. Laynor is going to handl e the questions.

You are already sworn, and,

t he m crophone.

page. )

M. Laynor, |

wi | |

gi ve you

(Wtness testinony continues on the next
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PAUL CLINE, B-737 HYDRAULICS/ FLI GAT CONTROL ENG NEER,
BOEI NG COMMVERCI AL Al RPLANE GROUP, SEATTLE,

WASHI NGTON

Wher eupon,

PAUL CLI NE,
was recalled for exam nation by the NISB and, having
been previously duly sworn, was exam ned and testified
further as foll ows:

MR, LAYNOR Wl cone again, M. dine. M.
dine, 1 think you understand the question | wanted to
recall you for. But if we can refer to Exhibit 9-AH
page 2 or Exhibit 9-R where we have the pressure
differential neasurenents across the servo valve during
the test where we jam the spools in various positions.
You're famliar with that test, are you not?

THE W TNESS: Yes, | am

MR, LAYNOR The question is that if the
secondary slide over traveled for whatever reason to
the internal stops and jammed at the internal stop
instead of the external stop, what would the avail able

rudder travel bpe and what would the point at which the
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rudder stalled or the residual position be?

THE W TNESS: The condition you're talking
about with the positions of the slides is the same as
those positions represented in condition three. In
condition three, we're simulating a primary jam and
that's why you see the nunber as a positive 58 percent.

If you look at this assimlating a secondary
jam so that the secondary jamis at the internal stop
and we're trying to overcone that with the primary, you
have to consider that a mnus value, a negative 58
per cent.

So, What that really nmeans is that in this
case, once you've got the secondary to the internal
stops and you've jammed it there, that was a |eft
rudder conmand that got it there and now you try to
bring it back with the primary, you will only be able
to bring it back to 58 percent of the bl ow down val ue.

I have to point out that in order to get the
secondary jamred at the internal stops, it really takes
three series of events or failures. First of all, you
have to have sonething that can overstroke the
secondary to get it to the internal stop. That woul d
be something like a primary or secondary jam

Once you get the secondary to that interna
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stop, then you have to jam the secondary and unjam the
primary. So that's three separate events to get there.
If you do that, you will be left with a 58 percent
resi dual pressure, which is 58 percent of the hinge
moment .

I would like to also point out that that 58
percent hinge nonment on the case of the USAir flight
427 airplane, it would be consistent or inconsistent
with the full rudder blow down deflection required to
produce the yaw nonment that M. Kerrigan has previously
testified to.

MR, LAYNOR Let's revisit just a little bit
the conditions it would take to get the secondary jam
to over travel. Is there any possibility that
contam nation in the slot in which the roller picks up
the secondary slide could cause a premature pick up of
that slide without having a jam of the primary?

THE W TNESS: Yes, that would cause a
premature pick up and it would cause additional stroke
of the secondary equal to the nagnitude or whatever
piece of material that was in that slot.

MR LAYNCR So if there were 100 mcron
particle, it mght over travel a certain distance of

twenty thousandths?
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THE WTNESS: Yes, it would over travel. If
the particle was inconpressible, it would over trave
100 microns.

MR LAYNCR Just for clarification, under
t hose conditions, if the pilot tried to introduce right
rudder that's jammed after a |left rudder command, his
pedal would effectively be jamed by the feedback
nmechani sm t hrough the pilot control [|inkage?

THE W TNESS: NOW this is after we've
conpleted the three events to get to this?

MR LAYNOR Yes.

THE WTNESS: Yes, his pedals would conme up

agai nst the external nmanifold stops and he would -- to
him they would feel like they were jamed in the one
di rection.

MR, LAYNOR So he would have left pedal to
control the rudder fromthis 58 degree or 58 percent,
I"'msorry, residual position to full travel to the
bl ow-down limt, but he could get nothing |less than the
58 percent |eft rudder. He could get nothing to the
ri ght?

THE W TNESS: That's correct.

MR, LAYNOR Thank you, M. dine.

CHAI RVAN HALL: Thank you very much for your
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willingness to cone up and you' re excused.
THE W TNESS: I would like to say that |
apol ogi ze for the initial confusion on that when M.
Cark was on the right Iine of questioning and I
t hought we understood each other in our answers and he
really didn't. Thank you.
CHAI RVAN HALL: Well, thank you.
(Wtness excused.)
CHAI RVAN HALL: Do we need a break? Are we
at a break point or not? WlIl, who is next? M.
Jakse. W& will be calling M. Jakse, but before we
call M. Jakse, there seens to be sentinent at the
table and stirring in the audience, so we'll take
another 15 mnute break and return, please, pronptly in
15 m nutes.
(Whereupon, a recess was taken.)
CHAI RVAN HALL: We will reconvene this
heari ng. The witness previously called is M. Frank
Jakse. He is a senior research specialist with the
Monsanto Conpany in St. Louis, Mssouri
el cone, M. Jakse

(Wtness testinony continues on the next

page. )

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



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

859

FRANK JAKSE, SENI OR RESEARCH SPECI ALI ST, MONSANTO

COWPANY, ST. LOU'S, M SSOURI

Wher eupon,

FRANK JAKSE,
was called as a witness by and on behal f of the NTSB,
and, after having been duly sworn, was exam ned and
testified on his oath as follows:

MR.  SCHLEEDE: How | ong have you been wth
t he Monsanto Conpany?

THE W TNESS: I've been with Monsanto for 15
years.

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

THE W TNESS: Yes. I have a bachelor's of
science, master of science in chemstry. I"ve been in

research and devel opnent in the industry for 15 years.
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In the last three years, |'ve been devoting ny tine to
Skydrol technol ogy and technical support.

MR,  SCHLEEDE: Thank you. | believe M.
Sasser is going to begin the questioning or M.

Philli ps.

MR, PHILLI PS: M. Jakse, in your duties at
Monsanto, what are your responsibilities and what do
you do on a day-to-day basis for Mpnsanto?

THE W TNESS: I am senior research speciali st
responsi ble for Skydrol mnarketing technical service. |
assist the sales people in explaining the technica
aspects and performance characteristics of our Skydro
fire resistant aviation hydraulic fluid.

I am al so technol ogy team | eader for Skydro
for new product devel opnents and al so oversight of our
fluid anal ysis service.

MR PH LLIPS: Wat is Skydrol?

THE W TNESS: Skydrol is a synthetic fire
resistant hydraulic fluid used exclusively in aviation
hydraul i cs. It consists of a phosphate ester base
stock which in partes the fire resistant
characteristics to it. They are blended up with a
precise mxture of performance additives that in parte

certain performance characteristics to the fluid.
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MR. PHILLI PS: Do ot her conpanies other than
Monsant o manufacturer hydraulic fluid?

THE W TNESS: Yes. Chevron is a conpetitive
of ours. They also supply a fire resistant phosphate
ester based hydraulic fluid to the commercial aviation
i ndustry.

MR, PHILLI PS: To the best of your know edge,
what type of hydraulic fluid was in the accident
airplane, the USAir flight 427?

THE W TNESS: The Boeing 737-300 was serviced
with fire resistant hydraulic fluid.

MR. PH LLIPS: Wuld that have been Skydrol
your product?

THE WTNESS: Actually, it would be a
m xt ur e. It is predomnantly Skydrol, but as part of
the certification of the hydraulic fluids, they nust be
m xabl e and m scible and conpatible with other fluids,
ot her phosphate esther fluids in any and al
proportions. So there was a mxture of our product and
the Chevron product in flight 427.

MR, PHILLI PS: Coul d you characterize the
percent age concentrations of Skydrol versus Hyjet,
bal | park figures?

THE W TNESS: In ballpark figures, | think it
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was, if | recall the nunbers correctly, it was 84
percent Skydrol, 16 percent Hyjet.

MR, PHILLI PS: Have you participated in the
investigation of the USAr 427 accident?

THE W TNESS: Yes, | have

MR, PHILLI PS: In what capacity?

THE W TNESS: The NTSB requested of Monsanto
support in the investigation and analysis of the
hydraulic fluid fromthe accident aircraft. W have
been a manufacturer of Skydrol for over 40 years to the
i ndustry.

NON naturally we have a vast history of
experience with the fluid and understanding the
chem stry invol ved. W al so operate an in-service
fluid analysis program for our custoners. So we have
experience in analyzing hydraulic fluid.

MR. PHLLIPS: As part of the investigation
you were called upon or Mnsanto was called upon to
assist in the examnation of the accident airplane's
hydraulic fl uid. Is that correct?

THE W TNESS: That's correct.

MR, PHILLI PS: | believe you also were
involved in sanpling or testing sonme other sanples of

hydraulic fluid renoved from other aircraft, 737
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aircraft. Could you briefly describe the process and
the findings for that testing?

THE WTNESS: Are you talking specifically
about what anal yses we have perfornmed?

MR PHI LLI PS: Yes, first of all, | would
like to have a general overview of what sanples were
taken and what the process was for analyzing the
sanpl es?

THE WTNESS: At the direction of the NTSB
sanples were collected from the in-service operating
fleet of 737 aircraft. These fluids were collected
fromthe A and B reservoir and A returned and B
returned on each aircraft. Aircraft selected were from
Sout hwest Airlines, United Airlines and USAir. That
was one category of sanpl es.

Anot her category of sanples were collected
from rudder PCU units that were returned to Parker for
servicing or maintenance. I don't know the details of
why they were returned. Fluid was collected from these
rudder PCUs, fromthe B link cavity, A return yaw
danper, B large filter, | believe, were the four
| ocati ons. That was the second category of sanples.

The third category of sanples were fluid

sanples collected at various |ocations fromthe

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



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

864
accident aircraft.

MR, PHI LLI PS: These sanples were tested
wher e?

THE W TNESS: These sanples were first tested
in our laboratory in St. Louis as part of a -- it was
what woul d be categorized as a wet chem cal analysis.
These fluids, if we had sufficient volune, and in many
cases we did not have sufficient volune, we subjected
the fluids to our standard anal ysis program which
consists of just a physical appearance and observation
of color and clarity of the fluid, water content,
acidity, chlorine content, specific gravity, and then
gas chromat ogr aphy.

O these tests, all of them except for acid
nunber, were addressing the potential contam nation of
the hydraulic fluid. water, chlorinated solvents are
all -- 1 don't want to say routine, but are found quite
often in used hydraulic fluid.

Specific gravity also addresses the issue of
cont am nati on. The phosphate ester hydraulic fluids
have a distinctive specific gravity. The introduction
of other fluids that may be used around in service of
the aircraft, if they were introduced inadvertently

into the hydraulic fluid, specific gravity would pick
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t hat up.

Gas chromatography is even nore sensitive to
detecting the presence of soluble inpurities in the
fluid, contamnants in the fluid.

MR PHI LLI PS: Coul d you summarize your
findings concerning the USAir flight 427 sanpl es?

THE W TNESS: The sanples that we anal yzed as
part of the in-service fluid program they all net the
in-service limts as specified in the Boeing 737
servi ce nanual . If they were characterized or they did
have a high particle count, the service manual does not
specify an in-service limt for particle count.

W revert back to an NAS 16-38 class 9
specification as far as an in-service limt. That is
defined in a Boeing docunment discussing hydraulic fluid
contam nants for hydraulic fluid in new delivered
aircraft.

MR, PHI LLI PS: Coul d you describe the class
of fluid that you found in the USAir airplane PCU?

THE WTNESS: W found rather high
concentrations of particle counts in the rudder PCU
fluid sanples taken from the accident aircraft.
Specifically, the B link cavity had what | would

characterize as a very high count level in terns of
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particul ates.

MR PH LLIPS: Was there any attenpt to do
further analysis of the fluids beyond the systens that
were avail able at Monsant0?

THE W TNESS: In the case of the hydraulic
fluid, per se, no, we didn't pursue the analysis of
particulates in terns of what their conposition was.

MR PHI LLI PS: In the other fleet sanples
that were taken, | suppose were taken as a baseline to
conpare agai nst the USAir 427 sanpl e?

THE W TNESS: That's correct. That was the
i ntent. It was to determ ne what the baseline fluid
characteristics were at these various points on the
aircraft.

MR PHI LLI PS: Coul d you generally
characterize the differences between the accident
airplane's fluid sanple and those of the other sanples
t aken?

THE W TNESS: In ternms of what | would cal
the wet chemstry, we didn't see any difference between
the 427 fluid and in the baseline fluid. Essentially,
all fluid sanples that we analyzed net the in-service
limts as specified in the 737 service nmanual

In terns of particle counts, we did see sone

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



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

867
high levels of particle counts in the in-service fleet.
There's really not a direct conparison you can nake
bet ween sanples that were pulled from the rudder PCU of
the accident and aircraft and the in-service sanples,
because they were collected at different |ocations.

MR, PHILLI PS: Coul d you give us an idea of
the sensitivity of the sanple nethod, the variability
and results depending on the cleanliness and the
nmet hods used in sanpling the fluid?

THE W TNESS: Yes, our experience has been
that particle counts are very sensitive to the sanpling
techni que and handling of the sanple. Specifically, we
supply clean sanple bottles for our custoners who w sh
to sanple their fleet. These bottles are certified to
be clean to a class 1 or zero |evel. So we are certain
that on the collection of the fluid into the bottle,
the bottle will not introduce particul ates.

The 737 service manual gives a technique for
collecting a proper sanple. They indicate that sone
fluids should be drained prior to catching a mdstream
sanpl e, because of the possibility of settling in the
reservoir and getting a nonrepresentative sanpling as
far as particle counts is concerned.

I would also add that in terns of the
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collection of sanples from the rudder PCU we heard
testinony this norning regarding sanples collected by
pouring fluid out of the filter bow. Once again
that's not a -- that's a non-standard nethod, if you
will, of collecting fluid sanple for particle counts.

The | ocation of where you take the sanple on
the aircraft, how you collect the sanple, and what type
of bottle, all play a role in what your ultimate counts
will be on that sanple.

MR PH LLIPS: W heard earlier testinony
relative to the size of the mcron and how small sone
of these particles are that we're speaking of. Coul d
you briefly describe the equipnent used to identify and
even count particulates in hydraulic fluid?

THE WTNESS: W do have a slide show of sone
of the anal yses, analytical techniques we use. Per haps
| could go through that, if you don't m nd?

MR PHI LLI PS: It would be fine with ne.

THE W TNESS: Could I have the first slide,

pl ease?

(Slide shown.)

THE W TNESS: This | aboratory here is our in-
service fluid |aboratory. It is dedicated exclusively

to the analysis of fluid sanples submtted by our
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cust oners. There are a nunber of techniques. "1l go
t hrough some of them individually.

Essentially, when we receive a sanple, we |og
it in, establish a |log nunber, and then the sanple goes
t hrough a nunber of stations to determine the different
guality neasures that were taken on the fluid.

Can | have the next slide, please?

(Slide shown.)

THE W TNESS: In 1994, we did over 7500 fluid
sanples for our custoners in the industry. Needl ess to
say, we have to adopt sonme automated techniques. Thi s
is an auto-type reader to neasure acidity in the fluid.

Next slide, please?

(Slide shown.)

CHAI RVAN  HALL: M. Jakse, | believe those
slides are submtted as exhibits, are they not?

THE W TNESS: That's correct.

CHAI RVAN HALL: If you would not mind, M.
Phillips, | guess, for the record, they are not from
Exhibit No. 9-Z

MR PHI LLI PS: That's correct, 9-Z

CHAI RVAN HALL: Pl ease proceed.

THE W TNESS: Shown here is our gas

chr omat ogr aph. W use gas chronatography, like | said
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earlier, to detect the presence of other fluids that
may be present. W also can determne the
concentration of our product versus the conpetitions.
A very accurate, very sensitive nethod for detecting
contam nants, volatile contam nants.

Next slide, please?

(Slide shown.)

THE W TNESS: This addresses M. Phillips
questi on. This is a highyac automated particle
counter. This allows us to do particle counts on a
sanpl e. It's a laser light scattering nethod. W can
do an analysis of particle counts in the fluid in a
matter of a few m nutes.

The alternative is a manual particle counting
nmet hod, whereby a | aboratory person would filter the
fluid, collect the mcron-sized particles on a filter,
put that filter under a mcroscope, and then visually
manual |y count the particles in a specified grid area.
That nethod takes on average an hour and a half to two
hours per sanple versus a couple of mnutes for this
t echni que.

There are differences between the two
nmet hods; manual versus automated. The | aser I|ight

scattering nethod has been determ ned to be nore
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sensitive to smaller particles. That is in the range
of five to 15 m crons. The manual particle count
nmet hod appears to be nore sensitive regarding |arger
particles and fibers, as well.

Can | have the next slide, please?

(Slide shown.)

THE WTNESS: W have now sw tched venues.
I'"ve gone through the wet chemistry analysis of the
fluid. The NTSB requested that we do a chem ca
conposition of the particles in the fluid to determne,
if we could, the origin of these particles. | nmust say
right at this point that we have never, to ny
know edge, undertaken such a study. W do have the
equi prrent and the personnel and the expertise to work
with mcron-sized specinmens, but we have never worked
with mcron-sized particles from aircraft hydraulic
syst ens.

Wat we're looking at here is a 48 transform
infrared spectronmeter with a m croscope. In this
nmet hod, essentially we collected the particles on a
filter. Then our scientists picked out by hand
selected particles fromthat filter pad, placed them on
a salt flat and then placed them under the infrared

microscope.
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She then positioned the sanple into the
infrared beam and took an infrared spectrum The
infrared spectrumis, in many instances, a fingerprint
for the material you're |ooking at.

It's not fool proof, however. In that, if
you do not have a library of spectra to conpare against
or pure conpounds to conpare against, you will still
get an infrared spectrum but in nany cases, you may
not be able to conclusively identify what the nmaterial
I's.

May we have the next slide, please?

(Slide shown.)

THE W TNESS: The second phase of identifying
the conposition of the particle was el ectron
m croscopy. It's a scanning electron m croscope
t echni que. W took the sanme filter pads that were used
in the infrared investigation, took a pie wedge out of
that filter pad, nounted it on a specinen platform and
then took three views of that sanple in the electron
m cr oscope.

This particular technique allows us to
identify elenental contamnant -- |I'm sorry --
el enental conposition of the particles. [t's

particularly good for identifying netals. Those were
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the techniques we used to characterize the conposition
of the particles in the sanples.

MR, PHILLI PS: So you used literally
everything that was available to your conpany wthin
your knowl edge as a research specialist with Mnsanto
to categorize the fluid and also identify the particles
wher e possi bl e?

THE W TNESS: That's correct.

MR, PHILLI PS: Based on those tests, do you
have any general statenents to nake about the quality
of the fluid, the condition of the fluid?

THE WTNESS: Yes. Like | said earlier, the
quality of the fluid that was available to us from
flight 427 was what | would characterize as good
service condition. I would not, if that sanple had
been received as a normal in-service fluid sanple,
there would be no action necessary by the operator in
terns of correcting any deficiencies in the fluid.

The noisture content was noderate, but it was
not beyond the in-service limt. W mght point that
out to the custoner, but like | said, the condition of
the fluid froman in-service quality aspect was good.

The particle counts were high. W provided

the information as far as infrared spectra and what we
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call elenent maps that cone out of the electron
m croscope to the NTSB

In the cases with the infrared spectroscopy,
we were only successful in identifying only a couple of
conmpounds. Most notably, teflon, which has a very
characteristic infrared spectrum

In the case of the elenment maps, we saw
met al . W al so saw fluorine, which would be consistent
with the teflon. W were not involved in further
characterization as far as identifying where the
particles came from

MR PHLLIPS: Are you aware of any other
test methods avail able that would have been able to do
additional analysis to the fluids?

THE WTNESS: No, not really. I think in
terns of what know as far as what provides good |ong-
term service of hydraulic fluid, we captured that in
our wet chem cal nethod.

MR, PHILLI PS: One final area of questioning.
You stated in earlier testinony that Mnsanto naintains
a database for custonmers or relates with custoners
relating to fluid sanples. Could you briefly describe
the use of this database and why would an operator want

to use your services?
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THE WTNESS: W have been providing a
service to our custoners, the in-service fluid
anal ysis, since 1987. In that tine period, we've
anal yzed over 30,000 sanples from various aircraft
nodel s, various operators.

What we include in that database is
essentially the information that's provided to us by
the operator. W request aircraft nodel, the carrier,
the tail nunber, flight hours, and the date the sanple
is taken and any other comments that the operator may
want to include in that particular fluid sanple.

Al the data that we generate as far as
anal yzing the fluid, that being water, specific
gravity, acid nunber, chlorine, and gas chromatography,
as well as our particle count are entered into that
data base. That allows us to do trend analysis on
fleet nodels, individual aircraft, particular carrier's
fleet, conpare that to the industry fleet perfornmance,
as well as provide us sone information regardi ng our
product's performance versus the conpetition

MR PHI LLI PS: Has USAir used those services
in sanpling their hydraulic fluid?

THE W TNESS: Yes, they have

MR, PHILLI PS: I have no further questions,
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unl ess you would like to add a comrent.

CHAI RVAN HALL: Do the parties have questions
for this witness? | see three. | see Boeing,
Machi ni sts and Monsanto. We'll begin with M. Purvis
from the Boei ng Corporation.

MR PURVI S: Thank you. Can you tell nme if
it's true that the only sanple from 427 that was
subjected to particle counting was from the |ink
cavity. That the others were too small or diluted with
test stan fluid to be sanpled or -- I'msorry -- to be
subjected to particle counting?

THE WTNESS: That's a good point. That
requires clarification. It appears that any sanples
that were designated as A system appeared to be
containing some test stan fluid. W have two sanpl es.
W have the B link cavity and the standby rudder
sanple, as well

Both sanples, as | recall, had high particle
count, but the B link cavity was the highest |evel

MR PURVIS: Wasn't the 427 link cavity
articulate level simlar to the level obtained in the
link cavities of the other six in-service PCUs that
came to you?

THE W TNESS: That's correct. Virtually
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every one, if not every one of the B |link sanples from
the rudder PCUs that were provided to us by Parker, did
have high particle counts, as well.

MR PURVI S: Thank you very nmnuch. No nore
questi ons.

CHAI RVAN HALL: Thank you. M. Wirzel with
the |AM

MR WJURZEL: M. Jakse, good afternoon

THE W TNESS: Good afternoon.

MR WJURZEL: You stated the sanpling of fluid
fromflight 427's PCU was done in a non-standard way.
Did this explain the higher level of contam nants in
t he sanpl es taken?

THE W TNESS: I, nyself, did not witness the
sanpling that you referred to. The expl anation that
was provided this norning gave an indication of perhaps
sone concern. Keep in mnd also that we're not
accustonmed or we have not had the occasion to anal yze
sanples from accident aircraft.

I"m speculating at this point, but | don't
think you can rule that out, given the sensitivity of
particle counts to the sanpling procedure.

MR WURZEL: That's all | have. Thank you

very nuch.
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CHAI RVAN  HALL: O course, M. Jakse is the
designated representative for Monsanto. Since he is a
witness, who is going to be questioning, please?

MR SI ECGEL: | am M. Chairman, Jim Siegel.

CHAI RVAN HALL: M. Siegel, please proceed.

MR SI ECGEL: Thank you. M. Jakse, we have a
coupl e of questions for you. Specifically, how high
were the particle counts in the accident aircraft
flight nunber 427 in terns of NAS 16-38 and can you put
those classes in perspective for us?

MR S| EGEL: Sure. NAS 16-38 defines fluid
cleanliness levels in five categories. That's
determ ned by size ranges. The five size ranges are
five to 15 mcrons, 15 to 25 mcrons, 25 to 50 m crons,
50 to 100 microns, and then greater than 100 m crons.

In our high particle count nethod and also in
the manual particle count nethod, the particles are
counted in those classifications. so for every sanple,
you get five nunbers.

You conpare those nunbers to a scale as
defined by NAS 16- 38. That will define the -- then
there's a nunerical class designation, dependent upon
what's the maxi num | evel s. The cl ass designation

defines the maximum particles Within that class.
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For every class increase, you're essentially
doubling the counts of particles. So, for exanple, if
you have a class 5 fluid, a class 5 fluid versus a
class 6 fluid, a class 5 fluid would be twi ce as clean,
if you will, as a class 6. A class 7 would be four
times as dirty as a class 5.

Every class increase doubles the
concentration of particles.

MR SIECGEL: \Wat was the highest
classification that was seen on the accident aircraft?

THE W TNESS: The highest classification that
is designated by NAS 16-38 is class 12. | don't recal
t he nunbers exactly, but in the five to 15 mcrons
range, it's a little over a mllion particles in the
five to 15 mcron range.

The fluid fromthe B link cavity from flight
427 was a class 12.

MR SIECGEL: Wat's the purity of Skydrol as
sold to our custoners?

THE W TNESS: The purity of Skydrol or the
specification is really defined by Boeing materia
specification, BMS 3-11. That specification defines
the cleanliness levels for new fluid. Their

specification is class 7 per NES 16-38. Qur production
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and quality control on our Skydrol fluid typically
delivers class 6 or better.

In layman's terns, then we are at a m ni mum
twice as clean as required by the BM5S 3-11.

MR SI ECEL: In your exam nation of the
fluids on flight nunber 427, can you confirm as part of
the particle identification process, whether you found
any corrosion products, rust, et cetera?

THE W TNESS: In the sanples we | ooked at, we
saw no evidence for corrosion products. The condition
of the fluid would be consistent with that in terns of
low acidity and | ow water contam nation.

MR S| ECEL: I have no further questions.

CHAI RVAN HALL: Are there any other questions
fromthe parties?

(No response.)

CHAI RVAN HALL: [f not, M. Marx?

MR MARX: In your term nology of 100 plus or
greater than 100 mcron particles, could these be
anyt hi ng say 300, 500 microns in size when you classify
those as greater than |Q0?

THE W TNESS: Yes, they could. | think in
those cases, the manual particle count would identify

those as a fiber. The highyac, since it's a |aser
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light scattering nethod, takes the nmean dianeter of a
tunbling particle.

So the highyac, if anything, would tend to
downsi ze the particles. But our channels can't
di stingui sh between 100 and 300 m crons or whatever.
We just classify it as greater than 100 m crons.

MR MARX: Well, did you |look at any of these
particles to see what they were and how big they were
in the B link cavity of the accident airplane?

THE W TNESS: In the process of identifying
the conposition of the particles, there were several
particles that we focused our infrared beam on. |I'm
speaki ng generally now, but | think the |arger
particles tended to be teflon, teflon flakes, teflon
film

MR MARX: How big were those, do you have
any idea?

THE W TNESS: The biggest that | recall
seeing was in the 150 mcron range.

MR MARX: Thank you.

CHAI RVAN HALL: M. Schl eede?

MR, SCHLEEDE: No questi ons.

CHAI RVAN HALL: M. Laynor?

MR, LAYNOR No questi ons.
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CHAI RVAN HALL: Just one question, | guess
M. Jakse. Is there anything that -- this is the first
time that you-all have participated in an accident
i nvesti gation. Is that correct?

THE W TNESS: Yes, sir, it is.

CHAI RVAN HALL: Have you learned anything in
this investigation that would lead to any changes in
your-all's procedures or standards?

THE WTNESS: No, sir, | believe the NTSB has
wor ked very diligently. In our team | have been very
i mpr essed.

CHAI RVAN HALL: Do you have anything else to
add that you feel would be pertinent, please feel free
to do so?

THE WTNESS: Well, | know there's been an
i ssue associated with standards established in terns of
in-service limts. Qur literature reconmends annual
sanpling or per the airplane manufacturer's
recomrendat i ons. It's been our experience that, in
general, that's an appropriate tine frame as far as
annual sanpling of hydraulic fluid.

However, | would caution that there are
i nstances out there were annual sanpling may not be

appropri at e.
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CHAI RVAN HALL: Does that nean that you need
to do it nore frequently?

THE WTNESS: Actually, either way. There is
sone aircraft -- sonme systens out there that would --
as newer aircraft cone on board, they are running
hotter and putting greater stresses on the hydraulic
fluid. The sanmpling may be warranted in those cases.
In other cases, there are situations where the
hydraulic fluid operates just fine.

So what | am cautioning is the establishnent
of a standard nust take into consideration inproved
system performance and reliability across the spectrum

CHAI RVAN HALL: Do you-all participate in
setting these in-service limts?

THE W TNESS: The in-service limts that we

guote in our brochure, now, |I don't know if we were
involved in it. Those were established before | cane
on board. | don't know.

CHAI RMAN HALL: Al right. Wwll, M. Jakse,

t hank you very much for your testinony. You're

excused.
(Wtness excused.)
CHAI RVAN HALL: Qur next witness if M chael
Cohen. He is the senior vice president for Engineering
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and Maintenance with USAir, Inc. here in Pittsburgh,
Pennsyl vani a. M. Cohen, if you would please cone up.

(The witness testinobny continues on the next

page. )

M CHAEL COHEN, VI CE PRESI DENT, LI NE MAI NTENANCE,

USAIR, INC., PITTSBURGH, PENNSYLVAN A

Wher eupon,
M CHAEL COHEN,

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:

CHAI RVAN HALL: Wl come, M. Cohen. M.
Schl eede will begin the testinony.

MR SCHLEEDE: M. Cohen, please give us your
full nane and business address for the record?

THE W TNESS: My nane is Mchael Cohen. |I'm
with USAir at Pittsburgh International Airport.

MR SCHLEEDE: And your position?

THE W TNESS: My position is vice president

of |ine naintenance.
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MR.  SCHLEEDE: Gve us a brief description of
your background and education that qualifies you for
this position?

THE W TNESS: Certainly. My education is a
bachel or of science degree in aeronautical engineering
with a mgjor in structural analysis and a mnor in
aerodynam cs and mat hemati cs. I hold a commerci al
pilot's certificate with an instrunent rating. I hold
a flight instructor's certificate and an airplane and
power plant nechanic's |icense.

MR SCHLEEDE: How | ong have you been
enpl oyed for USAir?

THE W TNESS: It would probably be easier for
me to explain ny background and ny enploynent wth
USAI r. I have over 20 years experience in the
aerospace industry. The majority of it being with the
airlines and other tinme wth manufacturers. | started
out as a stress engineer for North American Aircraft,

and continued as a stress engineer for the Northrup

Cor por ati on. | joined Pacific Southwest Airlines in
1977.

At Pacific Southwest Airlines, | held a
nunber of positions there. | started out there as a

mechani cal engi neer for the conpany, and progressed
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t hrough the organi zation having responsibility at
various tinmes for the nmanager of the engineering
organi zation, the director of engineering and the
gual ity organizati on.

Towards the end of the PSA era, | was the
director of maintenance. At which tinme, | was
responsible for all the maintenance that took place on
the USAir fleet; the overall maintenance, the line
mai nt enance, the shops, and all the productive
personnel that worked the aircraft.

In nmy tenure with PSA | had responsibility
at one tine for every departnment wi thin the maintenance
depart nent. In 1988, we nmerged with USAir and ny
initial position after the nerger was that of regiona
director of |ine maintenance.

I remai ned based in San Diego, California,
where | had responsibility for six line stations and
the San Diego base. At that tine, the San D ego base
was conpl eti ng heavy overhaul maintenance work on NMD 80
and British Aerospace 146 aircraft. W had the shops
that were based there, and then the various line
operations throughout California.

Subsequent to that, | becane the vice

president of operations for Pacific Southwest Air
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Motive, which was a subsidiary of USA . It was an
engi ne overhaul facility where we did USAir engi nes and
third-party work.

After ny job there, | continued on to
Pittsburgh where | becane assistant vice president of
engi neering and quality. In that job, I had
responsibility for the engineering departnent, the
guality control and quality assurance and audit
depart ment.

Then nost recently in June, | becane vice
president of |ine maintenance where | have
responsibility for 36 line maintenance stations and an
excess of 3500 nechanics.

W handle all the day-to-day operation of the
aircraft that are operational. W take care of the C
check, the B-check, the A-check, the transit check, al
of the overnight work |oad that takes place on the
fleets.

MR, SCHLEEDE: Thank you very much. M.
Sasser will continue.

MR SASSER Good afternoon, M. Cohen. M.
Cohen, can you please describe the process used by
USAir to develop and maintain their aircraft

mai nt enance progranf?
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THE W TNESS: Yes, sir. USAir develops their
mai nt enance program through a fairly conplex operation
The cornerstone of our maintenance programis the NMRB
docurment, which is the maintenance review board
docunment that is established when the aircraft is
certified, and the maintenance planning docunent, which
is the recomended itens that should be acconplished
t hr oughout the naintenance program when the airplane is
pl aced with the operator.

The mai ntenance review board docunent handl es
the mandatory itens and is established for a new
operator of the aircraft. It does not take into
consideration the experience that an operator may have
in operating that fleet or a simlar fleet of aircraft.

Once those docunents are received in addition
to the task cards that cone with the docunment, we
establish a task force at our conpany. That task force
is made up of personnel from various departnents; the
engi neering departnment, the quality departnent, the
pl anni ng departnent, the production departnent and our
program nmanagenent peopl e.

The reason this is so inportant to us is
USAir with the size that it is and the diversity of the

fleet and the experience it's had with the various
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products, brings to the mai ntenance program a | ot of
its experience over the years.

So we take the docunents, together with this
task group, and we evaluate all of the itens in the MRB
docunents and in the naintenance planning docunent, and
we determ ne whether that itemis right for the
mai nt enance that's going to take place at USAr.

By doing that, we review it with our
techni cal people and we start to establish a matrix.
That matrix is shown to take the MRB item the
mai nt enance planning item and the USAir item Thi's
gives us a history of the devel opnent of the program so
that when we are through and we audit this program we
can insure ourselves through a matrix that we have not
m ssed any itens.

Now in the case of the 737, which we're
speaking of with this hearing, USAr had had experience
with the 737 prior to the 300 com ng on board the
property. We had operated the 737-200 for quite a
tine, and we were also the kick-off customer for the
300 aircraft.

So our personnel from our engineering
departnent and production departnent were involved in

t he devel opnent of the MRB docunent. As |'m sure
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you're aware, the MRB docunent is devel oped through a
consortium of FAA personnel, the manufacturing
personnel, various airlines that have operated simlar
products, and everybody gets together to determ ne what
the proper maintenance to be done is and what the
frequency of that mai ntenance should be done at.

Again, | want to be sure to stress the fact
that when the MRB docunent conmes out, it is devel oped
from the Boeing stand point for the |owest common
denom nat or. Wen | say that, it refers to a
mai nt enance organi zation that could be very small
possibly do all of their maintenance through a third-
party operation, and not have the sophistication of
sone of the larger airlines. So we have to take that
into consideration in the devel opnent of the program

The next itemthat we do with this task force
is after the cards have been witten and the matrix has
been established, we now validate the work through all
t he groups independently. Instead of neeting as a task
force, we route the program through the various groups
so that they can bring all of their personnel together
to validate any concerns that they nmay have and bring
back to the panel or just to be insured that everything

has been covered.
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Then the final step after it has been bought
off by all the internal USAir personnel would be to
send it to the FAA for their review and approval. This
is our local office where it would go to. W send them
the entire package; the work cards, the matrix, and
obviously the MRB docunent and all the planning
docunent s.

I should also note that the FAA throughout
t he devel opnent of the program takes part in some of
our developnent. Wile they don't necessarily
designate or dictate what should be done, there's
guestions that arise and rather than wait till it gets
to the end and send it back and forth for revisions, as
a question conmes up in USAir's mnd, we will solicit
comments fromthe FAA to get their thoughts and beliefs
on how they would like to see it handl ed.

That's how we establish the program NOW
the programis a very dynam c program I[t's in
constant revision. The revisions take place for many
reasons. Primarily they take place for two reasons.
One is revisions to the MRB docunent as a new aircraft
is devel oped. It's only the initial starting point
when these docunments are rel eased. But as various

airlines gain experience with the aircraft and its
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systens and conponents, we then take that back to the

MRB, reconvene this MRB and make revisions to the

pr ogr am
In some cases, they only may be once or

tw ce. In sone cases, they may be in excess of ten

times. It really depends on the sophistication of the

systens and the aircraft.

The other nmethod that has the programin
constant change is the reliability program that is
operated within the airline. Qur airline operates a
reliability program where we collect data constantly on
the tasks that we do, on the conponent reliability, and
on the effects of delays and everything that could
possi bly affect the airplane.

In some cases, we wWill learn that an item we
are doing it too frequently and it does not need to be
acconpl i shed that frequently. So we will nodify our
programto do an extension. In other cases, we wll
find that the task we're doing or the frequency we are
doing it at may be too long termand we will shorten
t hat frequency. But it's all driven by the reliability
of the aircraft and how the aircraft perfornms in our
operation.

It's very difficult to take the information
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that the industry has with this aircraft and apply it
to a particular airline. Because, as |'m sure you're
aware, the environment with which you operate it in,
the level of naintenance you do, how often the aircraft
visits a maintenance station, all these things have an
effect on the mai ntenance program and we revise it as
t hese things change.

I should also add that any revision to the
mai nt enance program Wwhether it be through the MRB
process or through our internal process, is done by a
strict set of guidelines, which is referred to as the
M5- 3 document .

This is a nmaintenance steering group docunent
that was devel oped years ago and has been revised over
the years to bring into account the various maintenance
actions, the maintenance processees and all the
validation of the work that you do.

It's done through a group of decision trees.
Wiere you can take an experienced reliability person
and let him work through decision diagrans, getting yes
or no answers and naking determ nations of where that
program shoul d be.

MR, SASSER: Al these changes that you' ve

referred to that conme as a course of the program being
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dynamc in nature, all of those changes, are they all
coordinated with the manufacturer and the |ocal FAA
of fice?

THE W TNESS: The majority of the changes are
coordinated with the manufacturer. There's a | ot of
things in the maintenance program that are USAIr
internal that really do not have a requirenent in the
mai nt enance program or the aircraft.

It's just things that we have | earned by
doi ng our business, things that we prefer to do where
we won't get caught with a mnor delay by doing a
grease shop a little bit earlier or having different
[imts on various conponents. But anyt hi ng that
requires an extension of a conponent that is under the
control of the MRB, they are all coordinated through
t he manufacturer of that conponent and the CEM of the
ai rpl ane. In this case, being Boeing.

MR. SASSER And the FAA, in addition to
that? The FAA is also in on that?

THE W TNESS: The FAA is also brought on
boar d. W advise themof all the itens that we are
doi ng. There are certain itens that don't require FAA
approval . The majority of them especially when you

come to extensions or changes in your processees, they
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all require FAA approval and the docunent is sent to
them for their review and approval before we inplenent.

MR SASSER This kind of brings us into our
next area. Can you tell us how USAi r comrunicates with
the various manufacturers and uses themin the
resolution of problens that arise during the operation
of the fleet?

THE W TNESS: Yes. USAir, |ike nost |arge
aircraft or airlines, have nmany of the manufacturer's
representatives on the property. W have a very
expensi ve engi neering departnent that is our direct
communi cation link with our manufacturers and vendors,
but we do have reps on the property.

As an exanple with the Boei ng Conpany, we
have their reps on our property in the Pittsburgh
Airport, in the Charlotte facility and in the Wnston
facility. These are three of our major bases where we
do both overhaul work and |ine work. The Pittsburgh
office gets nost of the inquiries because that is where
the majority of our engineers are |ocated.

W use them as a cl earinghouse, if you wll
for the information to go to the manufacturer and from
the manufacturer. W are in constant contact wth

t hese peopl e. They attend nost of our daily neetings.
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W have a daily operational neeting where we
go over the operation fromthe day before and any itens
that need to have corrective action. They sit in on
that neeting. They sit in our reliability neetings.
Quite honestly, their offices are located right next to
our engineering departnent. W treat them as they're
one of our staff.

W very rarely even think of them as Boeing
per sonnel . I can give you a better analogy here. If
you were taking your car in to be worked on and you
happen to be driving a Ford and you had the Ford rep
living in the extra bedroom of your house. That's
really what it's like with these representatives.

W have representatives from Boeing. VW have
representatives from CFM, who is the engine
manuf acturer and other manufacturers who are not
associated with this hearing, such as the Dougl as
Corporation, the Foker Corporation, and even sone of
our conponent peopl e.

The reps spend an enornous anount of tine on
the floor. They solicit coments and questions from
our mai ntenance personnel and our nmaintenance personne
do the sane fromthem Also, any of the inquiries that

go into the Boeing Conpany are returned not only to the

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



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

897
rep, but they are returned by an E-mail. W have an E
mai |l system within USAIr throughout our 36 naintenance
stations.

W have a mailing list on that E-mail where
all of the responses and questions cone through E-mail.
so nost of our personnel -- certainly in the nmanagenent
ranks and the foreman ranks -- are aware of the
conversations that are going on back and forth.

MR SASSER In testinony earlier today, a
guestion was raised about the conpliance of the Boeing
737, known as flight 427, conpliance with an FAA AD 94-
01-07. I refer you to Exhibit 9-F, page 32 through 46.
Can you tell wus if the rudder PCU used on USAir flight
427 had been tested for proper operation in accordance
with this AD?

THE W TNESS: Yes, actually, USAIr has a
little bit of a unique history with this AD, and I
would like to take a nmonment to explain that to you.
After the Colorado Springs' accident, there was a | ot
of speculation as to the cause and determ nation of
that accident, and there was a |ot of questions being
asked, as you are aware, in regards to the PCU.

Prior to that AD coming out, USAr, through

its engineering departnent and in coordination with
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Boei ng and some of the other operators of the aircraft,
devel oped an engineering order. \ere we went out in
late '92 and early '93, we conpleted all the airplanes
within a 60 day period. Essentially, we had perforned
t he check that subsequently becane the AD

W did not wite the AD, but we had know edge
of what was going into the devel opnent of that AD. So
we had gone out and conplied with that on all of our
300 fleet. \Wen the AD cane out, there were sone
changes, but it was only for the 200 fleet.

After the AD cane out, which came out March
3, 1994, the functional test that was required to be
done initially was conplied with on the accident
aircraft on 3-21-94. It was done a second tine on 6-
14-94, and it was done a third tinme on 8-8-94.

NOW the interval between those tines is 750
hours. In case you' re asking yourself it seens like a
short tinme in between that, we frequently do a |ot of
our checks early as a result of our scheduling process.
Wth 450 fleets, you can't always put your hands on the
ai rpl ane that you want. So we take the opportunity
when we have that aircraft in maintenance to do the
requi red mai ntenance that's com ng up

Also, earlier in sone of the testinony, there
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was a question of when that PCU was installed on that
aircraft. That PCU was installed on the accident
aircraft on January 21, 1993.

MR SASSER In your testinony, you talk
about your engineering departnent in conpliance wth
the AD and their interface with the manufacturer. Can
you describe your engineering organization and how that
interfaced between the manufacturers and the FAA work?

THE W TNESS: Yes, | can. | have a little
bit of a unique advantage comng from a production
depart nment. If you hadn't picked up on it, prior to
June, | was responsible for the engineering departnent
and the quality departnent at USAIr. W are quite
proud of our engineering departnent.

We have a group of over 70 degree engineers
that work with us. We have a group of 12 engineers
that are DPRs authorized by the FAA. W have themin
various disciplines. W have themin the structures
group. W have themin the interiors group. W have
themin the systens group. W also have engineering
personnel in the power plant organization and in the
avi oni cs group.

We al so have within our engineering

department a DAS authority. | believe there are only
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handful of airlines in the U S. that have DAS
authority. This authority gives us the authorization
through the FAA to be able to authorize suppl enenta
type certificate changes on behal f of the FAA W have
a staff of personnel that have been trained and
certified to carry on that action

Again, they are our primary conmmunication
with our vendors and with our reps. W use themas a
cl eari nghouse, because for any of you that have worked
on the floor, the |language we use on the floor isn't
the sanme | anguage we use as an engineer, isn't the sane
| anguage we use as a manufacturer. And we try to get a
cl ear nmessage across by putting in the proper
term nol ogy as we transfer the nessage.

MR, SASSER From your perspective, can you
tell us what the relationship between your office and
the Flight Standards District Ofice of the Federa
Aviation Administration here that has your certificate
for maintenance? Wat is that relationship |ike?

THE WTNESS: Well, as you mght expect with
an airline the size of USAir, there is a lot of
activity between the local office and USAr. | woul d
simply classify it as a very businesslike, arms

l ength, very conmunicative relationship.

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



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

901

Qur | ocal FAA spends an enornous anount of
time at our facility doing spot checks, doing ram
checks. They participate in a lot of our neetings, our
reliability neeting that takes place within USAr.
Frequently, they are asked to cone in and discuss
concerns that they mght have with our maintenance
managenent staff, so that there's no surprises out
t here.

W try to keep open communi cation going al
the time. W also have a numerous anount of schedul ed
nmeetings that take place on a regular basis. For one
we attend a nonthly neeting with all of the inspection
personnel and nmanagenent personnel and the maintenance
departnment, along with the various groups within USA r
mai nt enance. We get together nonthly and discuss
i ssues from both sides.

We typically hear from the inspectors things
that they're seeing that certainly are not a dangerous
situation, a safety issue or a regulatory situation,
but just things that they think we should take another
| ook at and possibly reconsider the way we do business.
W are also given the opportunity fromthe airline side
to raise issues that we have regarding the FAA and the

deal i ngs that go back and forth.
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W al so have a quarterly neeting that is not
just the maintenance area, but it is the maintenance
area and the operation's area as well. It's the PTRS
system and we have a quarterly neeting to review the
trends that are being established.

If you're not famliar, the PTRS systemis a
tracking system that the FAA uses with not only the
| ocal personnel, but it's used with all the geographic
personnel throughout the USAIr system They anal yze
that data on a regular basis and develop trends. W
neet together with our operation's groups to go over
these trends, whether they be negative or positive, to
devel op corrective action, if needed, or just to bring
themto the surface so everybody knows what we're
dealing with on a regul ar basis.

There's also a trenendous anount of one on
one with the FAA Frequently, | w Il probably not go a
day wi thout having a phone conversation w th sonebody
in the FAA office, whether it be initiated by nme or
initiated by the FAA | see it as a very open
rel ati onship and a very businesslike, armis length
rel ati onshi p.

Not to give them a conplinent, because |I hate

to do that, but they have a staff that has a lot of ex-
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airline personnel. And you bring into that people who
t hat have had hand-on experience. They can bring a | ot
to the table for the airline.

MR SASSER The FAA does inspections on your
organi zation, and | understand that you an interna
audit program that you operate at USAir, as well. Can
you explain your internal audit system and how that's

utilized in the operation of the maintenance progranf

THE W TNESS: Yes, | can. Again, this is a
departnent that | really look to for guidance
internally. They have a trenendous anount of

responsibility. They have the responsibility and it's
based on the premse that USAir is primrily
responsi ble for continuously nonitoring the operation
to be safe, to be within the regulatory requirenents,
and to neet all of the federal air regul ations.

This organi zati on bypasses all |ines of
authority at USAIr and it reports within the
mai nt enance departnent directly to our nost senior
officer, which is the senior vice president of
engi neering and mai ntenance operations.

This program was initiated in 1989. As
you're aware, the advisory circular for interna

eval uati on prograns cane out in 1992. USA r
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participated in a lot of industry neetings and
participated in the devel opnent of this advisory
circular. W felt so strong about it, we started to
devel op our program as the devel opnent of the advisory
circular was goi ng on.

So our programreally kicked off in 1989.
Some of the things that are people to look at, just to
give you sonme exanples, they are responsible for the
continuing analysis and surveillance program throughout
the entire nmaintenance organization; the |ine
mai nt enance, the shops, the engineering. They do
audits for every one of our facilities and do spot
checks on personnel to see how a departnment is
devel opi ng and wor ki ng.

They have the responsibility for oversight of
t he continuous airworthiness nmaintenance program  As |
indicated earlier with the devel opnent of the program
a lot of the groups take place in it. They are really
the final say before it goes out the door to give us
assurance that it's satisfies all the requirenents of
t he regul ations.

They nonitor our required inspection program
They are responsible for the AD conpliance program

They are responsible for oversight of the maintenance
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training program the deferred maintenance program
They insure that all the itens fall within the
requirements that it takes to allow an itemto be
def erred. They keep oversight of our weight and
bal ance program our mgjor repair and alteration
program our fueling program

They have a special group that just has
oversight of all our fueling vendors. W do all our
fueling with third-party vendors, and they have
oversight responsibility for all of them Then t hey,
of course, |ook over our stores and material contro
pr ogr am

In addition to that, we have sonme interna
prograns that we have established that we find to be
extrenely helpful within the USAir facility. One of

themis a hot-line program W determned that it's

very difficult to receive input from the nechanics that

are working on the line, the people that are out there
on the third shift, the people that are really getting
the job done.

Frequently, if they are approached by
managenent personnel, as you m ght expect, they m ght
be hesitant in raising an issue. They may not be

avai | abl e when the nanagenent personnel are avail able.
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It's a very difficult task to get their concerns, their
i nputs. These are the people that do the work every
day. They have trenendous input to the maintenance
program and to issues within USATr.

So we established a hot line for a couple of
reasons. One, so that it could be manned 24 hours a
day and receive input 24 hours a day, seven days a
week. And also so that if a maintenance personnel had
a concern that he thought m ght jeopardize his standing
in the conpany, he could do it without reporting who he
is or where he works, just being able to raise the
i ssue.

Every one of these itens that cones into the
hot line is responded to. I must tell you, there's
sone great itens that cone in and there's also sone
gar bage that cones in. But we nmake it a point to
address each and every item If the people want to
have a response back as to our actions or our findings,
we will do that. If they do not have a desire to do
that, we do have a file on every itemthat cones in the
door .

W al so have established in coordination wth
t he FAA an MRM program I"m sure you are all aware of

the cockpit resource managenent program the CRM
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program W are working towards a mnmintenance resource
managenent program There has been sone assistance
from the FAA

We have been one of the subject airlines
where personnel that they have had on grants to do sone
studies for them have participated in neetings within
USAir and worked with our personnel trying to determne
causes for poor communication, concerns for how we
devel op work cards. So that there's not anything in
there that's going to | ead people astray. And working
together in a team concept just like the cockpit is
wor ki ng.

Now this programis in the devel opnent stages
ri ght now. The FAA has been a participant in it. W
expect it to develop very quickly fromthis point on
and hope it to be the kick-off program for the airline
i ndustries.

That really summarizes what takes place in
our quality control, our audit program W have an
i nspection program which | can talk to later as we get
into sone of the other itens.

MR SASSER Can you describe for us the
requi rements for hydraulic fluid testing utilized at

USAi r ?
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THE W TNESS: Yes. First of all, let ne say
that hydraulic fluid testing, if you will, | would
prefer to break it into two categories; one is aircraft
and one is ground support equipnent, GSE equi pnent.

The reason | do that is obviously the GSE equi pnent is
what we install the hydraulic fluid into the aircraft
with.

On the aircraft side of it, we follow all the
standards that are established through the nanufacturer
of the aircraft and establish w thin the maintenance
pl anni ng and MRB docunents.

The quality of fluid is primarily audited
t hrough the change of filters throughout the system
The 737-300, | believe, has 17 hydraulic filters on the
aircraft. W have a regular schedule of filter changes
in our maintenance program for all of these filters.

Should we find any contam nation or particles
in the filters or anything that would lead us to
believe that there is suspect for the fluid, we would
take a sanple of that fluid and send it out to our
engi neering departnent for evaluation

If we would have a failure in the system if
we would fail a conponent, primarily if we wuld a

hydrauli c punp, an engine driven hydraulic punp, we
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will flush that system change the filters, with the
change of the punp, and insure that we have clean fluid
going back into the aircraft.

The bottom line of our aircraft programis we
follow all the prescribed actions required by the
manuf act urer. From our GSE side, we have a
consi derabl e anmount of various naintenance prograns for
t hat equi pnent.

To give you some exanples, our GSE equi prent
cones in various sizes. One, we refer to as a Bowser,
which is a service cart. It's typically a cart that
contains anywhere fromfive to 15 gallons of fluid and
it's typically activated with a hand punp used to
service the hydraulic system on an aircraft.

Wen we do nmai ntenance on the system and
break it and we |lose sone fluid or if there would be a
| eak or any reason to service the system we use these
carts to service those systens.

Now there's two |evels of maintenance wth
those carts. One is a nonthly check where it is |ooked
at to be sure that it is intact and it's not dirty and
everything is working and the hose is intact. W al so
renove the filter screen, evaluate it, and replace it

i f necessary.
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Then on an annual basis, we take those
service carts, we flush them out and replenish them
with all brand new fluid, replace the filter on there
with a brand new one, and, again, validate the hoses
and all the conponents of that system

Qur next group of units and they really cone
in two sizes, but I'll describe them as one. They are
an external power cart used to either power an aircraft
when it's in the hanger so that we do not need to use
the engine driven punps or the electric punps on the
ai rpl ane.

It is actually an external hydraulic system
that has a reservoir, a punp and val ves where
mai nt enance personnel can operate the entire hydraulic
system at 3,000 psi as if it was operating on engi ne
punps or electric punps.

W also have a snaller version of that that
we use in our shops, where we do various conponent worKk
so that we can power those conponents with 3,000 ps
and use them during the test process within the shops.

Now t hose conponents are both on a simlar
program On a nonthly basis, they have a visua
i nspection for general condition and we |ook at all the

hoses and the connections and insure the cleanliness
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and insure that everything is intact on that unit.

Then on an annual basis, we actually have a
work card simlar to that with which we work on an
aircraft with, that lays out all the required itens.
Everything from |l ooking at all the valves on the
interior to the paint condition, to the valve
condition, to the glass condition.

W inspect all the controls. W inspect the
reservoir for any | eaks. W drain and flush the
reservoir. W evaluate all the hardware on there.
There's a trenendous anount of placards on there that
give directions on how to operate the equi pnent on the
saf ety procedures, on hook-up procedures, and we assure
that those are intact and certainly readable.

Then we replace all filter elenents. Most of
these larger units have large filters, small filters,
al nrost as sophisticated as an aircraft. They don't
have 17, but nost of them have two to five filters
installed on them

They have kaystrain filters. They have
pressure filters, return filters. Al of those are
replaced on an annual basis and then the reservoirs are
refilled.

MR SASSER M. Cohen, during the course of
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the investigation, an issue was raised about the life
limt of the aircraft engine fromthe 737 program and
USAir's derating of engines. Can you briefly describe
the system used by USAir for this progran®

THE W TNESS: I"m not sure that | can briefly
do it, but I'lIl try ny best. First of all, a lot of
things were alluded to in the various articles that
came out, which I'm sure you are all aware of. The
bottom line of the project is | nust tell you is that
during the aircraft certification in 1984 when this
aircraft was certified and as part of the type data
certification of the aircraft, there was a requirenent
to be able to operate the aircraft with two power |evel
engi nes.

Let me go back and tell you that this
aircraft is certified to operate with an engine that we
refer to as a B-2 engine, which is certified to operate
at 22,100 pounds of thrust. The sanme aircraft is also
certified to operate with B-1 power, which is 20,100
pounds of thrust.

The obvious reason for the difference in the
thrust levels is the mssion that the aircraft is going
to fly and the payload that you wish to carry with this

aircraft. As the aircraft was being certified, there
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were carriers, such as USAir, that we're going to have
a mxed fleet of airplanes.

Wiile USAir has a large fleet of 737-300s, we
really break it into two fleets. One which we call the
| ong-range aircraft, which we fly mssions coast to
coast or those which we refer to as our short-haul
airplanes, which typically fly a mssion of two and
hal f hours or |ess.

The aircraft has the sane air frane. The
primary difference between the two aircraft is the fact
that one operates with B-2 power and one operates wth
B-1, and the long-range airplanes has an auxiliary fue
tank nounted in the cargo hold to carry the extra fuel
to carry the | oad.

During the certification, as | said earlier
it was inportant that the airlines had an opportunity
to operate with an inter-m x of engines. Not unique to
the Boeing aircraft, but very consistent with any
aircraft that has multiple engine nodels certified for
use.

The reason for that is that if you find
yoursel f one day where you only have a spare engine
avail able that is not of the higher thrust |evel, you

can install the engine with the |ower thrust |evel and
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then also derate the other engine so that they are both
operating at the same power |evel. But it gives you an
opportunity to use the aircraft instead of have it
sitting on the ground for |ack of spares.

This enables us -- we certainly can't fly the
m ssion that we would if we had the two higher rated
engi nes, but we can use the aircraft in other
ci rcunst ances. So during the certification, Boeing
certified the aircraft to operate with either two B-2
engines, two B-1 engines or an inter-mx of both.

Now, what USAir has determ ned to do because

we have a limted nunber of |ong-range airplanes, we

are taking the majority of our airplanes were
delivered with B-2 power. So we really have an excess
of B-2 engines, if you wll.

W use those B-2 engines on short-haul
ai rpl anes. If we were to operate those engines
consistently at B-2 power at the 22,000 pound thrust
| evel, obviously the wear and tear on the engine would
take place in a faster manner than it would if you
operated at a |lesser |evel.

Two great analogies for that is -- one, is a
box fan. You' ve got a box fan that has a notor on it.

That notor is capable of running that fan at a | ow
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speed, a nmedium speed or a high speed. If | operated
all the time at a |low speed, it doesn't take a rocket
scientist to figure out it's going to last us a |onger
peri od of tine.

So we elect to use those B-2 engines in a
derated formon the B-1 aircraft, and, thus, we extend
our rmai ntenance requirenments for a |onger period of
time because we operate them at a | ower power setting.
But the issue of tine limts on the engine, | nust tel
you we're tal king about maintenance requirenents now
and not tine l[imts.

Wien that engine is certified, there are tine
l[imts established for various conponents of that
engi ne. Most of them are rotating parts. Regar dl ess
of whether that engine is operated in B-2 power,
whether it's operated at B-1 power, or, in fact, if you
operated it on a snmaller aircraft, the 500 at 18, 000,
when it receives those tinme limts and those are in
cycles -- a cycle being a take off and a landing --
those engines need to cone off regardless of what stage
they are in the maintenance program

The time limt is a drop dead tine when the
engi ne nust be renoved. There are various conponents

to drive it. As soon as one conponent reaches that
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tine limt, the engine nmust be renoved from service.
So the bottom Iline of our program at USAir was we
extended the |life on the wing, but we did not extend
the life of the engine.

The airline nor our |ocal FAA not even
Boeing, has the authority to extend that life. That
life has to cone through very expensive testing and
anal ysis through the engine certification branch of the
FAA and the manufacturer of the engine.

MR, SASSER: M. Cohen, that's all the
guestions | have. Do you have anything to add that we
failed to talk about here this evening?

THE WTNESS: No, sir.

MR SASSER M. Chairman.

CHAI RVAN HALL: Thank you, M. Sasser. Do
the parties have questions for this wtness?

(No response.)

CHAI RVAN HALL: | see no hands. M. Marx?

MR MARX: No questi ons.

CHAI RVAN HALL: M. dark?

MR CLARK: No questions.

CHAI RVAN HALL: M. Schl eede?

MR, SCHLEEDE: Just a coupl e areas.

M. Cohen, when you were describing the
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hydraulic fluid testing program | want to nake sure it
was clear that that program you described was that in
effect at the tine in Septenber of 1994? You were
descri bing your sanpling program and your fluid testing
progr anf

THE W TNESS: Yes, it was. To give you a
little bit nore on it, since the accident aircraft, we
have taken a sanple of our fleet just to go through the
fleet on an ad hoc basis to see the condition of the
fleet. But the requirenment of the programis, in fact,
the sane as it was fromthe day we start operating the
aircraft, which is totally in conpliance with the
Boei ng program

MR, SCHLEEDE: I was going to ask you, other
than the sanpling, are there any other changes in your
hydraulic fluid prograns since the accident?

THE WTNESS: No, sir.

MR, SCHLEEDE: I wanted to ask you j ust
briefly about service difficulty reporting or defect
reporting. What type of itens are normally required to
be reported to the FAA by an airline maintenance type
itens, just general?

THE W TNESS: The typical itens that get

reported are major structural defects found during an
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i nspection program or in service. Failures or service
difficulties with major conponents of the aircraft in
appl i ances, engi nes, avionics. Things that would cause
an interruption in the operation of the aircraft during
its intended flight, whether it would be a return to
field for a failure of an itemor things |like this.

MR.  SCHLEEDE: So any item that causes an
interruption of the flight would have to be reported to
t he FAA?

THE W TNESS: That's correct.

MR,  SCHLEEDE: How about during schedul ed
mai nt enance? You nentioned these major conponents. Is
there a clear definition of major conponents
mal functions that would be reported?

THE WTNESS: Well, if you look at the FARs,
it's a laundry list that you can wear down both
sl eeves. It goes on and on and on. Typically, it
handl es all the conmponents that could affect the safety
of flight or any structure that could affect the safety
of flight.

MR, SCHLEEDE: Do you as an airline make
reports directly to the Boeing Conpany or let's say the
manuf acturer of the air franme?

THE WTNESS: W, as an airline, make reports
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directly to the manufacturer through the reps at our
facility. As | explained earlier, the reps sit in on
our daily neetings, our operational neetings. In some
cases, | hate to admt it, but they're aware of the
probl em before I am But all the difficulties that we
have are reported through the manufacturers.

Actually, also USAir being the kick off
custoner with the 737-300, a lot of devel opnment work
for the maintenance program for inprovenents in the
aircraft and the engine really were done in
coordination with USAir. There was a |ot of close work
done with the two groups.

I would also like to conmment on the service
difficulty reports. USAi r when | responsible for
quality, | would be less than honest if | didn't tell
you one of ny concerns was the anount of itens that we
did report. Wile there are a set of regulations out
there that say, you as an airline report this, this and
this, there's a whole matrix of what goes on in the
industry, and |I'm sure you are aware of that.

Wen we took a sanple of the industry, and we
have not changed our procedures since that time, but we
have taken a survey of the industry, USAr does nore

reporting than any other airline out there. | believe
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it's USAir and Northwest that are the two highest in
reporting itens. That raises a difficult bal ance,
because we report a lot of things that are not
necessarily required, but we feel that the industry
shoul d be aware of it.

W, as an airline, review the responses from
service difficulty reports just so we know what's going
out on the industry. W don't want to have our head
buried in the sand and say USAir is the only carrier
out there. So because we're interested in what's going
on out there, we feel that other people are interested
with what goes on with our fleet, because we have a
| arge fleet. So we do an extensive anount of
reporting.

MR SCHLEEDE: Do you have on-line capability
to the FAA's SDR system conputer on-Iline?

THE WTNESS: No, we send it over to the

local office. Actually, I'mgoing to tell you I'm not
100 percent sure on that. I know it was in a
changeover. W have a formthat we fill out through
our maintenance control and tech center. Wen | was

responsible for it, they were being hand carried over
and sent through the mail.

I can't tell you for sure honestly if we have
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transformed into the electronic.

MR SCHLEEDE: Well, | was actually referring
to searching this database itself?

THE WTNESS: No, we will go on over to the
FAA if we have an inquiry and go through themto get
the response.

MR, SCHLEEDE: I think you characterized it,
but could I ask you could you characterize the
useful ness of the SDR progranf?

THE WTNESS: We find them very useful. W
throw out a lot of data because if we find a carrier
that's operating in a very different environnent or
operating the airline on different flight segnents, we
will tend to toss that information out. W wll |ook
for simlar airlines with simlar equipnment and then
make a determ nation from that.

Yes, we find it valuable. A lot of tines we
have to take the description that's given and we wll
nmake a follow on phone call to the carrier, because we
know who it is, and get further data on it to see if
it's sonething that woul d inpact us.

MR SCHLEEDE: One last item sir, and to the
left of that pile they gave you Exhibit 11-A-I. I know

this wasn't listed as one of your exhibits. It's Al.
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| think it's the one page one. It's the other one.
Look in the upper right-hand corner. It's addendum 1,
| guess.

THE W TNESS: Yes.

MR. SCHLEEDE: Have you seen this before?
It's an addendum to the Maintenance Records G oup
Chairman's report for this particular accident. [t's
an expansion of some history on the main rudder PCU
that was renoved and replaced in January of '93 on the
accident airplane. Are you famliar with that?

THE WTNESS: No, | am not.

MR SCHLEEDE: Well, the one thing I was
interested in is in the third paragraph along the |ines
of our -- just to help nme understand service reporting.
The third paragraph tal ks about the bolt that attaches
the PCU main rod to the rudder was worn and repl aced
and shi pped back. Is that sonmething that you would
expect some type of a report to either Boeing or to the
FAA or even to your own -- into some kind of a database
or an SDR?

THE WTNESS: Well, when we do the change on
the conponent, as you're aware in the Boeing
mai nt enance nmanual, there are limts that the bolt can

be worn to. The requirenents of our paperwork require
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the inspector to go in and take the proper dinensions
and record it.

If the bolt is worn beyond limts, typically
unless it was alnbst to a catastrophic point, if it was
just at the Iimts or beyond the Iimts, we would not
report it. If it was really an extrene case where the
bolt was worn significantly through, we would certainly
report that. But on a normal day-to-day basis if we
exceeded it by a couple of thousandths, no, we would
not report that.

MR SCHLEEDE: The third paragraph on the
bottom our investigators |ooked at your reliability
departnent's conputer printout for the work card, the
job cards specified here and determined if they were
reoccurring defects. W note here that PCU | eaks were
found to be common, which we've already had other
testinony on. That's under st andabl e.

It said no other case of bolt deformation or
danmage was found. This would be in your system Wuld
this other particular finding up here in paragraph 3,
woul d that have been put into your conputer? [|s that
sonmething that would be put in so that if we wanted to
find it later, we could retrieve it?

THE W TNESS: | guess |I'm not sure. Can you
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restate your question again?

MR. SCHLEEDE: Well, | guess, in the third
fromthe bottom paragraph, we say we found no cases of
bolt deformation in your system in your conputer
printout. But would we find it? Wuld the one that's
cited up there in paragraph 3 be entered in there? If
we didn't find anything, they're not entered. 1'd
understand why we didn't find them

THE W TNESS: Yes, it would. I n our
i nspection program every time an inspection finding or
di screpancy is found during the evaluation of the
aircraft, an OM26 which is an internal form-- it's a
non-routine discrepancy form-- is filled out by the
i nspection personnel .

Then the corrective action is added to that
card and it goes into our permanent records.

Typically, these are found during our Qcheck which is
our over haul nmai ntenance. Those packages stay intact
and could be found in that system

MR,  SCHLEEDE: Thank you very much.

CHAI RVAN HALL: M. Laynor?

MR, LAYNOR No questi ons.

CHAI RMAN HALL: M. Cohen, this particular

aircraft, when was it delivered and was it USAir at the
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time that accepted this particular aircraft, the
accident aircraft?

THE W TNESS: To be perfectly honest with
you, | don't have the exact date. | believe it's part
of the record. | believe the airplane was delivered in
1988, if I'm not m staken.

CHAI RVAN HALL: Was it delivered to USAir or
to who?

THE W TNESS: | can't tell you that for sure,
but I can tell you it was either delivered to USAir or
to Piednont. Pi ednont becane another airline that
nerged into the USAir system and we conbi ned the
fleets.

CHAI RVAN  HALL: The PCU was installed on the
accident aircraft you say January 21, 1993? That's
what you nenti oned.

THE W TNESS: Yes, just let ne find it. Yes,
it was installed January 21, 1993.

CHAI RVAN HALL: And was that a new PCU?

THE WTNESS: No, it was a PCU that had j ust
cone back from Parker, who does our repair work. It
was renoved from another aircraft in our fleet on
Septenber 9, 1992 for an external | eak.

CHAI RVAN HALL: The flight records on that
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aircraft that were initiated, | guess, is there a
pl anni ng docunent for that aircraft, specific aircraft?

THE W TNESS: Do you nean for the maintenance
progr anf

CHAI RVAN HALL: Yes.

THE W TNESS: The pl anning docunent is for
the series of airplanes. They don't issue a planning
docunent for a particular tail nunber aircraft.

CHAI RVAN HALL: So you have the planning
docunent for all your 737-300s?

THE WTNESS: Absolutely.

CHAlI RVAN HALL: This aircraft was covered
under that docunent, but we're not sure whether it was
a Piednont or USAr. I"mjust trying to wonder how
that was nerged into the system when all these airlines
came together?

THE W TNESS: The fleets as far as the
mai nt enance program are identical. There is no
difference in the maintenance requirenents for either
aircraft. Wien the nerger took place, the Piednont
aircraft were nmerged into the USA r mai ntenance
program The USAI r mai ntenance program was a nhore
i ntensi ve nmai ntenance program and we elected to

transition these aircraft in.
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There was a transition check that was
devel oped and approved by our local FAA to transition
the aircraft that were presently on the Piednont
programinto the USAI r program So the bottom |ine of
that was there was certainly no maintenance mssed. W
probably did nmore mai ntenance than we ever needed to do
to transition it in.

CHAI RMAN HALL: Now when do you-all decide to
repair a PCU yourselves and when do you decide to send
it back to Parker-Hannifin to repair?

THE WTNESS: We do not repair any PCUs in
house. That's one conponent that goes out all of the
tine.

CHAI RVAN HALL: Routinely, how |ong do you-
all keep one in service or do you have any service
interval for themor it's just when they need to be
servi ced?

THE W TNESS: There is no service interval
for the PCU. It's on condition. That's the
mai nt enance process for it, which would tell you that
it would only cone off when there's a reason for it to
come of f.

CHAI RVAN HALL: You said an engine had a life

toit, that you then stopped using that engine. Does
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the PCU have a life to it?

THE WTNESS: No, it does not. Let ne
explain that if you don't mind. A conponent that is on
condition goes for a period of tinme. As it
deteriorates over a tine scale, it starts to develop a
di screpancy, whether that discrepancy be an externa
| eak, which the majority of them are, or sone sort of a
mechanical item As soon as it is squawked or found to
be | eaking by our maintenance personnel, we take an
action.

W send it back to Parker to be reworked and,
in fact, what happens is it is restored and recertified
back to its original condition. So if I were to draw a
scale of it for you, you could take the reliability of
it or the deterioration of it and draw a straight |ine
down. I"'msorry, not a straight Iine down. A diagonal
line down and then it goes in for restoration

You take it up to its original |evel of
reliability and operation. Then it deteriorates again
and it's like a saw tooth chart. It's constantly
restored as the requirenent it. But there is no
requirement for a life limt on it.

CHAI RVAN HALL: What has been your experience

with this PCU? Do you keep a conputer printout? Has
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it been a dependable unit? |Is it something that you
have nore problens with than you would have with maybe
anot her hydraulic operation in the plane or what's your
experience wth these PCUs? How many 737s do you-al
operate, by the way?

THE W TNESS: W have 235.

CHAI RMAN HALL: So you-all are pretty big in
that. So, okay, what is your experience then? I
guess, you would have a pretty good idea of what
experience you had with that PCU?

THE W TNESS: I would not classify it any
worse than any other hydraulic actuator on the
aircraft. It's very simlar. The maj or reason that we
take the actuator off the aircraft is for externa
| eaks. It's a sensitive unit up there and it does have
a tendency to devel op sone |eaks, but from a nechanica
standpoint, | wouldn't consider it any different than
any other actuator on the aircraft.

CHAI RMAN HALL: | assunme, sir, that you are
aware of the accident involving that we've referred to
nunerous tinmes in Colorado Springs?

THE W TNESS: correct.

CHAI RMAN HALL: Have you read the accident

report the NTSB issued on that?
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THE WTNESS: No, | have not.

CHAI RMAN HALL: Do you know what actions
USAir mght have taken in regards to their 737 fleet or
was there any concerns that cane out to you from either
the FAA or your Boeing person that stays there with
you-all in regard to anything you should be doing in
regard to that rudder?

THE WTNESS: Well, we are taking those
actions. The concerns that were raised at USAir and
they were raised internally through our engineering
departnment, the concerns were from the issues that cane
out of the Colorado Springs accident. I"'mtelling you
I did not personally read the report, but it was gone
over in detail with our engineering folKks.

The engineering folks, in coordination wth
our flight departnment, issued what turned out to be the
AD prior to the AD ever com ng out. It was conplied
with on the USAir fleet.

In addition, USAir has accelerated the
repl acement program and we anticipate having 235
aircraft retrofitted with the reworked PCUs by the end
of 1995. The restricting factor right now is how fast
we can turn them at the vendor. But we are constantly

-- we not waiting for a |eak or any other discrepancy
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to take place. Wien we get a PCU in our hands, we
replace it on an aircraft.

CHAI RVAN HALL: Let ne, sir, applaud that
aggressive action. Are you aware that the Nationa
Transportation Safety Board was unable to find a
probabl e cause in the Colorado Springs' accident?

THE W TNESS: Yes, sir, | am

CHAl RVAN HALL: Are you aware of the itens, |
guess, you have on your planes, called flight data
recorders?

THE W TNESS: Yes.

CHAI RVAN HALL: Do you-all have any plans as
a result of these two accidents to upgrade your flight
data recorders on your 737 fleet to provide the
Nati onal Transportation Safety Board, if regrettably if
we ever had another accident, there would be sone
information on rudder novenent and other flight contro
information that mght be beneficial to determning the

cause of an accident and preventing future accidents?

THE WTNESS: Well, let nme answer that in a
couple of ways if | can. First of all, we are stil
taking delivery of new aircraft. And those new

aircraft are comng with upgraded flight recorders.

CHAI RVAN HALL: How many paraneters do they
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have, do you know, sir?

THE W TNESS: If I'"mnot mstaken, there are
18. I would have to get you that answer to be
absolutely sure. That's not a positive. That's ny
guess. But USAir is presently in a program of getting
the 11 paraneter flight recorders on, which is the
present requirenent. Do we have plans to retrofit
those up to the higher ones? Nothing has been
determ ned yet that we are for sure going there.

It is under consideration by the nmanagenent
of USAir and the engineering departnent. W are still
in the devel opnent process. Qoviously with every
project you do, there are things that you have to | ook
at. And that is, whose recorder are you going to use,
what nodifications need to be done to get there, and
what's the reasonable tinme frame.

Al that is under consideration right now,
but no decision has been nade.

CHAI RVAN HALL: Wsat type of recommendation
woul d you nmake to your conpany in that regard?

THE W TNESS: I"m not sure that's a fair
questi on.

(General laughter.)

CHAl RVAN HALL: well, | believe, | have been
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i npressed with how fast you have risen in the business

and your presentation. Since you're the senior vice
president for engineering and maintenance, if | were
the president of USAir, | would pay attention to what

you reconmrended to ne.

THE W TNESS: I will pass that nessage on.

(General laughter.)

CHAI RVAN HALL: Well, let nme say w thout
putting you further on the spot, that | hope that you
will at least recormend to your chairman that they give
serious consideration to |ooking at upgrading the
flight data recorders on the existing 737 fleet that is
operating throughout this country in a very fine
f ashi on.

THE W TNESS: It is being considered at a
very high |evel. Not to make just of it, but obviously
USAir is very concerned with this accident, not only
the Colorado Springs' accident. A lot of things could
be resolved by knowi ng what caused this and if that's
what would help us get there, we're certainly going to
be part of that.

So it is getting a high Ievel consideration

CHAI RVAN  HALL: The accident aircraft, could

you tell nme and just walk me quickly through in your
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position what you did to | ook at the maintenance
history and follow that aircraft through all its checks
and everything and trying to -- | assune you-al
i ndependently have tried to determ ne yourselves what
happened. Ri ght ?

THE W TNESS: correct. W have engineering
personnel on all the teans that are involved in the
mai nt enance and technical side of it. W have dunped
the records. W have been trying to go out and nake
sure that even the AD test is the right thing to do.

W have an entire engineering staff going over this
programdaily.

W are just as concerned as anybody out there
to a resolution, so that we can get on with our life
and take the corrective action, if there's any needed,
and certainly put this one to sl eep.

CHAI RVAN HALL: well, | know that your
conpany has received a lot of publicity as regard of
this. Anything that you want to say or wal k me through
in terns of what you-all have done to put on the
record, | would be glad to do so, because | think that
you know this board is very interested.

A lot of people are interested in the things

t hat you-all have done. I know that we're going to
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hear later fromyour -- 1 believe we've got the
director of training from USA r. W' ve got your new
vice president for corporate safety and regul atory
conpliance we're going to also hear from

But since we have the senior vice president
for engineering and mai ntenance, anything that you want
to put on the record or if the record may al ready been
adequat el y docunented in terns of your investigation, |
woul d of fer you this opportunity to do so.

THE WTNESS: Well, first of all, let ne
correct the record in case there's a confusion. [ am
not the senior vice president of engineering and
mai nt enance. I amthe vice president of line
mai nt enance. I report to the senior vice president of
engi neering and nai nt enance.

However, if you would like to reconmend to ny
chairman ny pronotion, | would be nore than gracious.

(General laughter.)

THE W TNESS: To be quite honest with you, to
add any additional --

CHAl RVAN HALL: Well, | apologize. That was
an error in our --

THE WTNESS: Onh, | enjoyed it.

CHAI RVAN HALL: I can understand why.
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THE W TNESS: I don't have any additional
comments or requests. Quite honestly, we're on a
nmeeting on a weekly basis with the investigation, and
we get everything we need to say in on those neetings.

I would only like to conplinent the board on their
activity on this. I know that they share the sane
frustrations that we do in comng up with a resolve and
hope that we get there soon.

CHAI RVAN HALL: Wll, that is why the
Chairman's frustrations go at least to being sure that
we upgrade flight data recorders. That's a decision
obviously of this full board -- of the full board of
the National Transportation and Safety Board, but it is
certainly sonething we're | ooking at. I"m pleased to
hear that you're looking at it.

Hopefully, that will get the sane type of
aggressive action that you nentioned in the other
cat egory.

Does anyone el se have any other questions for
this w tness?

(No response.)

CHAI RVAN HALL: Parties?

(No response.)

CHAI RVAN HALL: Sir, we appreciate very much
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your presence and your testinony. You are excused.

THE W TNESS: Thank you.

CHAI RVAN HALL: The next witness of M. David
Cann or Conn. Is it Cann?

THE W TNESS: Cann.

CHAI RVAN HALL: Thank you, David. Davi d,
please listen to what title | give you. If I'"mnot
correct, let me know, so | won't repeat it two or three
times. The principal maintenance inspector for USATr,
for the Federal Aviation Adm nistration here in
Pi tt sburgh.

(The witness testinobny continues on the next

page.)
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DAVI D CANN, PRI NCI PAL MAI NTENANCE | NSPECTOR, USAIR
FEDERAL AVI ATI ON ADM NI STRATI ON, PI TTSBURGH,

PENNSYLVANI A

Wher eupon,
DAVI D CANN,

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 foll ows:

MR,  SCHLEEDE: M. Cam give us your ful
name and busi ness address for the record?

THE W TNESS: Davi d Cann, FAA Fli ght
Standard's District Ofice 19, One Thorn Run Center

1187 Thorn Run Extension, Coraopolis, Pennsylvani a.
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MR SCHLEEDE: \Wat is your position with the
FAA?

THE W TNESS: Currently, | amthe principal
mai nt enance inspector assigned to USAIr.

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

THE W TNESS: | started out as an aircraft
mechanic in the Air Force on transport category
aircraft. After that, | subsequently went to work for
an airline as a nechanic in flight engineer. Fol | ow ng
that, | worked for a 135 nmechanic on leer jets and
M tsubishi MJ2 aircraft. Following that, | becane a
civilian enployee of the Departnent of Defense as a
flight engineer on transport category aircraft.

In 1986, | came on with the FAA The first
position with the FAA was that of a geographic
i nspector responsible for 121 air carrier aircraft and
operators over a geographic area, including Pittsburgh,
Erie, Elnmora, Ithica, Syracuse, Buffalo, Rochester and
Tor ont o.

| then assuned a position of assistant
princi pal maintenance inspector, USAT. Later | becane

a partial program nanager or fleet manager wth
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responsibility for the Boeing 767 aircraft and the BA-
146 aircraft. Then in February of 1990, | becane the
princi pal mai ntenance inspector of USATr.

MR, SCHLEEDE: Thank you. Wat FAA rating
certificates do you hol d?

THE W TNESS: I currently hold a mechanic
certificate with air frame and haul plant ratings, and
a flight engineer certificate with turbo propeller
rating.

MR, SCHLEEDE: Thank you. M. Sasser

MR SASSER Good evening, M. Cann. M.
Cann, could you explain to us your role or rather the
role of the FAA in the devel opnent of USAIr's
mai nt enance program and its continuing operation as
wel | ?

THE WTNESS: As previous testinony stated,
when a new aircraft originally conmes into a fleet of a
particul ar operator, with that, you have the
mai nt enance review board or the MRB docunent. That
docunent specifies the mninmm requirenents for a
mai nt enance program for a scheduled or routine
mai nt enance.

Additionally, the nmaintenance planning

docunent or MPD which is produced by the manufacturer
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is also utilized. Specifically to the 737-300 Boeing
task cards are also associated which correspond to that
mai nt enance pl anni ng docunent.

Along with that, you have the nmaintenance
manual s that conme with the appropriate aircraft. Al
of these things are reviewed by the operator. After
review, the operator develops their own maintenance
program It's obvious that there is nore to it than
the MPD or MRB specifies, because there's non-routine
mai nt enance to be consi dered.

So each operator is sonewhat different,
because of the operating environnment, maybe the
configuration of the aircraft, nodification status to
the aircraft, et cetera. Al those things have to be
considered in the devel opnent of the maintenance
program which is the responsibility of the operator at
t hat point.

MR SASSER You operate here in Pittsburgh
And the term nology for your organization here that
handl es USAir's nmaintenance is the certificate
managenent unit or CMJ. Can you explain to us, give us
sone explanation of the organizational structure of the
mai nt enance part of the CMJ, please?

THE W TNESS: I'"m the supervisor of the
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mai nt enance portion of the certificate managenent unit.
| currently have ten inspectors. One being ny
assistant or the assistant principal nmaintenance
i nspector. ['lIl explain what acronyns we use. One is
a PPM or a partial program nmanager, which is comon to
a fleet manager and an assistant partial program
manager .

| have a partial program manager and an
assistant partial program nmanager assigned to the DC- 9
MD- 80 fl eet. I have a partial program nanager and
assi stant partial program nmanager assigned to the
Boei ng 737-200 fl eet.

I have a partial program nanager and
assi stant partial program nmanager assigned to the
Boei ng 737-300/ 400 conbined fl eet. | have a partial
program manager and assistant partial program nmanager
assigned to the Boeing 757 an Boeing 767 fleet.

A partial program nmanager assigned to the
Foker F-100 fleet. And a partial program nmanager
assigned to the Foker F-28 and the Boeing 727 aircraft
fleet.

MR SASSER In the course of your operation
you are required to do certain surveillance operations

on the air carrier. In planning the activity of the
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people in the CMJ and your personnel, can you explain
to us how you go about setting up a work plan for these
people for the type of inspections and nunber of
i nspections that they'|ll acconplish during the year?

THE WTNESS: Wat we have to consider first
is what we call environmental or environment for USAir.
That consists of what work USAir currently does. What
ki nd of heavy checks. Those being D checks or USAiTr
refers to themas Q C-checks, B-checks, A-checks,
transit checks, et cetera, which are all different
interval s.

What kind of shop work they do, what kind of
overhaul, be it seats, conponents, engines, et cetera.
W also look at addition to conmponents, facilities,
line stations, heavy maintenance, hangers, et cetera.
After considering all of these environnmenta
characteristics, we plug that into the database.

W also look at any trends that we've seen
over the previous year. W |look at any enphasis areas
which could be new FAA policy, newy inplenented
regul ati ons. Deicing would be a perfect exanple. Wth
that, we focus our attention or our staffing in those
ar eas.

Additionally, we have the routine
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surveillance that doesn't fit any of the categories
above. We work on this program W put it into the
dat abase, and then it's assigned to the office. This
program al so enconpasses those -- what we refer to as
R-itens or required itenms which are put out nationally
at the direction of Washington and our region in New
Yor k.

Those are itens that they track specifically.
Those are duly noted on our work program The work
prograns are then sorted and selected and given to the
respective partial program nmanager or assistant partial
program manager by fleet

MR. SASSER. Are these prograns
acconpl i shabl e and have they been acconplished in the
| ast couple of years? In other words, are a |large
percentage of the program being acconplished that were
pl anned for that year?

THE W TNESS: Qur goal is always 100 percent

acconpl i shment . Sonetimes we're at 98 percent, 99
percent, 97 percent. But we will always strive for 100
percent.

MR. SASSER. Wen we tal k about surveillance,
what are we talking about? Wen we say you're going to

do a surveillance operation on an air carrier or an
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operator, what does that nean?

THE W TNESS: Surveillance is nmade up of a
ot of different inspections. W have one type of
i nspection called a ranp inspection. That's an
i nspection of an aircraft that we refer to as being in-
service, an aircraft that's on the gate. Per haps j ust
came in with passengers and is waiting to board to go
out .

In that situation, we would go to that
aircraft and using what we call a job aid or a
checklist, acconplish that inspection to denote or
detect any nechanical irregularities. If any are
found, we communicate it to the flight crew or to the
managenent personnel or a mechanic.

W also do in route inspections, which are
flight inspections to observe the operation of the
aircraft systens for systemirregularities during
flight.

Anot her particular inspection is what we call
a spot inspection. That's a real hands-on inspection.
That's an inspection where a nechanic is doing a job
and we'll really go up to the mechanic to watch and
observe he or she doing a job. Make sure that they

have the know edge. They have the required

CAPITAL HILL REPORTING | NC.
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publications, work task card or work instructions to
properly acconplish a task, and actually watch them
observe themdo it.

O her inspections are structural inspections.
The aging aircraft is a big consideration. W do a |ot
of hands on there in that we observe the inspection,
the NDT inspections associated with aging aircraft.

Airworthiness directive conpliance. AD
conpliances is another very inportant work task. W
have obviously reliability evaluations. W have
records reviews, et cetera.

MR. SASSER Could you give us some estinmate
of how many of these surveillance inspections were
acconplished during the fiscal year in 19947

THE W TNESS: I don't have the data for
fiscal year '94. I can tell you cal endar year '94.

MR SASSER Cal endar year '94.

THE W TNESS: The total, | believe,

i nspections on USAir exceeded 3600. That's FAA wi de.
O that nunber, our office or ny staff acconplished
approximately 41 percent or slightly under 41 percent
of those total inspections.

MR SASSER In acconplishing these

inspections, the reports are filled out and data is
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collected and then you said was put into the system
Can you tell us what's done with that data once it's
col | ect ed?

THE W TNESS: Upon conpl etion of the
inspection, the inspector will return to the office and
enter into the conputer or have entered into the
conputer system what's called PTRS, a program tracking
and reporting system It's the FAA database for data
collection of inspections.

W enter coments. W enter a description of
the inspection and nunber of aircraft |ocation,
pertinent statistics like that, and any conments
associated with a conment code. Be it informational, a
potential problem or unacceptable. That data is then
input. We download this data weekly.

One reason we | ook weekly is for any
significant trends that need a quicker reaction than
any long-termtrend. W also download this data
nmonthly and do a snapshot trend of this data.

Then quarterly, additionally we downl oad all
the data. W do a trend analysis of that data. W
have a neeting with USAir, and share that data wth
them for their corrective actions. ["lIl tell you that

this analysis is done by either nme personally or by ny
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assi stants.

MR SASSER Do you know of any surveillance
operations that are performed by other parties other
than your CMJ or geographic units around the country
out side of your organization and any other surveillance
operation?

THE W TNESS: Qutside of our office, there's
a program called the National Aviation Safety
I nspection Program or NASIP program within the FAA
This program is generally made up of inspectors from
outside of the certificate holding region, which in
this case is the Eastern Region. A teamw || be
generated in the airworthiness and in the operations
ar ea.

They wil.1 come in for a period of tine to do
an inspection and sort of give a different set of eyes,
so to speak, to the inspection of the assigned
operator. In this case, USAir got a NASIP -- received
a NASIP inspection in 1993, | believe it was.

In addition to the NASIP program the
Departnment of Defense has a responsibility for periodic
audi ts. That's conducted by the United States Ar
Force out of Scott A r Force Base, Illinois. They cane

in | believe in 1994 and did an audit on USAir, as
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wel | .

MR, SASSER: The results of these NASIP
i nspections and DOD audits are, | assune, given to you
and that is also put into your data for the now system
and inplenentation of corrective nmeasures for USAr?

THE W TNESS: The NASIP information is
entered into the PTRS system It's also a matter of
record. The Departnent of Defense gives us a witten
report that we respond to, any findings that they so
not e.

MR, SASSER: What nethod is used to insure
that the in-service problens are adequately addressed
by USAIr?

THE W TNESS: In-service problens or what we
would refer to as trends or concerns, as | nentioned,
we trend weekly, nonthly and quarterly. As previously
stated, quarterly we have a neeting with USAir to share
t hat information

Additionally, nonthly we have a neeting with
the USAir quality assurance and engi neering departnents
who conme to our office and we go over any short-term
snapshot trends or any concerns that may not be a
trend, but they are concerns.

Addi tionally, our continuance surveillance
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woul d verify any problens that we so noted and were
t racki ng. Also quarterly, we put out what we refer to
as a geographic newsletter. That's a newsletter that's
sent out through the FAA nmail systemto all the other
Flight Standard's District Ofices throughout the
wor | d. W& request their assistance

W give them specific enphasis itens. W
gi ve them codes to use. So that if they use those
codes and do the surveillance, it will help us better
in our trending. Al of this together helps us to
follow up on any in-service problens or in-service
concerns that we have raised with USAr.

MR SASSER M. Cam from your perspective,
what is the relationship between USAir and the FAA, and
what is USAir's attitude toward conpliance with the
Federal Aviation Regul ations?

THE W TNESS: My inpression or ny opinion of
their attitude regarding conpliance is that they are
pro-active. As M. Cohen had been previously
testified, they initiated an internal evaluation
program three years prior to the advisory circular
bei ng i ssued.

They used voluntary or self-disclosure

program that's covered by an advisory circular to
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report discrepancies and violations that they do. They
are pretty up front with that. So I think ny
i npression of their attitude regarding conpliance is
good based on that.

As well, we know historically that they have
brought in independent audit firns to assist in the
audit of their own conpany. To me, that's an indicator
of a pro-active approach to conpliance.

MR SASSER M. Cam are you aware of any
requirements to routinely collect and test hydraulic
fluid sanples fromthe Boeing 737 fleet?

THE W TNESS: Specifically for the Boeing
737-300, | believe that the maintenance manual refers
to taking hydraulic sanples when the operator's
experience determnes that they are necessary to be
t aken. Beyond that, | know of no requirenent as such.

MR SASSER There's no hourly or yearly
requirenent. | believe we heard testinony earlier from
M. Cohen that they did that on a regular basis. At
| east annually, but there is no requirenment that you're
awar e of from Boei ng.

THE W TNESS: NO.

MR SASSER I have no further questions, M.

Cann. Do you have anything that you would like to add
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that we failed to talk about?

THE WTNESS: No, sir.

MR, SASSER M. Chairnman.

CHAI RVAN HALL: Thank you, M. Sasser. Do
any of the parties have questions of this wtness?

(No response.)

CHAl RVAN HALL: M. Marx?

MR MARX: No questi ons.

CHAI RVAN HALL: M. dark?

MR CLARK: No questi ons.

CHAI RVAN HALL: M. Schl eede?

MR.  SCHLEEDE: No questi ons.

CHAI RVAN HALL: M. Laynor?

MR LAYNOR: No questions

CHAl RVAN HALL: Well, the Chairman has sone
questions, so. To just get a feel, you have ten people
that work for you, are enployed with you, sir?

THE W TNESS: Yes, sir.

CHAI RVAN HALL: You all perform what, about
1400 inspections a year? | was trying to take 40
percent of 3600. So roughly 1400, 15007

THE W TNESS: Roughly, yes, sir.

CHAI RVAN HALL: Could you tell nme routinely

in regard to the hydraulic systens on planes, what type
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of inspection you would routinely run, if any, that
woul d inpact the checking the proper nmaintenance of the
hydraul i c systens?

THE W TNESS: Routinely, we would -- for
instance, we know that USAir issued a CD or what's
referred to as a canpaign directive to sanple hydraulic
fluid. W would take the initiative to go |look to see
that they're sanpling and sanpling the fluid properly

in accordance with the maintenance manual requirenent.

Anot her issue we know is the PCU, the power
control wunit. The opportunity arises to observe a
power control unit replacenent. W will obviously put
particul ar enphasis on that.

O her than that, we would observe routine
mai nt enance, including the use of the hydraulic round
test hands or hydraulic mules. O her than that
directly relative to the 737-300 hydraulic system
mai ntenance, it would be just a continuous oversight.
It would be hard to schedul e. I f somebody's working on
that system obviously we observe the maintenance on
it.

CHAI RVAN HALL: Well, ny understanding is

that FAA in its letter | referred to yesterday stated
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that there were problens with the systens, the power
control system et cetera, and | need to |ook to get
t hat correspondence in front of ne. That coul d be
detected by manual checks that are taking place before
each flight.

Are you famliar with what | am tal ki ng about
or should I try and get that letter out?

THE W TNESS: I"'mnot famliar with the
letter. I don't know if you're referring to a check
that's done by the flight crew or not.

CHAI RVAN HALL: Yes, the ground check

THE W TNESS: That's not done by maintenance

per sonnel . | believe that's done by the flight crew on
the originating flight, | believe, if I'mfollow ng you
correctly.

CHAI RVAN HALL: So if the flight check found
a galling condition that was then reported to the
mai nt enance crew, would that be a docunent that you-al
woul d review as part of your inspection?

THE W TNESS: That woul d be documented in the
| og book. If it was a pilot discrepancy, the pil ot
woul d obviously initiate an entry in the |og book. W
routinely review | og books. It's a big part of our

program That's one of the ways that we detect trends.
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CHAI RVMAN HALL: Since the Col orado Springs'
accident, has there been any direction to you in terns
of your inspection of the rudder systens on the 737s?

THE W TNESS: If you' re asking whether there
was any particular enphasis placed on us by higher
headquarters, | don't believe so. I know that we have
personally placed -- nmade it an enphasis item as a
result of 427.

CHAI RVAN HALL: But nothing prior to the 427?

THE WTNESS. No, sir, not to ny know edge

CHAI RMAN HALL: Fourteen hundred inspections
is a lot of inspections for ten people, | would think.
How |l ong does it take you to do an inspection and how
do you decide on a great big plane like that with lots
of things to inspect, how do you decide what you | ook
at?

THE WTNESS: As | said, if we are doing a
ranp inspection, we have a check list or a job aid that
we use. It may or may not be possible to acconplish
everything on the job aid because there could be
passenger boarding, et cetera.

Spot checks are quite easy, because the
aircraft is out of service. W have a significantly

nore anount of time to spend. W can review the

CAPITAL HILL REPORTING | NC.
(202) 466- 9500



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

956
mai nt enance material that the nmechanics are using and
observe the work task being acconplished. Dei ci ng
surveillance is sonewhat different in that we can
actually get out and watch the deicing. We can get out
into the elenments and observe those.

So each inspection that we do has different
hourly requirenents. I use word requirenents in that
it's really not a requirenent. W know what we have as
far as a work rate for planning purposes, but we really
don't track the total work activity as such in man
hour s.

CHAI RMAN HALL: You say that generally your
experience in relationship with USAir has been good.
How | ong have you been in this position, sir?

THE W TNESS: I've been the principa
mai nt enance inspector in USAir since February of 1990.
So, |'"mcomng up on five years.

CHAIRVMAN HALL: An item such as the auxiliary
fuel tank that was referred to in the earlier testinony
that was installed on some of the 737s, | gather, that
go on the longer trips, and | understand that was a
nodi fication that was nade by the airline rather than
Boei ng. Wat oversight do you have or what role does

the FAA play in that at all, if anything?

CAPITAL HILL REPORTING | NC.
(202) 466- 9500



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

957

THE W TNESS: Sir, | think you're referring
to the PATS tank installation. That was an STC t hat
was issued to PATS which is the conmpany manufacturers
the installation and that was done by Tranto in
Seattle. I don't think -- to the best of ny know edge,
USAir did not do any of those installations thenselves.
It was done generally prior to delivery of the aircraft
in Seattle.

CHAI RVAN HALL: But did you-al.1 have any role
in that, the FAA?

THE WTNESS: No, sir, we have after the
fact, because we knew that there were -- it was a trend
itemthat we | ooked at, and we knew it was a new
installation. So, we created an enphasis item to pay
attention to that once it was initially installed.

CHAI RMAN HALL: You-all were notified by
USAir of it before or after it was installed?

THE WTNESS: W were notified before the
aircraft came on board, because there were AFM or
flight manual revisions that were necessary, as well.
| mean, that also included pilot handbook changes, a
wel | as maintenance procedures. So, we were aware of
t hat .

CHAI RMAN HALL: Is there anything el se that
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you feel that you could add in your testinony that
woul d assist us in our investigation of this accident?

THE WTNESS: No, sir. The only thing |
m ght add was that in the previous testinony, to the
best of nmy know edge, the accident aircraft, M513-AU
was a Boeing 737-3B7, which indicates that it was
delivered to USAir, if that would help clarify the
previous testinony.

CHAI RVAN  HALL: CGood. God. M. Corm |
don't believe -- Cann, |'m sorry. R ght ?

THE W TNESS: Yes, sir.

CHAI RVAN HALL: It's getting late. | don't
believe | have any other questions. Are you going to
be with the table for the rest of the week?

THE W TNESS: I will be here for the rest of
the week, sir.

CHAI RVAN HALL: \Well, good. So if we get

into anything else, that would be helpful to us. But
thank you very nuch for your -- well, | did have one
ot her questi ons. Do you have an adequate nunber of

people to do the job that the FAA asks you to do?
THE WTNESS: Yes, sir. Qoviously, | |ook at
quality rather than quantity. W |ook at doing quality

i nspecti ons. That's paranount . If | had nore peopl e,
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| could do a higher quantity. If I had | ess people, I
could probably do a smaller quantity. But |'m worried
about the quality as opposed to the quantity.

CHAI RVAN HALL: And the experience of the
people that are enployed there with FAA that you have
responsibility for, what type of previous federa
service -- what type of service do they have generally?

THE WTNESS: As far as airline service
experience?

CHAI RVAN HALL: Yes.

THE W TNESS: They are quite experienced.

One nenber is a nmenber of PAN American Airlines for 20
sone years. QG hers have been in the industry with
other airlines, Eastern Airlines, in fact, repair
stations, snaller airlines. So | believe |I don't have
a person that's got less than 20 years experience in
the aviation industry.

CHAI RMAN HALL: Very good. Well, | wanted to
put that on the record because a lot's witten about
everyone's roles here. Qoviously, there's an inportant
role that the Federal Aviation Adm nistration plays.
They have a nunber of dedicated enpl oyees, and you
certainly have represented them well today. Thank you

sir. You' re excused.
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THE W TNESS: Thank you

CAPTAI N SHARP: Excuse ne?

CHAI RVAN HALL: I"msorry, Captain. You hed
a question? |'msorry. Wuld you mnd renaining,
pl ease, M. Cann?

THE W TNESS: Yes, sir.

CHAI RVAN HALL: The m crophone for USAir,
pl ease?

CAPTAI N SHARP: M. Cam could I just maybe
ask you one question about the PATS tank. There seem
to be a little bit of a point that maybe we need to
clarify on that.

Was it not your understanding that that PATS
tank was installed at the factory as an option from
ot her than Boeing, but installed while the airplane was
still a new airplane and owned basically Boeing
property before it was delivered to USA r?

THE W TNESS: It was ny understanding, |
don't think, Captain Sharp, that that was ever raised.
The point that was raised to ne that the aircraft was
new. It went from Boeing to Tranto to have the PATS
tank install ed. I don't think we ever had question of
owner shi p or anyt hi ng. That was never an issue that we

rai sed.
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CAPTAI N SHARP: But the installation was done
by PATS, the conpany that had an STC, which had been
approved by the FAA for installation of the tank?

THE W TNESS: Yes, sir.

CAPTAI N SHARP: Thank you.

CHAI RVAN HALL: Does that conclude? Thank
you very much. You are excused this tine.

(Wtness excused.)

CHAIRVAN HALL: W are sitting here trying to
debate whether we should go one nore tinme or whether we
should just adjourn and proceed in the norning. Are we
far enough along, M. Haueter, on this witness I|ist
that we can wait and proceed in the norning?

MR. HAUETER: The next witness w Il probably
take an hour, an hour and a half, sir.

CHAI RVAN HALL: Wwell, | appreciate very much
the parties' willingness to stay this |late and assi st
us in working through this testinony. This is a long
hearing, but | want to be sure that everyone has
adequate tinme to ask whatever questions and put on the
record whatever needs to docunment our investigation at
this point.

VW will, therefore, now recess until 8:30 in

t he norning.
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adj our ned.

(Whereupon, at 7:26 p.m, the hearing was

To be reconvened on Thursday,

1995, at 8:30 a.m)
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