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August 20, 1997

Captain Cecil D. Ewell
Chief Pilot and Vice President of Flight
~ American Airlines
American Alrlines Flight Academy
.P.O.Box 619617
Dallas-Fort Worth Airport, Texas 75261-9617

Dear Captain Ewell:

After your AAMP conference Tom Melody, Larry Rockliff, Tom Imrich and Ken

Higgins committed to provide you a cocrdinated package of recommendations for

improving your already excellent-program. This is our coordinated response. Our

Intent is to give you additional and corrected technical information as well as the )
benefit of our experience in unusual areas of the flight envelope for 1raining pilots in

various airplane models. We hope you accept this as part of growinig industry-wide

effort of working together on common training and flight safety issues.

Qur inputs are organized into the following subjects;
Acrodynamic Explanations
The Use of Rudder
Airplane Recovery from Upsets
Use of Simulators
Angle of Attack Indicators
Technology Avetsion
Factual Errors.

. Aerodynamic Explanations - :
It is important that commenly accepted acronautical terminology and notations be

used. The AAMP doces an excellent job in presenting many ideas in a shon time span
while keeping the technical information at a line pilot’s level of understanding. The
risk in doing this is that some terms may not always be uscd in the technically correct
context. This could become misleading or in some cases, have a negative cffect on
training. The use of the term “phugoid™ when describing speed stability is an
example. Additicnally, we believe that consistent and correct short-hund
acronautical notations should be used, We rccommend that you refer 1o a commonly
accepted reference such ax Perkins and Hage, “Airplane Performance, Stability, and
Contral* or “Acrodynamics For Naval Aviators” that Is issued by the Chicl of N-wal
Operations Aviation Training Division.

The uotion and applicatiOn of corner speed should be revisited. The corner tpccd.
concept is not questioned and is entirely appropriate for combat aircraft when
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optimum combat maneuvering is necessary for achicving a competitive advantage.
However, the Issuc is complex beyond practical use in procedural application for
recovering a large transport airplanc from an upset. The first limitation in applying
corner speed to recovery is the fact that the speed is a function of several variubles
including airplane weight, and therefore is ot a constant. For practicality, this is
solved by identifying an average comer speed for the airplane model and aceepting
the resulling less than optimum turn radius. Additionally, there ix the potentia) that
pilots couild fixate on obtaining and maintaining corner speed; while delaying os
ovcrlooking implementation of other recovery techniques, and result in unnecessary
‘loss of altitude during a nose low recovery. Exposing pilots to the voncept of corner
speed and radius of turn as 2 basis for understanding why it may be necessary to
increase speed in order to recover from a nosc low, low altitude upset is heneficial,
However, incorporating a comer speed into recovery procedure, we fecl is
inappropriate.

Usc of Rudder

The cxcessive emphasis on the superior effectiveness of the rudder for roll control
vis--vis ailcron and spoilers, in high angle of attack, is a concern. Muny of the
AAMRP slides associate high angle of attack with use of rudder. Although ruddcr
usage for turn coordination and yaw control is emphasized and appropriate with
improving “hands on” flying skills, modem aircraft have yaw dampers and tumn
coordinutors designed to provide adequate yaw coordination and the manual

. application of rudder can defeat its purpose. The pilots are left with the impression
that it must be used first in all high angle of attack situations. The factors associated

. with high angle of attack when considering aerodynamic and environmental variebles

presents the pilot with a technical challenge. When should it be used? How much
should be used? How long should it be used? While some of this is touched upon,
additivnal rudder use information should be provided with emphasis on the
consequences of inappropriate use of radder. Although a simple rule aboul rudder
usage cannot be stated, 3 more appropriate standard is to first use full aileron control,
if the airplane is not responding, use rudder as necessary to obtain the desired
airplane response. Momentary actuation of spoilers during roll input docs not
significantly increase drag.

Sideslip angle is a crucial parameter that should be discusscd in your program. I is
probably not well understcod by many line pilots, but has a significant impact on an
airplane’s stability and control. Large or abrupt rudder usage at high angle of attack
can rapidly create large side slip angles and can lead to rapid loss of controlled flight.
Rudder reversals such as those that might be involved in dynamic muneuvers created
by using too much rudder in a recovery attempt can lead to stractural loads that
exceed the design strength of the fin and other associated airfrume components; - The
hazard of inappropriate rudder use during windshear encounters, wake tnrbulence .
recovery and low girspeed at high angle of attack, for example, stick shuker, shou d
also be included in the discussion. The use of “top rudder” without an explanatic 1 of
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the exact situation may cause pilots to inappropriately use excessive rudder when

- attempting to use coordinated rudder. In a high angle of attack condition, this could

result in a deluyed recovery, excessive bunk angles or even a rapid roll in the

" opposite direction.

A;;gp_lane Redovgﬂ from Upsets

‘The AAMP recovery procedure for a high angle of atrack, nose high upset instructs
 the pilot to unload and roll (limiting bark angle to approximately 70 degrees) toward

the nearest horizon in order to lower the airplane nose. Tt is impartant W initially
stress unloading the wing through (up to) full down elevator, and down stabilizer
trim. Roll should be introduced only after exhausting the use of pitch axis controls

- and after considering the reduction of thrust (on airplanes with wing. mounted

engines): Introducing roll angles at extremely high angles of atack creates sideslip
and hence has the same concerns as rudder usage. Accident and incident data
indicate that many nose high, high angle of attack events arc because of inappropriate
stabilizer trim. The initial use of elevator and down stabilizer trim will normally be
adequate in establishing a nose-down pitch rate. In combination with thrust
reduction few failures can be conceived for which these measures would not he
sufficient. As with all proposed scenarios, the use of roll to assist in pitch attitue
reduction cannot be ruled out, but if the airplane is at high angles of attack, the
sideslip introduced by rapid roll may result in departure from controlled fight.

As mentioned above, reducing thrust on underwing mounted engines is another way
1o assist the pilot in lowcring the nose. While the effects of thrust on pitch are
emphasized earlier in the presentation, the possibility of reducing thrust during a

" nose hxgh recovery is not part of the discussion, In fact, the recovery pmu.dun.

infers an increase in thrust in most nose high recoveries.

We identified our concerns with the use of rudder to generate a roll as a separate
subject earlier. Inappropriate use of rudder during a high angle of autack. nose high
upset should again be stressed while discussing the nose high recovery.

Use of Simulators

Associated with upset recovery is thc ebility to train pilots. Simulators have becumne
practical and accurate training tools throughout the evolution of our industry. To that
end, they have become accepted by the user community, with & high degree of
confidence in the fidelity of their performunce. Artificially manipulating a simulator
into an environment that is way beyond valid enginecring data creates a potential for

. negative learning. Current simulator limitations also do not permit the replication of

lincar or lateral load factors. Using a vortex flow in the simulator to induce an upset
is a reasonable approuch, however, inhibiting aileron inputs as apparently i
implemented in your training simulaters, until the airplanc has rolled through 90

- degrees of bank will invariably result in large sideslip angles—probably outside the

range of valid acro data. Additionally, without any aileron effectivencss during the
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first 90 degress of roll, the pilot will probably use rudder in an attempt to roli the
airplane erect. This will lead to an increase in sideslip that could invalidate the
response of the simulater to any further § inputs. Filots nesd to be aware that the
simulator will not necessarily respond as the axrplane will when simulator
capabxhnes are exceeded.

Angle of Attack Ind:cators

There is a strong recommendation for an analog Angle of Attack indicator. It is
implied that this device can be used for a variety of functions, including detection of
overweight conditions and as an indicator of critical performance parameters.
Although an angle of attack indicator can be used to determine wing angle of attack
and therefore be used for recovery from unusual attitudes, its use as a performance
tool is limited without the inclusion of corrections such as accurate center of gravity,
a parameter not currently available on commercial airplanes. Also, the accuracy of
current angle of attack vanes (absent inertial correction) is not sufficient to indicate
accurate medium to high-speed performance parameters. Additionally, the human
factors such as aircrew performance while using angle of attack indications during
recovery of large transpaort category airplanes have not been studicd.

Litde information is provided on the vulnerabilities or limitations associated with
presenting angle of attack guidance. Factors such as its reliability with wing icing, or
airplane configuration anomalies, such as loss or partia loss of a radome, or the
additional training required to assure its proper use are overlooked. As you know,
manufacturers are working with your company and others to respond to the angle of
attack issue. We are defining the technical requirements, ways of displaying the
information and associated costs. In the interim, the discussion of this subject should
be more balanced.

Ist_:!mﬂggx_&;mn '
The subject of the proper use of anmmatxon is right on target and timely. Alrplane

accident and incident data validate your concemn in this area. Equally, enginecring
advances incorporated into all modern jetliners in recent years can share in the safety

_ statistics the industry enjoys. The human factors issue associated with the proper use
of automation is also excellent infermation for pilots. Indeed there are likely as
many situations where a crew would be well served to use the technology available to
themn, rather than be primed 1o eliminate it. The key point is for the user to be
gituationally aware so they can make rational decisions instead of rote responses. To
better balance the discussion, it should inchide some positive information about why
technology was introduced and what it does to assist the pilot.

Facwal Errors

Some of the information presented while using actual accident scenarios is mcorrcct
or has been misinterpreted. For example, it was stated that the 737 rudder pedals did
not indicate the rudder position if the rudder PCU had certain failures. This is
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incorrect, the rudder pedals indicate the dircction and motion of the rudder exeept for
yaw damper inputs. Information about the A300 Nagoya accident also has some
fundumnental errors. We recommend you review this information and work with the
manufucturers or safety organizations in order to maintain correct informaticn in

your program.

The AAMP is an excellent program and we applaud American Airines for
expending the time and money in developing and implementing it. The concerns we
identificd can easily be mitigated with some modifications. As you know, the
industry is working to develop an Airplane Upset Recovery Training Aid that should
include many of the AAMP ideas and information. We hope that your staff will
continue to provide that industry team with the benefit of American Airlines
information and experience. We appreciate the opportunity to make this input.

Sincerely,

. Kenneth Higgiraa.“ .

ocing Commercial
Airplane Group
Vice President
Flight Operations and Validation

Tom Me! ( s

Boeing Pouglas Products Division
Sr. Manager/Chicf Test Pilot
Experimental Flight Test

* and Customer Service

%amﬁ\/mu&

Tom Imrich

FAA .

National Resource Specialist,
Air Carrier,

Operations

Larty ockl%

" Airbus Service Company,

Training Center
Flight Training
Director and Chicf Pikat
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M. §. Keaneth Higgins, Vics President
_Becing Commescial Alrplane Group
‘Right Operations nnd Validation

M. Tom Imrich, FAA
National Resource Specialist
Air Carrer, Cperaticns -

Mr. Tora Meledy. Senior Manager/Chicf Tess Pilot
Bocing Douglas Praducts Division
Experimental Flight Test and Custorner Service

Mr. Larry Reckliff, Director and Chiaf Pilot
Airbus Service Company Tralning Ceater
Flight Tralning : :

Referencs:  Leftzr dated Augﬁ‘:i 20, 1957 from the Addressess
Subject: Rzcommesdations for AAMP
Centlemen:

In response to yoor Augest 20, 1557 cw:d:aawd packsge of recommendatons regarding
our AAMP program, I weuld submit the following.

The Aztodynamices section of the program was ard is founded on several .
mcogmzed sources. Ferkins and Rage, “Airplanc Performance, Stability, and Control”
was & grizeary reference. Additionally, we have been teliing pilots for many years that

* Aercdynamics for Naval Aviators” by Hegh Hunt is the best single source document
available ca this subject

The use of Greek Jetters and formulas dees not play well with pitots. In convesting
ta English lesters and medifying words, some technically correct terminalogy was lost
‘I'om Imrick and Warren VanderBurgh bave worked together over the past three imonths
oo this issue. Itis my understanding that Tom is satisfied with the medifications we made
(although the labeling will centinug 10 differ somewhat from that in Perkins and l!agc)
Tacse mxpxovcmnts are inciuded in Revisien !b 10 the AAMP booklet,

MERICAM ARUNES FUGw ACADEMY. B & G3X MEEY2. G5wW AIRSORT, TENAS TRI64.0817, CAR # ADDIWLE Adan
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Recent accident history highlights the Imponance of understanding corner speed.
We are presenting the comer speed Issue correctly and fee! that we are applying it
appropriatcly. Our exgerience with the AAMP simulator sessions over the past two years
have very clearly indicated a nead for exposuse in this arena. ' ' ’
Usc of Rudder

Let me say this one mort time, we do not advecate the introduction of Lizge
siceslip angles when flyiag &t high angle of arack. You scemiabe predisposed o the
belicl that we arz using rudder first or ruddes only. The workbock is not a stand-atoue
decument ard nothing sheuld be inferred without Ustening carefully to the presentation,
In four different scctions of the AAMP, exnphasis is fecused on the fact that when the
airplane is nne respording to sileron and spoller control, you should use smooth
application of goordizatid mdder to obtain the desired rold response. Additionally, bat me

re-emphasize that AAMP stresses keeping the aisplane inside the flight eavelope 4t al)
times regandless of attitvde. Cur pilots are taught to always "reswcz‘f the stick shaker.

The bazand asscciated with large or abrupt application of sudder at high angle of
arack is clearly exemplificd by the NTSB video re-exeations of the 737 secidents at
Colerado Springs and Pitrsburgh. (I you accapt the NTSB's conclusion of 2 hard-oves
rudder as the niost probable causc). Additionally, the Bocing Compaay develuped videos
dealing with 'Crossover angle of attack’ which are very belpful in emphasizing the ruddere
powesiul affect on rell control at higher angles of anack. :

The proper uic of "top rudder® and the fow alpha conditions under which it is
applicd are very clemly explained in the preseamtion,

Aimlare Recovery from Usses

Kea, this is an areaa in which we de:ﬂydingxeew&nywiwywposiﬁm Aflter
disconnerting the autopiiot and aytothrottles, the fizst two s:2ps of our current pose high
recovery procedure are 3s follows:

Unfcad with Forward yoks p::s#m toward 2ex0 "G* force
Rall the aircraft woward te pearcat harizon - Lmit bank aogle to approxinatety &0°

At American Airlines, we teach cur piliots to fly the airplare first using prinary
flight controls. If nrlcading with elovator does rot generate an adeguate nose down pitch
- T, Gen we will set hesitate to roll the 1ift vector off the vertical 1o penerate the required
rose down pitch rate. ‘This procedurs will werk ob all of cur airczafe. Any delay in
initiating the voll (if required) could lead to a very tenuous situation.
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We will pot teach nose down stabilizer trim as the rex! siep afier unloading. There
are significant rigks associated with running stabilizer trim during an upset revovery. ‘This
is not to say that a pilot cannot atempt 16 trim off cxt:esslw: stick forces during the
recovery precess.

‘Preseovation of energy is a primaty cenczm on a nose high recovery. We will ngt
teach the reduction of thaust prior to rolling the lift vector off the vertical. This wonld be
ustally counter-preductive on more than half of our aircraft. It may also be counter-
productive on airplancs with underwing engines, depending upon altitude and kinetic
energy levels. Only afiér we unjoad and roll will we consicee thrust and in must nose high
recoveries we will increase thrust. Depeeding on energy levels (altitude and arspeed), we

. will consider reducing thrus? on aisplanes with underwing engines.

We do not understand your cencer aboue high angle of attack maneuvering
during nosc high recoverics. Ragardless of awinede, the action of unleading will lower
angle of attack and the airplane should respend zormally to its roll ecatrols,

s, of Sirmlasors

The AAMP sirplator training mode!s have beza in continuous developneal over
dr.cpasuwo yemmdweeonunm to refins thamn, We have come a long way woward
representing realistic scenaries. Ore of cur covenants bas always beon 10 abide by the
coneol laws in each of cur cight flest typs aircraft. InitiaMy, mhibmng aileron input
respense on the voricx model simylatien was a gecessary compromise 1o achicve both
realism and the destred leaming obgcszwc. Bowever, this dous not resolt in large sideslip
angles as you suggest. On ycur next visit to cur Flight Academy, we will be pleased o
show you the Beta readouts diing this evest,

Thz AAMP modeling and tmn!ng in oor mu!am focuses on maintining the
alrpians ingide its Qight envelope regandiess of attitede, K is our betief thar the fidelity of
our simulators is reasonably good as long as wa remalt inside the envelope. We do not
acoept your statement that we are “manipelsting a sisulator into aa environment t.ha: Is
way beyond valid engiretring data”.

The simulator training perion of AAMP js proving 10 be invaluable, with 2 stesp
learaiag curve for a significant percentage of our pilots. They are feporting that the
simselator expesicacs is both challenging and rewarding. Gbviously, our emphasis is on
recogniion and basic recovery mancuvess, not fidelity of aircraft performance.

Angle of Arack Indicators

In tke process of m}izwing catstrophic events muﬁmng from upscis or unasual
aitudes we wender if, in canmain circamstances, IAS and ardtude ase providing sutficlenr

‘information to Uie pilot to &ffect & recovery or extract optimal acredyuamic performancs,

This situation i5, of ¢counve, compounded in the ease of Pitot and/for static blockage. The
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consequences of a corrupted CADC o a bighly automated “elentric” airplanc has gone
well beyond mere loss of airspeed and cansed numerous unaxpected alerts and system
failurcs. These ofizn amblguous indications can result in the crzw becorming task
sanurated. We are pursuing the installation of some sort of display thar will provide
situntlonal awareness relarive 1o the flight envelope ar all times.

I 2m pleassd 1o hear that progress Is being made in the study Of an intuitive di.ép]nv .
on the 737-800 sircraft. Working together with the superb flight deck engineering goup

at Beeing, I amn confident we c2n fird a solution providing this enfiunced situationsl
awireness. ' : . .

Jeshnoloey Aversion

, Let me say first that Amesican Aislises dees aot have an aversivn to rchnology. It
ig obvious that we have crmbraced many of &2 new echnclopies and incorperared them

inw our cockpite,

Auvtcraation garerdancy i the jssye we have highlighted in AAME. The

. discassion revolves around levela of autornaticn and techrolepy judgment; ic., what is the

appropriate level of aatomation for & particylar taxk? ‘Over the years, our industry has

- uawittingly developed & culture that drives s to attempt 1o operate a2 the bighest levels »f

autotnation at oll eires, It is our cpinien autornation lacks the ability to crea ficxiblc
responses io usaatiaipaied changes in flight path requiremea.

AAMP Training embodizs a culnwel changes in the way we vz the various levels of
nttornation available in cach of cur atvcrafl, Tt takes us back to the precept thar the: pilot
should always “fy toe afrplare first™, Jt's not siat zircrafh automation is bad or unschable,
it is jost that pver the years, we have come to over depend on antomation, which has

. obvious coasenuances.

I both the AAMP, and in Human Factors and Sadety Training, we are atieinpting

to re-establish a proper balance betwesn avtormation and the malntanance of our pilots

fiylng sidlls. Thbe guidascs is thatif immednte direct control Is required, thea tnanual

 control should be ayplied. If the airplanc lx departing its intended vertical or Lateral path in

a threat environment, thea the pilot should disconnect the autopilot and autothrotties o
fegain and umintain the inteaded fight path. AAMP s22ks to reassign the appropriate role
of aircraf) autuinaticn within the cockpit, recognizing that wltimately, it will be the Sumasn
being who iz held responsible for the safety of our passengers and our aireraft

Esctual Brors ,
We have complete accideat reports avaiiable through our corporate safty

department The AAMP trics to represeat each example corecily. However, the intent of
the AAMP is not to analyzs socicents In detadl, but 1o caprurs the essence of the evene.

PAGE 12
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There is not time nor is it appropriate to conducs detalled accident briefings during the
AAMP presantation. _

~ The purposs of MW is o provide the pilots A'wi.lh the knWMQc aud skills to
wcover from any of these upses events and to exwact maximem perfaemance f1om the

dirplane when required. We alsa think it important to emphasize the role of the pilor as
~ final srbiter, operator and éecison maker. A

In closing, your suggestions and recommiendations have been carcfully analyred,
Ultimmately, us you sre aware, we are cherged with the responiibility of the lives of our
passengers und crew in a real life, everyday environment, not cne which is techaically and

. optimally controlicd, as in a sirnulater or ucademia,

We thank: you for your input and time, {t Is preatly agy

Captath T—
Chicf Filot
and Vice President-Fiight
cc:.  Mr.R.W.Baker
Capt. L. R. Schumecher
Capt. P. W. Railsback
Capt. R. D. Miger

Capt. W. VanderBurgh




