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By Caprain Williom Wainwrigh
Chief Test Pilor
Airbus Indusirie

i i he idaa for a joint

industry working group to produce an Airplane
Upset Recovery Training Aid” was first
proposed by ATA in June 1996, {t was in
respornise lo increasing interest by the NTSB in
aircraft loss of controf accidents which, together
with Conirolled Flight inlo Terrain, cause a
large proportion of all accidents. They were
pufting a lot of pressure on the FAA o procuce
new regulations covering this subject.

The working group was a voluntary industry
initialive fo see what could be done within e
existing regulations to improve the situalion.

The joint industry team consisted of

¥ The Trapiug Afd frself wwag representalives of all sides of industry: &ircraft
tha hasis af the arilcle entitled manufacturers, airiines, governmenta!

“AERODYNAMIC PRINCIPLES authorities, and pilots’ unions. It was a good
OF LARGE AIRCRAFY UPSETS" example of how the entire indusiry, designers,
that appeared &3 a Speelal Bdirion users, and regulators can co-cperate on safaiy

af YAST b June 1998, issues that are common 1o everyone. It also
marked a “first” in showing that the “Big 3"
aircraft manufaciurers could and will work
logether on technical, non-commercial issuss.
More than 80 persons coming from all around
the world, but principally from the UJSA,
participated from time fo time.

The end result of two years work is a training
package including a video and a CO-ROM,
giving an airplane upset recovery training aid.
This package is on free issue to all cur
customers, o Use as thay wish. Mowever, all
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UPSEN M CECOVERY

A test pilot’s point of W47

members of the joint industry group agreed that
the package fs aimed at preventing loss of
control accidants on conventional aireraft. It is
not aimed at protacted Fly-by-Wire aircrafi.
There is no need for this lype of continuation
training on protected aircraft, although a
general knowledge of the principles involved is

usefuf for every piiot.

The cantent of the package is nol the subject
of this article, but there are a few issues of
general interest which | gained from my
experience as a member of the working group

which | would like to mention.

| THE BEGINNING

The issue of vpset training was not
new; major airlines arovnd the warld,
and in particular in the USA, had al-
ready produced Upset Recovery
Training Programmes, or were using
one preduced by another company,
Ameoengst the members of the group
were training pilots from American
Alrlines, Delta, and United who were
already running such training pro-
grammmes in their simulators. Since this
was essentially seen as a training issue.
Inidially the Flight Test Departments of
the three main manufacturers were not
‘avolved. Airbus was represented by
Larry Rocldiff, Crief Pilot at Airbus
Training Centre in Miami. Right from
*he beginning there was 4 conflict be-
“veen the technical advice given by the
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manufacturers’ raining pilots and that
expressed by those of ihe principal air-
lines already practising wpset caining.
They naturally considered themselves
10 be the experts on this subject, based
on the many hours of training that they
had already conducted on a large num-
ber of pilets in thelr simulators.

At the beginning of 1997, the Flight
Test Departments were asked to come
in to support their waining pilots. From
then on, the chief test pilots of the three
major manufacturers became members
of the working group. But the conflict
cver the different opinicns on aireraft
handling and recovery technigues con-
tinued for 2 long timie until we finally
achieved agreement at Uie last meeting
in January 1998. The reasons for these
differences of opinion are the subjeet of
this article.

. here is no need
for this type of
continuation training on
protected
fly-by-wire alrcraft



approachto the stall and
a full stalf, An approacht
to stall Iscontrolled
fllght. An\alrplana that is
stalled Is put of control
and mustibe vecovered.

CT <7 1@ 4 am

THE DIFFERENCES
OF OPINION

The differences of opinion were mainly
concentrated in the following areas:

® Procedures versus geners advice

® Basc of Taining versus failure cases
@ Stalling

® Use of rudder

® Use of simulators.

It is worth saying that there was
never dny difference of opimion be-
tween the three test pilots on the group.
Although we come from different back-
grounds and have worked in different
organisations with different work cul-
tures, we always agreed on our techni-
cal advice.
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The airlines wanted simplified proce-
dures which were cornmon to all air-
craft in their fleets and which were easy
to teach and easity reproducible. This 15
understandable because everyone is in-

terested in having a standard product at

the end of his training programme.
And this is whar they already had

“with the Airplane Upser Recovery

Training that they were already doing.

Por the training managers from
American Alrlines, Delea, and Unirted,
the only thing necessary was 1o give

an overall industry approval to thear
RN existing programmes; they al-

"w%\ready worked, because the

I, many pilots that had on-
. derpone training all
w, came out of it with
Sy the same stan-
ardised reactions
to the standard
upsets. For them, this was the
necessary proof that their
raining programme worked.

Where we differed was in our convic-
rion that there is no such thing as a
standard upset and our reluctance 1o en-
dorse simplified procedures for recov-
ery from an upset.

We wanted a general knowledge
based approach, as opposed to arule
based one. For this, after proposing
sOme iniual actions, we talk shout “ad-
ditional technigues which may be
tried”. This obviously is more diffi-
cult to teach.

Where we reached a compromise was
in the order of presenting the various
actions that might be considered to re-
cover the situation. For us, the order of
presentation is for guidance only; it rep-
resents a sericy of options that should

be considered and used 2s appropriate
o the simeation. It is not meant 1o repre-
sentTigid procedures that must be fol-
lowed in an exact sequence. However,
the arder csn be used in traiming scenar-
ios if a procedural approach is needed
for raining.

The eirline instructors also wanted
procedurss which would apply to all the
aircraft in their fleets. This meant that
they were against certain actions,
bzcause they were inapprepriate on
others. For example, the thrust effects
of underwing-mounted engines were
being igrored, whereas it has a signifi.
cant influence on recovery. Again, we
rzached a8 compromise by using the fol-
lowing words: “ if altitude permits,
flight tests have showa that an effective
method to get a nose-down pitch rate is
ta reduce the power on underwing-
mounted engines”.

EASE OF TRAINING
VERSUS

FAILURE CASES

The training that was already being
done, considered upsets as being due 10
momentary inattention, with a fully ser-
viceable aircraft, that was in trim when
it was upset. We wanted to consider
other cases that involve aireraft with
remporarily insufficient control author-
ity for easy recovery. This of course
complicates the situation, because re-
covering an aircraft which 15 in uim,
possessing full control avthority and
oormal control forces, is not the same
as recovering an aircraft with limited
contre] available or with unusual con-
wol forces.

Thus, for us, an aircraft that is
out-af-trimn, for whatever reason, should
bz re-wrimmed. Whereas the airline in-
structors were against the use of trim
because of concerns over the possibilicy
of a plot overtrirnming and of trim run-
aways which are particularly likely on
some older aircraft types which are still
in their fleets.

We spent 2 lot of time discussing the
use of elevator trim and we never
reached agreement. All the major US
arlines were adamant an their policy to
recover first using “primary controls”
which excluded any reference ro wim-
ming.

Again, & COMPIOmIse Was Necessary.
What we have dane is to talk about us-
ing trim if 2 sustained column force is
rzquired 1o obtain the desired response
whilst mentioning that care must be
used 10 aveid using too much tim.
And, the vse of trim is not menticned in
the simplified lists of actions ta be
taken.
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[ STALLING

Ancther aspect that was being
ignored in the existing training was the
stall. By this ] mean the difference be-
tween being fully stalled and the ap-
proach to the stall, In fraining, you

do an appioach to the

stall with a recovery

from stick sheker, which is often done by
applying full twust and maintaining ex-
isting pitch attdtude in order to recover
with minimum loss of height. Height can-
not be maintained if an aireraft is actually
stalled and should be of secondary impor-
wnce.

Even those pilots who do stalls on
airtests, as might be done after a heavy
maintenance check, only do them witk
geatle decelerations, and they recover im-
mediately without penetrating very far
beyend the stalling angle of amack. There
it a world of difference between being
just before, or even just at, the stall, and
going dynaraically well into it

When we started ovr discussions, the
training being given in the airlines to re-
cover from excessive nose-up pitch atti-
tudes emphasised rolling rapidly towards
90° of bank. This is fun to do, and it was
not surprising to find that moest of the in-
structors doing the training were
ex-fighter pilots wha had spent a lot of
time perfopning such manoguyres in an-
other lifs. The training was being
done in the ;ame way, with an aircraft
starting in tim with a lot of energy and
recovering while it still had some.
However, the technique being taught
onty works if the arcrafl is not stalled.

We start our briefing on recovery tech-
niques with the following cauton:

Recovery techniques assume that the
airplane is not stalled. If the airplane is
stalled, it is imperanve to first recover
from the stalled condition before initiat-
ing the upset recovery technigue,

Do pot cenfuse an approach 1o the stall
and a full stall. An approach to stall is
controlled flight. An airplane thatis
stalled is ont of contral and must be re-
cavered,

A stall is characterised by any, ora
combinatian of the following:

@ Buffering, which could be heavy at
ames

® Lack of pitch authority

® Lack of zoll control

® Inability ro arrest descent rate,

To recover from 2 skall, the angle of at-
tack must be reduced below the stalling
angle. Apply nose down pitch contro] and
maintain it undl stall recovery. Under
certain conditions with under-wing
meounted engines, it may be necessary to
reduce thrust to prevent the angle of
attack from continuing to increase.
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Remember, in an upset sit-
uation, if the airplane is
stalled, it is first necessary w
recover from the stall before
initiating upset recovery tech-
nigues.

This is something that we are
well aware of in testing, but it
was either being totally ignored
or misunderstood. I consider the
inclusion of this note to be one of
our most important contributions.

USE OF RUDDER

We also spent a lot of time dis-
cussing the use of rodder. The exise-
ing training courses all emphasised
using rudder for roll control at low
speeds. It is true that the rudder re-
mains effective down to very low
speeds, and fighter pilots are
accustomed tc using it

for “seissor”

: cva-

et sive ma-

i nocuvres when

.~ i{_.. flying not far from

the stall. But large airho-

ers, with all the inertias that they pos-

sess, are not like fighter aircraft. Based

om Gur experience as test pilors we are

very wary of using rudder close to the

stall, It is the best way 1o proveke a loss

of control if not used very carefully,
particolarly with flaps out.

We finally got the training managers
to apree to play down the use of rudder
in their existng courses. But we do not
say never use the rudder at Jow speed.
We say that, if necessary, the aileron
inputs can be assisted by coordinated
rudder in the direction of the desired
roll. However, we also caution that “ex-
cessive rudder can cause excessive
sideslip, which could lead to departure
from ¢ontrolled flight”.

But why did we have so much diffi-
culty in convincing the trainiog pilots
thal it is not 2 good idea to po kicking
the rudder around at low speed?

Thedr teply was always the same; bot
it works in the simulator! This leads me
on to my last point.

emember, in an upsce

situation, if the airplane
Is stalled, it is first
necessary to recover from
the stall before Initiating
upset recovery
technigles.

E xcessive rudder

can cause excessive
sldestip, which could lead
to departure from
controlled flight.




at the edges
of tha flight envelope.

The complete data package includes a
part thatis drawn from actual flight
es5ts, 8 part that uses wind tunne! data,

and the rest

- which 1s
L pure ex-
T ey trapolation.

<
We manufactarers wete very concerned
over the types of manoeuvres being
flown in simulators and the conclusions
that were being drawn from them.
Simulators, like any computer system,
are only as good 43 the data that soes
into them. That means the dara package
that is given to the simulator manafac-
toret, And we test pilots do not deliber-
ately lose control of our aircraft just to
get data for the simulater. And even
when that happens, one isclated inci-
dent does not provide much informa-
tion because of the very complicated
equations that govern dynamic manoeu-
vres involving non-linear aerodynamics
and inertia effects,

Tablet.

USE OF SIMULATORS

Tt shouid be obvi-
ous that firm conclusions
about aircraft behaviour can only be
drawn from the parts of the flight eave-
lope that are basad on hard data. This in
fact means being not far fram the centre
of the flight envelope; the part that is
used in normal service. It does not
cover the edges of the cuveliope. I
should also add that most of the data
actually collected in flight is from
quasi-static manoeuvres. Thas, dy-
namhic manceuyring is not very well
represented. In fact, 2 typical daea pack-
age has flight test dara for the areas de-
seribed in Table 1.

In other words, you have reasonable
cover up to quite high sideslips and
quite high angles of attack (AOA), bur
nctat the same time. Purthermore, the
matching between aircraf? stalling tests
and the simulator concentrates mainly
on the Jongitudinal axis. This means
that the simulator mode! {s able to cor-
rectly reproduce the stalling speeds and
the pitching behaviour, but fidelicy is
not ¢nsured for rolling ¢fficiency

S Sidesiip - Angle of attack
s All Engines bpéf@tin‘g - Aronnd neutral Between 0%and 22°

# One Bhgine Tngperntive

SLATS IN, LOWMACH

Between + 15° and “15° Betwéen 0° and 12°
Between +2° and -3

" Between 5° and 12°

OCT 17 ' 62

- C_ne E—néi.né Incperative:
SLATS IN, HIGH MACH
® All Bngives Opeadting

e Oac E;wi;iéjﬁc@mtivg

Arcund peuwal

Between +10° and -10°

Between +3° and -8°

Around reutral
Between +3° and -5°

Between +2° and -2°

Between 0° and 12°
Between 2° and 9°
Between 2° snd 8°

Between 0° gnd 5°
Berween 1° and 3°

Between 1° and 3°
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Table 2 P L
'S:'delsh'p" - " .Angleof attack
SLATS OUT ﬁomﬂ&“w IS“ , "}from -5° 10 25°
SLATSIN, LOWMACH meq.w%mxs" ' ';_-‘Brdm-?rrd 12¢
SLATS IN, HIGEMACH  Erom+° (08>, >« Fom 2° to §°

{(based on a simplificd medel of wind
wnnel data} or for possible asymmerTic
stalling of the wings. Also, the range
for one engine inoperative is much less
than the range for all engines operating
and linear interpolation is assumed be-
twzen low and high Mach numbers.
Wind tunnel date goes further, For ex-
ample, a typical data package would
cover the areas described ip table 2.

In fact, this is a perfectly adequate
coverage Lo conduet all noymal raining
needs. But it is insufficient 1o evaluare
recovery techniques from loss of con-
trol incidents, Whereas, the training
managers were ali in the habit of
demonstrating the handling charactenis-
tics beyond the stail; often telling their

bue [be messaae thzt I wou[d }lke

, .we_ly sessiofs: An
L1fe is 2 compyomiis

Ahd he testp
nSed T‘han&w‘h A
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CONC‘L USION

I: may seem thafthereztgh gulfbetwae‘

trainées that the rudder is far
more effective than aileron

and induces less drag and has ne
vices! In shart, they were devel-
oping handling techniques from
simulators that were outside their:
guarantsed domain,

Simulators can be used for upset
training, but the training shonld be con- .
fined to the norma) flight envelope. For
example, training should stop at the
stall warning. They are “ virtual™ air-
¢raft and they should not be used to de-
velop techniques at the edges of the
flight envelope. This is work for test pi-
lots and flight test enginters using their
knowledge gained from Night testing
the * real” aircraft.

T iy

o b ;;sﬁug.andmat of wiicing,

oncentrate everyone’s
attention on taking
action early enough to
prevent the occurrence of
loss of control,



