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--T he idea fora joint 
industry working group fo produce an Airplane 
Upset Recovery Training Aid' was f i rs 
proposed byATA in June 1996. ltwasin 
response to increasing interest by the N E B  in 
aiErafl loss Of COntrOl accidents which, together 
wiih ControNed Flight lnlo Terrain, cause a 
lar& proportion of all accidents. They wenere 
putting a lot of pmsure on the FAA to produce 
new regulations covering this subject 
The working group was a voluntary industry 
initiative to see what could be done within Hie 
existing regulahns to improve @e situation. 

The joint industry team consisfed of 
representatives of all sides of industry aircraft 
manufacturers. airlines, governmental 
authorities, andpilofs'unjons. If was a good 
example ofhow the entice indusfry, designers, 
users. and regulators can ce-operate on safety 
issues I h a  are common to everyone. ltalso 
marked a 'Frst" in showing thal the 's@ 3" 
aircraft manufacturem cou/d and will work 
logelher on technical, non-commercial issues. 
More than 80 persons coming from ail around 
the world. but pnmipa/ly from the USA, 
parficipatedfrom time fo time. 

package including a video anda CD-ROM, 
giving an airplane upset recovery training aid. 
Tbis package is on free issue to ail our 
customers, to use as they wish. However. all 

The end result of two years work  is a training 
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A test  pilot"s point of 

members of the joint industy group agreed that 
the packge is aimed at preventmg loss of 
contml accidents on conventional ai"?. ft is 
not aimetl at protected Fly-by-Wire aircraft 

There i!: no need for this type of continuation 
training on protected aircm?, alfhough a 
general knowledge of the principles involved is 
usefid for every pilot. 

The content of the package is not the subject 
of this article, but there are a few issues of 
general iriteresl which I gained from my 
experience as a member of the working group 
'which I vmuld hke to mention. 

The issue of upset  training was  not 
naw: major sirlines iround the warld, 
nnd i n  parlicular i n  the USA, had al- 
ready produced Upset Recovery 
Trnining Programmes. or wy21e using 
m e  produced by anorher compnoy.  
.Amongst Ihe members  of [he z roup  
'=eTc training pilois f rom American 
.Airliner, Delta. scd United who wcrc 
already running s'Jch t ra ining p ra -  
g r m e s  i n  heir simulators. Since chis 
'xas csrentially scm as a training issue. 
initially tht. Righr Tcsr D c p m m e n s  of 
:hc rhrcc main mvlufactorers were nor 
i3volred. Airbus was :epresenred by 
Latry RocZliff, Chief Pilot 3 )  Airbus 
Ra in ing  Cenve i n  M ~ a m i .  Right from 
:he beginning rhere was 3 conflict be- 
:'wen the 1,:chnicd advice given by the 
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lines already practising upset mining.  
They narurally considered themolvcs 
to be the expens on rhis rubjecr, basei 
on the many hours of training that they 
had already conducted on a l a g e  num 
ber of pilots in their simulators. 

At the beginning of 1997. the Fligbr 
Tesl Dcpaitmenli w e ~ c  ashcd to  com: 
in ta Suppox heir  mining  pilots. Fmm 
Ihm on, h e  chief 1-1 pilots of thc rhnc 
nisjor mmufacturcrs bccune membm 
of the working g o u p .  But  [he conflic! 
over the different opinions on uircr&f~ 
handling and recovery techniques COD. 
iinued for a lond time until we finally 
achieved agreemenr at the last meering 
in 1anu;lry 199s. The masons for d iese  
differences of opinion are the subecr of 
this arucle. 



T?e diffmnccs of dpinion % * e ~  ~ x n l y  
;:ncenntrd zn [he follownp, wx. 

Poredurr; v t x w  y:md ~ j v i c e  
b c  cf ?airing VBSLI itilure c s e i  

Use of ndder  
I're of s.mula!on. 
lr is  uo r rh  3 i ) i n g  thar :here uas  

n r r t r  nny Jifl:!en:c ofoF.n ion  be- 
ween i:c rkree tcst pilol; c c  ihc grou? 
Altkoufh we come fion di'icrmt h3rk- 
qrounds i n 3  t a w  wcrked an diffe:ent 
crganirarisnr wirh Siffner.r uwrk CUI-  
r n r ,  \IC S I W Y S  a g e e a  on our ucbni- 

T!IC airlines wanted rimphiled proce- 
durcs which wcre :ommOn Io all at1 
aift in thrk R e t s  and L ~ K >  n c 1  cnr: 
10 reach ?nd clsilv reprodu:iblc. This 17 

undcrsmibbl: h x d l l w  eve;)one is fl. 
.rerested in h n n y  3 w d u d  product st 

!he end of h s  Ua.ning pmermmc 
And this i $  whsr rhry already ha? 

For the [raining m3n iec r s  Ircm 

e i d )  worked. be:aure rh.: 
m i c )  pilx:  11131 had U T -  

A,. c-ame out oficwith 
the same sran- 
ardised rcacrions 
10 the s tandard 

upsets. For them. chis w3s the 
necessary proof that  their  

7) 

nainine Dromamme worked. -. I 
W ~ i c r e  we djffmcd \vas in our convic- 

!ion th31 [here is no such thinq as a 
mndard upset and our reluttanceio en- 
dorse simplified procedures fer KGCOY- 
ery from an upset. 

Wc wanted a peneral knowledge 
based approach, 3s opposed to a rule 
based one. For this, after proposing 
somc initial actions, we talk sbout "ad- 
di t ional  techniques which m a y  be 
tried". Th i s  obviously is more diffi- 
Cult 10 tC8Ch.  

Where we reached 3 compromise was 
in the order of presenting the various 
actions that might be considered la re 
cover the situar%m. For us, the order of 
pmentation is for guidance only: it rep. 
m e n i s  a scrics of options thar should 

be considered and used as appropriare 
w the siruation. I t  is not meant 10 repm 
sent rigid procedures that m u x  be fol- 
lcwed in an exact sequence However. 
the order cnn be used in m i n i n g  scens-  
io8 if a procedural approach is needed 
f r  mining. 

The airline insuuctors also wanted 
proccdwer which would apply 10 all tho 
aircrafr in  choir fleets. This meant that 
thty were against  certain acrions,  
bzcsuse they were inappropriate on 
o;hns. For example, [he thrust effects 
a i  underwing-mounted engines were 
k n g  igcored, whereas it bas a signifi. 
cant influence on recovery. Again. we 
reached a compromise by using rhc 101- 
lowing words: " i f  altirude permits. 
flight tats have shown &I an effective 
mcrhod to get 3 nose-down p izh  rate is 
10 reduce the  power on underwing- 
mounted en@&. 

The training that was already beins  
done. considered upsets &s being duo ro 
momentary inanention, with afully m. 
\,iceable ahcm.fr, that was in mm whcn 
it was upset. We wuanred to consider 
other cases that involve aircraft with 
mporar i ly  insufficient control aurhor- 
ity for easy rtcovery.  This of C O U ~ S C  
complicates fhc situarion, because re- 
:overing an aircraft which i s  in trim, 
possessing full control aulhority nnd 
normal c o n m l  forces, is not the r u n e  
as recovering an aircraft with l immd 
control available or with unusual con- 
trol forcer. 

Thus. for us. an  aircrafr rhat is 
oot-af-uim. for whatever reason. should 
bs re-crimmed. Whereas the airlint in. 
jtmctors were against the use of trim 
because Of concms over che posibilicy 
of a pilot o v a t r i m m i n g  and of aim mn. 
aways which m paticularly Likely on 
isme older aircraft rypes which are njll 
io their ne&. 

Wc spent a I01 of Lime discussing [he 
:se o i  elevaror trim and w e  never 
reached agreement. All the major US 
airliner were adamant on their policy w 
recover first using "primary controls" 
which excluded any reference to trim- 
rmng~ 

Again, a compromise was nczesrxy 
\ h a t  we have donc is IO talk about ,us- 
ing trim if a sustained column force is  
rtquired to obtain rhe desired lesponse 
whils t  mentioning tha t  c u e  must be 
used to avoid u s i n g  too much t r im.  
.And, I h P  use of trim is "01 meotimed in 
t he  simplified l ists  o f  actions to be 
a k a .  
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c "Em .I. a, Another aspect tha t  was being 
ignored in the existing training was the 
stall. By this I mean the difference be- 
tufcen beirig fully stalled and the ap- 
pro& to the stail. In craiNq. you 
do a n  appzoach 10 the 
stall with a recovery 
from srick shaker, which is oflen done by 
applying full rhrust and mintaining es- 
isting piwh arurude in aidcr to m o v e r  
wrh minimimi loss of height. Hcight cm- 
nor be maintained if an haail is sclUdh 
zlalled and should be of secondsly i m p o ~  
me. 

Even those pilots who do ntalls on 
ainests, 3s might be done after a heavy 
maintmanoc check, only do them with 
gentle dccelmtions, and theyremver h- 
mediately wilhout pcnetrating very far 
beyond the !;tal& angle of argdi. There 
is a world of difference between being 
just bcforc, or cven just ac, the stall, and 
going dynar&ally well mw iL 

When we stmed our discussions. the 
haining bcing given in the airlines to IC- 
COYCI from cxcesslve nose-up pitch ae- 
bide emph:rsised rolling npidy toward5 
90" of bank. This is fun w do, and it um 
not s q i i j n g  10 find Ih3r most of the in- 
S I I U C ~ O ~ S  doing l h r  training were 
en-fighter pilots who had spent a lot of 
rime performing such manocuwa in M- 

other lifa. The training was being 
done in rhc imc wny, with an aircraft 
 ranine in oim with a lm of energy and 
recovcrine while it still had some, 
However. [lie technique being laugh1 
onlywcdSf;feducraAisnotrh!lcd. 

Wc SUR our brief@ on recovery tech- 
niques with the following cwudon: 

Rccovor] techniques assume that the 
airplane is not stalled. If the airplane I s  
stalled, it i!; impmauve to first recover 
fmm the stallod condinon bcfore initiat- 
ing the upsct rccowy technique. 

Do not " b e  an approach 10 the srall 
and a full rtall.  An approach LO stall is 
controlled flight. An airplane that i s  
stdlcd in out of control and must be re- 
covered. 

A stall i i  charactcrised by m y ,  or a 
combination of the follmwing: 

Buffeting, which could be heavy at 
6% 

b c k  of Filch WIhonI)' 
L%k of m U  eonuol 
lnnbilirym arestdesmtratc. 
To re~ov ia  from a std, h c  angle of at. 

iack must be reduced bclow the stdlinp 
an& App:r nose dmvn pitch conuol and 
maintain i t  until stall rccovery. Under 
certain conditions with undcr-wing 
mounrcd enkjnes. i t  nisy be neccsrary to 
reduce thrust to prevent the anglc of 
ma& from conunuing to inmare.  
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Rcmmber. in m upset sit- 
uation. if the airplane is 
stallcd. it is first necessary to 
recover from the ~1311 before 
initialing upsct recovery iech- 

This is somehing that we are 
well aware of in  testing, but i t  
wva~ either being totally ignored 
or misunderstood. I consider the 
inclusion of this note to be one of 
OUT most impatant conmbutim. 

niqucs. 

W e  also speni  a lot of t imc dis- 
cussing the use of rudder. The uist- 
ing training courses all emphssised 
using rudder for  roll control at  l o w  
 speeds^ It is lrue that the rudder re- 
mains effective down to very l o w  
speeds, snd fighter pilots a r e  

fo r  '"scissor" 

c v a -  
s ive ma- 

nocuvres when 
. .  : . .. . flying not far from 

the stall. But large airlin- 
ers, with sll the inefias that they pos- 
sess. are not like fighrer airuaft. Eased 
on our cxpetience 95 test pilots we are 
v a y  wary 5f using rudder close to the 
stall. It is the b a t  way to provoke a loss 
of control if not used very carefully. 
panicuLvy with flaps out. 

We finally sot the naiiiing managcis 
to agree 10 play down rhe use of i d d e r  
in their existing courses. But wc do not 
say never use the rudder at low speed. 
W e  say that, i f  necessary, the aileron 
inputs can be aisistcd by coordinated 
rudder in the direction of thc desired 
roll. However, we also caudon Ihnt "ex- 
cessive rudder can cause excessive 
sideslip, which could l e d  to departure 
from controlled flighf'. 

Bur why did wc hive so much diifi- 
culty in convincing [he training pilo3 
that i t  is not a good idea io go kickin.. 
he rudder around ai low speed? 
Thdr reply w u  always the same: bn 

it  wmks in chc simulator! This leads me 
on to my last point. 

.- . . ,.. 



The complete data package indudcs a 
part that is drawn f rom actual f l i zh r  
!esIs, 5 pm that wes tiind tunnd dam 

a n d  !he rcs! 
. whzch is 

pure cx. 
rrapolarion. "==-..-.. *-, 

It should be obvi. 
l' ous !hat firm conclusions 

about aircrsft behavioui can only be 
drawn from the pans of tk fight enye- 
lope that are b s e d  on hard dara. This io 
k t  m m s  being not far f" the cmm 
of !he fl irht  MVC!ODC: the Dart that is 

~ ~~ ~~ L .  ' 
: ired i n  normal service. I t  does not  
cover the edges of the cuvclope. I 
should also add that most of rhe datn ,- 

~ ~ ~ 

We manufacmrers . ;ke,vey concerned 
over the types of manoeuvres being 

actually collected in fl ight is from 
quasi-static manoeuvres. Thus. dv. 

flown in s&ularars and the  conclusion^ 
that  WCIC bcing drawn from them. 
Simulators. likc any computer system. 
are only as good as thc dala lhai goes 
into than  l h t  meam the dam p a c b g e  
that is givcn to the simulator msnufac- 
him. And w e  Lest pilots do not deliber- 
a tdy  lose control of our aircraft just to 
p r  data for  the simulator. And even 
when that haouens, OUC isolated inci- 

namic manoeuvring is nor very wi l l  
represented. In fan. a rypica! data pack- 
iqe h3s flight est data for the areas de- 
suibed in Tsblc l .  
In orher wards. )"I have reasonable 

:Over up to quire high sideslips and 
quite high angles of 3rrack (AOA), bul 
not at the same time Furhermore. the 
matching between aircrafl stalling wsu 
and the simulator concen t "  mainlv 

~~~~ 

dcni does ooi provide much informs- 
tion because oPthc "cry complicated 
equations mat govem dynamic m o c u -  
wes involving non-linear aerodynamics 
and inertia effects. 

on the longitudinal axis .  This meals 
rhzt rhc simularor model is able m cor- 
:KUY reproduce the sidling rpeeds and 
!he pitching behwiour. bur fideliry is 
not  ensured for roll ing efficiency 

Table, f 
Sideslip Angle of Jrtack 

.VATS DLT 
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(based on B rimplified model of wind 
runnel data) or fc.rpossible asymmemc 
stalling of the wings. Also, the range 
for one mgine inoperative is much less 
than the range for all engines operating 
and linear inrcrpolauon is assumed be- 
rween low and high Mach numbers. 
Wind tunnel data goes further. For ex- 
ample, a typical data package would 
cover the areas described in table 2. 

In facr, this is B perfectly adequsre 
coverage la condum all noma1 uaining 
nteds. §ut it is insufficimf 10 evalusre 
recovery rechniques from loss of con- 
tro1 incidents. Whereas, the training 
managers were n i l  i n  the habit  of 
drmonmating the hmdlin: chu3cteris- 
tics beyond the s ~ d l l :  onen telling [heir 

trainees that lhe rudder is f e r  
more effective than aileron 
and induces less drag and ha! no 
vices! In shon, hey were devel- 
oping handling techniques from 
simulators that were outside their 
guarantccddomsin. 

Simulators can bc used for  u p i r t  
uaining, butthe training shonld becon- 
fined to the normal flisht envelope. For 
example,  training should stop PI the 
stall warning. They are '' virtual'air- 
craft md they should not be used la dc- 
velop techniques SI rhe edges of the 
flight envelope. This is work for usrpi-  
lots and flight test engineers using their 
knowledge gained from flight testing 
the '*red" aircr3ft. - 9 


