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. A i r a a f r  incidenrs and acedexs inwhine m e m e s  of amrud: and speed arc aG!e 
rare nowadayr than& to the great& improvcd srabiliy and control charaaerizdcs 
of modem jer uansporn compared wirh rbcir predecessors. 

-4s a d e .  contemporary aerooiancs do UOK nrfier rhe SCabiliIy and “rOl 
degsadxion at iu@ speed ana Mach number invoived in be serious and numerous 
;=I s p e r ’  intidenu affecnng e x &  je: siriiners. 

However. rhere remain a nu,mber oi porearia) faaon rhar could cause ammde and 
speed erarsions. ’Ihae might become ememe if not quICk!y correffed beau.sc 
of rhe nigh momennm and low drag characterinics of modern ai7heX-S. 

Some of rhe potenrial threats include scvcrc nrbukncc smng naadKig 
arcitude indicauon failure. sm~crural or conuol failure. and inadvertent reverse 
rhrusr in ni&ht 

Whatever the cause. rhe aim snouid be KO correcriv iden* the siuarion and appiy 
the appropriate recovey recimique &ore rhe excunion develops IO ihe p0ht 
where the suuCruTal inregny of &e air- is rhrearcneo. 

.. 

’ 

appears IO have occn &e u s e  in rhe recent 767 amdent 

76 



.Most of tbc problem involved in unusual or erzeme mimde jirJaUOm are  relared 
IO rhc assodared e n x s e s  of speed or Macn Yo. ir is rcassunog 70 know bar rbe 
747 is M e a e d  by jerious srabllip or conrol dcgraaauon at e:rher exreme, and 
exhibits exnemeiy good cualincs borh 31 hIgb spcea h3 Mach. a d  31 low spccds 
n@t down to rhe stall. 

&&& 

Lateral and direcuonai srabiliry remain good rhroughou: and oresenr no difridues 

The 747 remains laterally level in h e  srall in any coniipxarion S p u d  nabiliq is 
very pwirive ar low speed and altitude. d i ” e s  slighriy as rbese increase bur 
remains positive in rbc mise. 

LonqirUdinal smnc r ibi l i?  is g e n e d y  good rhrougi~our wirh stick f o r a  becom 76 
ligh~ at aft cg, However, rhtre are RVO arty oi somewhat dhnishcd lon@mdinal 
srabiliry, borh partimiarly relaxed IO the a f ~  t.g case. 

The *I of these o c a n  at hi& Macn So. at sit c.g- =hen i o n g i r d i d  srabiiiq 
beccsles rcugbly s e x i i  T‘x ~c~ ivii! 2y >ewe== zboc: 2.3: 9.90 TFLC 
IUad No. wirh vvruaiiv no stick force -madicnr againsr speed. 

This porenual problem area aiminisaes in ngn15cance when one considers the 
exceilenr qualines of the 747 31 0.97 M Y  ujwarar. D e r c  is a nose-up pitch 
e a u i d e n r  to an approximare 101b. mil on de conuol column 2r abour 0.94 ThlY. 
. vhc i~  gvcs a tenaeip rowam ztrirai orerspcei .-ecown.. 

Stabilirl; a; 0.97 TMN is Donrive. ana contraiiabiii? IS ?ieziniul so overspeed 
recoverl, presenrs no serious proolems. 

The second area of d e b e d  longmaml srajlliry is in rhe approach to the flaps- 
up srall. Her: the aircr;Lir wodd ;end IO deceierare from about 1-1 vs to the S d  
wrh- zero suck force if ir were nor ror rhe operauon or the suck nudger. The 
gentle push applied by this device throughour &e siidc shake r e m e  resores an 
adequate ievel of srabiliry down IO the stail. Tlriere is no nose-down pirch a: the 
srali wirh flaps up. .. 
Conrroliabilicy 

Pitch and roll control are sood rhrcughour. with pienry of aurhorir)l ri& down to 
the srail ana up 10 Uj k5 EL5 and 0.37 D f X .  Boeinc nave flown be a i r d  10 
0.99 TMii withour encounrere cifficuirt.. 



. .  Roil response to rudder au"h es i r  I@ Mach So. b e c c m q  X : O  a! abou: 0.97 
nilv wirb speedbrakes exiended. (.% rhe a u c r z ~  yaws. me o m r  w ~ n g  is 
acce!erared deeper into compressiollty). 

This does not present a problem as recovery from hi& bank angk does nor 
tnVolve rhe use 01 rudder :o  ass^ roll rare. 

L~J summar).. the generally excellenr siablli? and conrro! charanenstic, of the 747 
allow rhe use of reiarively smighuorward ana narurzl recbniques'for recuvery from 
umemes of arurude and speed 

8uEfet Boundaries 

For infonnauon here are some examples of approxmau g levels at wbich hi&- 
speed buffer onset occm. 

-236 a/c, 300,000 kg ) FU30 : 1.43g 
0.90 True Mach No. ) R260 : 1.98g 

In praaice these boundaries are consemuvely drawn and ir is possible t o  a.ppIy 
c.-.eT - 
.LY 

found bar on an acral? ar 285.000 kg 0.90 TlvN ar R380. 225% could be 
7 6  5 Leiare buffer becomes noriceable IO tbe crew. During fight tms it was 

:pFEed .*-i-: uaur noiic2;lo;s 0e-e: 

75ereior: sufEcienr s;anoeuiTe csjaoiii? ssisu f s r  r e c c v q   om overspeed 
condirions. 

To cxnpie:e :3e pimre. here are a c9i;pie nf ex~rr?~:s ai low-s>,eed be-e: 
jounaanes: 

-1'6. 300.000 kg. G 3 0  '2' Bufftt O a e t  L U  
i.0 222 kI 3pprox 
0 3  I20 kr approx 

This show that care nust be taken wnen increving !he !oad faaor following 
recovery *om low speed siruadons. 

-, 
RECOVERY TECHMObjE$ 

Because of the hi& momenrum hit$ thrusr =a low dras of rhe 747, rhe potenrial 
for an extreme ovenpecd is hi@ in rhe  even^ oi an apser Additionally rhe uring 
has iairfv poor lift capabilines ai low specas wiin 22us xu. so the peneuanon of 
the W to anv depth could invoive gresr loss oi he ie j r  Our remvery techaiallu 
wil l  
auirame. 

ar nrr&&ng exposure IO these areas uirbour applying undue s u a  10 rhe 



The ainzaii a be spser 111 w o  basic mods,. arc-& and  spee0. Thcse ca3 
.accx ID c o m o b x i o n  md u s u 2 l y  co. 

In generai. recove? from unusual a x h d e s  ana s?:e& requL-s  Syag Ll~e 2irCrai: 
OUI in a smoorh ana co-ordinarea manner ulng 3 l o g d  comLma$on of roll 
conuol. pnci~ conrroi speed brues ana i r a r  levers as appropnaie. Rudder 
should not be used . we have already seen roll rcsponse co mdder may 
dirmnish to zero. and rudder inputs ar high speed could cause s m &  problems 

Ah&oug,b recovery amon should nor be delayed unduky, it is hporzm1 to confirm 
correa idenuKcation of rht siruauon EKL Panicuiviy anitude and speed 
hdicanons should be cross-checked for vaiidip. 

Low speeds 

z Moderate excursions. down 10 suck s h k  

Pitch down genrfv and simu!ianeousiy appiy G/A or max conrimous rhrun 
as appropxhe. If the suck shaker operares appiy rhe recovery a e o n  
described in the FISG (01-07-01). This involves pitching down 8-1(P to au 
arIimde of approx. +P, dmullaneously appl-ving G/A rh;usi if below 14ooofr 
cr  rnax. anMuous  if above. >A the y e e c !  hucasec recover the Ievel flighr 
Take w e  not to re-encounrer conunuous stick shake z lnddence increw. 

b e n e  excursions. down IO rhe iull stall 

A generous pircb-down mpur should be appiied and held ud rhe ainpced 
s t w  to increase rapidlv. Simulrancousiv appiy the appropnate “I 
rhnrsr ru heieirr - loss. .A s1d.l ax high weight ana airimde requucs 
a SICZD recovey ariwde io c j e a  XI rhe ziniow. approx 10‘ nose down 
should be eEecive. Recov:: 5cz Lie e ~ i i ; ; . ~  dive geniy. Jroiding 
seconaap $;ails. 
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b. 

Hi?$ speeds 

L ,Mcderare excursions. up IO about 420 krs kWM0.93 

Cosc thm: !even (bear in n ind  anti.icing conrideanom) 2nd mend speed 
brakes. If acceieraring in a a e s c e x  pitch up gently, if hi@ Mach buffer is 
encountered don’t pull beyon: i s  thresi~oid. Tbere WLU also be buffet f” 
the spceabraxes. Reusrs h e  ienprauon :n use srabiliser trim. sn& form 
should no1 be excessive. 

1 



b. Exxucme excxsioIli 26ove 42OKLa/MO.9j 

Tbk situarion wil usuaiiy De coupied w h  3 s te t?  nose-aosx ardrxic. The 
recovery rechillquc s for moderaic CXCJK~OZIS. Tne nose-up pir& 
rendency of the airuaf~ a1 abour 0.94 m. combined with the nose up 
pircii Unrh spe:abrace will ~SSISI recove?. The 2mom1 of up elevator 
applied shouid be related IO the enenr of i h e  excursion and me of speed 
rise. ?here is a p a t e r  likelihood of encounrering high hfach b&e: again 
don't pull inro it. 

S t e p  Nose-up Pit& Anitudes 

a Up to abour +Xf 

Pitch down smoothiy. avoid going beiow zero g d e s s  essenriai 
Simuiraneousiy appiy rhc appropnare ";TI rhnrst to minimix the speed 
decay. 

From +3(P up IO about +5(P 
Pitch down und j u s  vlro the nesanve g area simulraneously appiyng 
madmum t b r ~ . ~ ~  . w e e d  may reach very low levels ar the mp of tbe 
manoew~r. Conhue pitching d w a  und rhe amrude reaches lo" ness 
cicjwn. rhen graddually relax rhe Iorwara pressure on rhe conuoi coiumn 
when ievel fligihr is regained. back pressure vilil need 10 be held und the 
Sr+:z? ?z ks .>=giiz ..%tie. 

b. 

. .  . 

C. Above + j V  

n e r e  would be a very :eal danger of , n " g  our of elevaror conuol if &e 
previousiv described techaue was anemprea in rhis siruanon 'Therefore 
~ o l l  on d0-9Cf or b u i c  ma ailow t i e  x s e  :c f211 Arougb =e homo= Tzen 
roll rhc wing ievei ana pirc; z? sn.oorniv as ;he vspeea increases IO 
regain fevei Zignr 

steep iVose-ihvn Pitch Atrituaes 

a tip 10 abour -20" 

Pitch up. artenur ro avoid 3ppiying more :km 3Dour a ig incremem if 
n e c e w  close'rhrusr ieven app e n e m  &e speed brakes :o prevenr a speed 
uan-sion If one occurs appiy the recnniaut ziresdv aiswsed. 

b. Beyond -20" 

Here verl, high speeds wi i l  inevlrablv De involved. quick ana decisive 
recovery action is called for. Prompriy esrtna :he speedbrakes apply back 
pressure to the control coiumn and close fie :n~s~ ievers. Condue to 
appiy back pressure unul jus; imide the nish Vacn Suffer ?--;on or undi a 
lg increment has been appiied. whichever comes e~r i ie r .  and hold ir there. 
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Large Bank Angles 

In isolation. large bank angles presenr ao problem Simply level the wines using 
roll controi done. However ar large bank d e s  &e nose uill drop intotbe 
and ulnmatcly a pirch and speed excursion will develop. Arry aKCmpt 10 pitch up 
in this simtion wrll merely righren ine spud The air& mLlsr be recovered 
laterally before loqimdinal recove? is anempred. Therefore. roll the wings level 
rhea deal with any pitch or speed excursion as previously described 

For m-mpleteness. the full range of possible scenarios has been discussed 
However. ir is considered rhar some are very unhkeh, IO be mer for exampic 
exmeme nose-up pirch ammdes and iull-srall encounurs. Exueme nose down pit& 
animdes arc much more iijrely 10 be eacounrered in asoaadon with high bank 
angles ban in isolanon 
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ATTITT'DE rmIc.Anoy 
fhc recover! rechrriaues desmbed assume 4 i d  arrinrcc indicarion hughour  
However. rhe pos~ibiiirl, oi amrude inaicaror hilure m*sr be considered. Before 
taking anv :ecovery aceor. 5orh . G I s  :nc :.le s:ma&* arcmce izdicaror sbouid be 
cioss-checked (nor iorgerricg ihe wsczi honzoni. borb TO Dosiriveiy iden@ rhe 
current ardmde a d  IO asccnain b e  *!aIidirl, oi  the lnsmtmenr :o be used for 
recovery. In som: c:rcmtanc:s hma-ow of conrroi l a y  be nectssary. 

The insrallarion on rhe 7.1; shouid never ieave t i c  crew torally Wirbour valid 
amrude mformano~ no mamr how enreme ine ammo:. 

The ADI'j (mp~iiecl bom aeir  assonarea IYS p iaaomr  have full freedom in roil 
and pitch. 

The Standby aruruae indica;or ha iul! freedom in roll and "conrrolled p r e d o n '  
h pitch. (T'e instmmenr is designen IO do a 1So" '[WltLie' a i  pitch ariitudcs of * 
and - 85" IO preserve orientation. However. because of b e  angle of &e panel in 
which it is mounted on h e  717. ~ k i s  occurs -LO!'ana -ao). 

0 
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Tne a c 4 e n :  sxabiliy and control chuaciensucs of rhe 747 rhrougbour and beyond 
the normai operaune ranee make exrreme ataluae ana speed encouniers uni2elv. 
If such an encounter shoiid ocmr these same cnarafferisucs should lead to 
rcfariveiv snzightfonvard :ecovcry. 

The recovery techniques described in derail above may be summarred as f o ~ ~ w s :  

I. Fksr confirm idenr5carion of the siruarion by crw-checlang flight 
insnumenu parU.liariy all three ammde indicarors. Ensure a v a  
i p " c n r  is being used for the recovey. 

Disengage AP and AT if approyriare. 

Deal uirh anv roll excursion rirsi using roll conTo1 done. 

When rhc wing are subsranmy level. any pitch or sped e x d o n  can be 
d e d i  wirh using tbe appropriare combinadon oi pix& h i  leven and 

Uhez pirchins h e  airclair down w ta avota si@ca;lt negauve 'g' 
appllcation 

When pitching up. uy to avoid more than !g incremenr, ana don't puU too 
f=- L--:t :'e yac; B..''.. V L - . .  

Wben the aircrair is jaieiv unaer control in sraole Q h r  there may be many 
consequenr consiaeranons to be addressed. In D&cular terrain clearance 
shouid be qui?li:i cscbiisiec :no .A I c .;sisar, resxaed io y x d  agamsr 
soilision rJic 

If :he speeds or load fanors e .Ttr iexec I:. :x manoeuvre were v e ~  hi& 
?he a~rt-Yne or conuois may nave See3 Weavenea or d q e L  This should 
be considered in rhe subsequent handling ana soecd conuoi of &e a i r d  
A lan&g at :he nexesr suitable a i F o n  nignt  be oruacnr 

2. 

3. 

4. 

speed brake. 76 
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(d)  Eaccssivc roll = no( more than 60" bank 

A gros UPSKI will then be uoything beyond these l imi ts .  

Recovery from modarate upsets 
T t i ~ n  is not dificult - it is just a question of rcmgnising the condition nnd 
flying ihe ncrophne smoothly out of it. No inslrumcnru will bavc Lopplcd 
and UIC aeroplane W I I  1101 be going fast rnougb l o  ilivolvc ony really cigni. 
hwnt rcduclioii in conlrollability. 

I f  you get down lo the siall warnhg or stick shake. oppiy dowo elevator IO 
rcilucc incidcnu: ilild morr illrust ( i fa t  low thrust aetuug) to rcducc the height 
loss, 7 l i c n  fly ii required Biglit paUi which u the b e s l  compntible with omlerat -  
iug tlic t l c r o i h n e  back lo  n o m 1  flying specd and keeping the height loss to a 
minimum. I[ iu  doubt. and in n position where you can aBord s height loss, 
trade lieiglir lor s[)red and gel beck lo a proper Uying speed as quickly us 
possiblc. Uuil'~ iclan w t i l  tlic sink rate hos bcen urrertcd and the aeroplane 
is rlroigbl end lwei ugain. 
Il you p i  too h a t .  fly your recovery owording to the nmount by which 

you nrc too fast and the rate ut wbicb you arc amkraling. Reduce thrusc 
and operate thc speed brnkes iT nmssary. I f  you are accelerating fact down 
hil l  then pull t l i c  norc up. reducc thrust to idlc and opuulc the  a p e 4  brakes. 
Uc prepared lor [tic buKct with s p a d  braku  and the buffet with 'g' i f a i  hlgh 
Mach number. Don't use the longitudinal Lrim u n l e s  stick f o m  b m c  
very higb and i l i en  only i n  a short burst. bccouse ncarly oU veriable incidenec 
tnllplanes are re ly eflu?ivc at high speed and couscquenUy induce a b r g e  '8' 
increment, 

If you gel too much nose up, push gently to reduce attitudo. Don't come 
below zero 'g' uiilcss i t  is esmtial .  Apply up to lull thrust IO maintain spccd 
over Ihc lop. 

I f  you gel loo mudl nose down, pull up to recover to level Right. Dm't 
pull inore than Ig increment estimated unless i t  is essential. if at high s p u d  
reducc illrust to kccp ihc speed down. I f  nt high Mach number don't pull 
niuch hcyond t l ic  bulTct ~lirerhold. 

I C  you urc a t  a large bank angle remember that thc nose will bc falling down 
into the turn  Don't try IO screw the aeroplane out of IUS position i m m e  
diairly by usisling ailcrons with rudder because eimeaiva aidealip will ba 
induced and [ l i e  rccovety in roll migbt bc I! lot quickcr than you bargained 
for. I t  is bcltcr to fly the aeroplane out on ailcrons alone in a gentle diving 
t u r n  

Don't delay lbe 
recovcry; but ~ O I I ' I  rush it citlier. Just get ai it  in a smooth nod ceordinnted 
fashion kcqr ink ii strict check on yow progres in nriitude, s p u d  and heighr. 
Don't n l a x  i i i i t i l  the eeroplane is properly buck uoder control and uimmrd- 
out straight and k v e l  again, 
242 

A number of tliesc upsets can oocur in combination. 

Recovery from grow upsets 

By definition oow hcsc arc  sped excursions down to the slaU and up to VDP 
or MDP, pitch attitudes uoecding 30" nose up and 20' nore dowo nnd roll 

Lct us u k t  this in two part$; one, where the primary attitude references 
arc ctill working and, two, where, dicy bave toppled. Bcfore we go into tbii 
rothcr huiry field we should remind ourselves of h e  following pnssibilitie3:- 
(a) Reduced rolling ability duc to ailcron eRecl reducing with Maell 

nunibcr. possibly vcry high stick forccs at high cp&s and virtual loss of 
rolling ability due to spoilcr blow back on some typcr. 

(b) Reversed rudder dlcct at vcry bigb Much numbers compounding the 
dif6cultico in mll. 

(c) Reduced control in pitch due to elovalor eRwt reducing with Mach 
number, very hi& slick lorws 111 very high S P C C ~ S ,  limited elevator 
capability due to jack-sralling nt very high stick forah the cxtrcmc 
sensitivity of (nilplanu a t  bigh speeds und (he fucl that come slabilirer 
drives stall in the Caw of very high click forces. 

(d) Reduced manocuvrability at  high wcightr and higb altitudes and the 
cxrtuinty of high buffet in poritivc 'g' mnnoeuvres at high Mach number. 

(e) The cfiecls of fnihm or loss ol yaw duinpcn and Much trimmers. 

Before chc budding jet pilot dekdcdto  stick to pislon-cngiaed aircroft he 
should remember Lhal each jet transport bra only a few of these possible 
deficicncics, and fudhemore, lhnt you don't gc! into upsets if you By properly I 

Cross upsets, p d m u y  onifude lndlcators SUI readlog This is a bit Like 
recovery from moderate upscls, only more so. I f a  modern jet lransporl gels 
grossly upset, bccllusc of its high momentum ond low drag, it will quickly 
much an  extreme attitudc and speed from which movcry  will need a vast 
nmount of bciBh1 and will bc made more dificull by a ccnain reduction in 
controllability and munocuvrsbility. Some of the milder jet upsctr 10 date 
come within thin category and b v c  involved a dcsccol at c x t r "  attitudes 
and very high spccda. Allhough l b r c  ir little evidcoce of pun slallinp, or 
wild excursions s w p l y  upwards, we should covcr aU of chc following 6vc 
CaMJ :- 

a&$ C X d O g  60'. 

(a) Recovery fiom ihc { I /  ~ i d l  is clmilar lo  recovery from stall warning 
except ;hut full down elevator should be applicd and held until a rapidly 
increasing einpead is m. At the same time apply full thNst 10 keep 
(he height loss to a minimum, In the recovery from the dive takc care 
you do not again increase incidena to mother alick shake. 
scroplane stalled at higb altitude needs a good sleep ncovcry attitude 
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i i i i l i a l l y  in ordcr IO gct the airflow clcaned up and flowing in the riglit 
dirccliori. Too edrly an aitcinpt to recobrr from the dive w i l l  si ircly 
bririg i l ic  aeroplane close l o  the stall agaiii. 

(I)) hi rxcursiorl fo o w r y  h i g h  specdis usually combined with u stwpish nose 
down sriitiide. III icrms or speed alone the recovery oaioii is. i o  quick 
ordcr; rcducc lo  idle thrust (not, l iowcw. in (L sleep derccnt on il type 
witli reducing dcvaior cllict) aud cxicod lull 6rlccd brakc, then pull 
I I ic  nose I I O  10 i nc lew the rete of sprcd reduction. 'Ihcre wi l l  be 
b u l k l  [ronl I l ic brakes and [rum tl lc '6' ir UI hi,$ Mach iiuinbur. 

Up to uhout 5O'nosc up 
( i f  you Iiiivc tirclvcd ousitivcly iliat you arc  ill this nnglc) pi~sli just inio 
llic iicgati\,c 'g' H I C ~ .  ilppty full tlirusi nnd IIIC recwcry  should bc good. 
l t~u i lg l i  iinlilei&" Ikincnibcr that i f  yuu Iiavc. done h i s  you might bz 
\.cry dwv o w  11 i t  top; kcrp ilic r w r e r y  &oing lo about Io' nose down 
l l ~ c ~ i  gc i i l l y  C:IX r f i i l i c  push ( a ~ c  us the speed huililu up. I k e c i ~ i i r r  01 l l iz  
ellccl 01 m t i c  slahil i ly the aeroplane w i l l  be seeking a return 10 Ihc 
origii ial tr iol  sped wllicli meum Ihat ut any lowcr speed i t  wi l l  want IO 

go nose down. Having rcturnd lo lcvc l  fligbt at a lowcr speed you w i l l  
Ilicrrlorc I i a ~ * e  to hold a dewensing pull force until you regain your 
originul wxd. Having contracted. CIS i t  were, to talk thin subjst 0111 we 
inust cover lhc cxtrenie nose up EUSC with a rnpidly falling einpced. 
I/J,OU how posirive proof that you are in eucess of Ne no6c up you might 
s t o l l  or run out of elevator cKud during thc push over; 60 roll the aero- 
plane 10 near 90" of bunk (while you s i i l l  have the rpeed to do so) ond 
ullow tlic nose l o  fall. Recover 6mooWy 8s the airspeed builds up again. 

(d) Rccorery/rom u very higbJpeeddhe must he madequickly and wilb some 
deleraination. I'ull full speed brake and then pull inlo the b u k t  a 
l i l t l c  way if a t  high Mach nuo~bcr or en csumarccl Ig increment if ot high 
speed. Wheo you arr ive at  tbc position where the spccd slops incrcnsing 
you've go1 i t  made. Just bang on and i t  will come around nicely. Fare 
oNthe pull force as the acropboc returns l o  level  Aight. Now remember 
this: i f  you werc upset from a. ray. rrtnrmed 260 knot8 cruise at, say. 
3S.000 f1. and you Gurh up a i  390 knots at 22,oOO ft. cbe loogitudinal 
slability will have cxericd i t s e l f  and the aeroplane will ha wekiog Lo 
return to 264 knots; this meaos that it will WMI to pitch fairly hard 
nose up. So. if  you want IO maintain 22,ooO A. for a while, you are going 
lo have lo push quite hard. Don't uiim this push fora out -just wait 
for ilic speed lo dccay. If you rhould sullcr a reduccd elevator effect 
at very bigh speed or Mach oumbcr lhcrc i s  not a lo1 you a n  do uboul it 
cxccpt to lung on tighl. As the Macb oumbcr fells with reducing 
ollitude the elcvalor cllcctivcocss wil l rctum and recovery will be made 
progrcssivcly. IC the aeroplane should be f o r d  to a steep divc oogle 

t- 

(c) A w r y  > rwp I IOSC uparfifutlc i s  forlunaiely w e .  

i 

2J4 

so as to achieve a hi& apccd very quickly, do not reduce the powcron 
those low-llirust-linc-cngincd lypcr known 10 be short olelevalor dkctivc- 
ness in the movcry; thc noso down trim change with reduced lhrusl 
cannol be afiodcd. It is better IO lcavc cruise power scl and wail until 
you have proved tha~ you Itavc enough up elcvalor cffecl bcfore you 
start reducing power. On thosc lypes which suITcr a stalled mbiliscr 
drive in the lace of high clwntor louds l l i c  recovery is not necessarily 
dificult or disturbing if you follow the recomniendcd drill (see page 41). 
Simply k q 1 i  tlic trim buttoil ilclivated a i d  ease oll the  elevator lond. 
As the l a m  fulls through t l ic  critical value tlie stabiliscr wil l ruo ond 
rccovcry w i l l  be cllbctLu. I(cnicmbcr lo rasc oll llic pull force as the  
slnbilircr rcsporidu. 

(e) Large Dank cmgles, in isolation, ore recovered in thesaine wny as moderace 
bank nnglcr. Don't use the rudder - just roll il out sniootlily on the 
ailerons. Now remcmhcr this : i f  you ure upset at  a lnrge bank angle in 
a steep diva you tiiwl recover thu ueroplene laterally beJore you recover 
i t  longiruditiolly athewise you wi l l  simply pull into an ever-tigbknitig 
spiral. So rol l  i t  subsuntially lcvcl first thcu mover in pitch. If you 
arc ill very high Much numhcr in n type on which you arc 1101 surc of Lhc 
rudder ellectivcnwc in the way in which i t  roUs (he aeroplane then / e w e  
r k  rudder ulone an& recover on ailerons only. 

GNW upufLc, prlrmry sltlhrdc lodlcalors toppled. First le1 i t  bc said lliet 
many of lbc la lcr  attitude indicator6 relain full fraulom in roll. A manoeuvre 
including investd eight irom a roll thcrctoore Iciivcu cbe boriron still function- 
ing. These horizons have about 65' frculom in pitch so it i s  mort uolikcly 
that a civil jet transport so equipped will ever nullcr a toppled primary 
attitude indicator. Soute of the very letert Iiorimns huve w l u t  is known as 
conlrollcd p w s i o n  io pitch around the vertically up, and vcrtically down, 
attitudes. AI these points the ioslrunrcnt docs a 180' t w l v l c  so that i t  
reads properly kccping tbe sky ond the ground in the riglit place, and again 
as the other datum i s  travcrscd to bring i t  back to normal presentation. 
DiKcrcol symbols identify straigbt down (the nodit) and smight up (the 
zmlrh) ood the controlled preccrsioo is quite obviour. These iortrumcnls 
ore cfkctively fully aerobatic and they wil l not topple. However, there arc 
a number of jets dying with inshmenls thal will topple, so thcsubject should 
be covned. 

lo  order lo keep this trcalmenl within reasonable bounds 3 Simple analysis 
hae &rl to bc done end certain assumptions madc. I1 a civil transporl 
aarnplaoc is upset aufficieotty violently to topple the attitude indicators it i s  a 
fair bet &or the pilot will he disoricnmtcd and not know what position he i s  
in. The first thing to do therefore ir nolhlng; if you do not know wbai 
poeition you arc in you cannot know bow to get out of it. So wait until Ihc 
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b c- 
acrophne scitlcs into a recognisnblc mnnoeuvre before you Lake bold orit. 

The ueroplane will certainly Goirh up by descending; in e, straight dive. 
c r c a  or invertcd, n spiral or a spin, ewt or inverted. To date then hac been 
iio rccordcd instance of an aeroplane spinning out of an upset. Purtltcr- 
illore, judging from conversetion with military personnela i t  i s  e, fair bet that 
i l ic  inverted spio i s  ool in the repertoin o f  c i v i l  jct tranrpon nircdt .  The 
CICCI spin, however, i s  s t i l l  a possibility. We nacd therefore to eovu four of 

I 

t h c x  wscs. ! 

(a) T/ie spin i s  rccognised by a high rate lurn on the turn indicntor (ignore the 
blip rcading - it cun bc stuck hurd cithcr side in a modcrn ueroplanc), 
8 gcncrul sloppitless or the controls (if manual) a lot of banging nnd 
clal lcr iog midofidrly low UirJped.  Tbc recovery is Caffiled by applying 
hard opposilc rudder against h e  tum, strictly antraliring Ihcnilernns 
end pushing forward tiie control column. Wbon the turn indicator 
coniw off i t s  stop ccotrslire the rudder. You wi l l  be left in a stoep diva 
(scc latcr). 

Ib) f i e  spiral i s  rccogoircd by a hidl  NIL turn on the turn indicator and not 

i 
I 

much slip, n deGnite feci of &creasing spced orld u rapldly lncrearing 
airspeed. Recovery is effected by rocovering lama1 lcvcl6rst by npplying 
ailcroii against the indicated turn uiitil it i s  substnntially central. then 
ccolratising tbe ailcroos. Youbi l l  be left in a stocp dive (see later). 

?'he iriveried dive w i l l  be obvious by a l l  tho loose quipmcnt flying around 
the nigl)t dcck aod the fact that you are banging on your straps. The 
mcovcry in this case is  simply to roll the acroplnnc on the allcrons for 
about LI K ~ U .  Bat; this i s  approxlmairly the time i t  w i l l  ukc theaverage 
older j c l  Lrnosporl to roll througb 180" (for tbe ncwcr neroplancs i t  
could b e  ncorcr 4 sccs). Wbcthcr or tint you judged il properly you wil l  
most probably fwd yoursclf near enough right way up in a spiral (see 
obovc). 

(d) The erect s/eep dh'e will be coa6smed by n rapidly incrcaeing airspood. 
Muiotain la tera l  lcvcl on ailerons by keeping the turn indicator sub- 
stnntially ccntrnl. then pull up elevator. Maintain up elevator u n a  the 
aisspccd stops incnuing - t h i n  munu tbat you urc parnium Itruugh Uro 
lcvel flight atlitude- then push. beau% at the much increased s p e d  
the stebility wi l l  be causing a strong nose up pitch (renicmbct'?). Now 
wait for the altimctcr to slcndy and fly on botb dllimclrr and airspeed 
for pitch cootrol and the turn indicator for lntersl cootrol. You a n  now 
home and dry. Just press tho fast crcct button on the standby horizon 
and relax. If you libould have uvercaoked the divc recovery and 
find yourself rushing uphill, push until the spmd atops d6crconing; chis 
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identifies the level pilch attitudc again. Now change lo  a pull and 
slowly relax as the speed increnscs. and maintain altitude. 

Note tltat tlic above drills, pnrticularly (d), om absolutely conditional 
upon the l l i tust not being altered from iu original cruise Wing. I f  i t  
rhould be altered, theit the relationship of stick rnorcc to speed wi l l  be lost 
and the watch for level flight will have to be made lhrough intelligent use 
oftlic VSI and altimeter. Tliesc recoveries arc no/ ovenvritten. I f  you have 
h c  ability and personal discipline to fly lhcm using the b&ic instruments. 
recovery caii be yarnnteed from the most cxtrenic positions. 

i 

Instrument tollurea 

F ia l l y  some advice on flight techniques in the event of railurc of various 
fligbt instrumcnts. The awrct of most (cchtiiqucs of course i s  rlre known 
relarlunshlp lsrwecn roqfigurorlon, arrlrudr, power and speed, ht us put 
adde hilum of aingle instruments bacsusa these nra usuully well duplicated 
and backed up by tbo read-across from other related instruments. There arc 
two a m 6  which n d  to be discussed:- 

(a) A total (temporary) failure of al l  pressure instruments (airspud. altitude. 
VSI and Mach) should not causc you any distrcrs. I n  an en route climb 
at night fnr cxamplc you should know tlial, i f  you mainuin climb power, 
oompass beading, wings level and a typiul  climb attitudc on the horizon 
indicalnr, you arc bound to eontinuc the climb in a broadly ncaptnhlc 
manner. Similarly in any other confiyrstioo; the rrlalionship or power 

(b) A total (temporary) failure or a l l  attitudc infornlation i s  just as easily 
@ped with. Mniotain Lalcral Icvci by rcfcrenic to thccompass and turn 
indicator; mainluin pitch attitude by refertiice to airspeed and height 
associated wi th  a known power. 

i 
I and nltitude will give you a safe airspeed and/or rate of desccnt or climb. 

I 
I 

' . 

As a conclusion to t b h  aub-ebapcer i t  i s  ruggcstcd that the redder W i l l  a w e  
tbat i t  i n  easier to avoid fnlling into a hole than to dig yourself out llaving 
faUco in. Al l  thc rcoovcry techniques slaboratad here arc quits flyable and 
work out i n  practice. Better of cuursc I O  Pvoid t b t  
nccd to apply them in rcal l ire altogether. 

Good as we al l  think we arc, there comes a time when we arc forced 
to 6nd nut just how good we really are. Under dcmanding conditions keep 
your eye closdy on the acroplant's nigbt path and watch m y  tcndcncy lor 11 
IO start sneaking away. Prepare yourself for the I in  7 chance wlren thin@ 
bnve gone wrong by keeping up your inslrunlcnt flying nbility. Go back and 
6nd out just how a turn and slip iudiator works, practise flying without 
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Bur tbcy need practice. I 
I 

I 


