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I+kovery :Training: Rogram" (Se. 3);' "Refer- 
e x e s  for AdditionaPhfimnation" (Sec. +;and a 

@ual attitude,:'"advaked maneuver," "selected 
event," "loss 'of, control;" "airplane up&," and 
others are tenns used *chin theindustry.The tcani 
decided that "airplane upset" was appropriate for 

'The .goal. of'this.:p&ning.Sd is to increase the this training aid. An airpIaneupse& defined as an 
ability ofpiIots3omcogni~d abd& situations airplane in fligbt unintentionally exceeding the 
that can lead toairpfancbpsetsand toihproktheir parameters normaliy experienced in line opera- 
ability to recover control of an airplane that has tions or training. 
exceeded the n o d  flight regime. This will be 
accomplished by increasing.awareness 6f poten- While s.pccific values. may vary arnong.airplane 
tial upset situations and knowledge of acrodynam- models,' the following unintentional conditions 
ics and'by application of this knowledge during generally describe an airplane upset: 
simulator . .  training scenarios. a' Rtdh attitudc greater than 25 deg, no? up. 

e Pitch attitude greater than IO deg, nose down. 
The education material andie recommendations Bank bgIe greater than 45 deg. 

. .  . ;.:. . . . &/*partvi&Ji.i , ' . .. . , I 

. , * ,, . . .  . .  . .  .. 

industry. 

2.7.' 0 biectives 
The objectives of the "Pilot Guide to Airplane 
Upset Recovery" arc to provide pilots with 

Knowledge to recognize situations that may. 
lead to airp~ane~upsets So that they may be ' 

prevented 
Basic airplane aerodynamic information. 
Airplane flight 'inaneuvering information and. 
techniques foe recovering airpbes that have . 

beta opset 
. 

it is b te" t&,  ... 
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Figure 6 
SrCntfUtliC 

Microburst-An 
atplone- ir 

the micmbnmt 
would experience 
equcrlheadwinds 

. c u d t a u w ~ .  

~ 2 4 . l . l S ' M i c ~ b ~ t s  . . , when exiting the micro& ~Wiadspteds idten- 
si@ for about 5min a f k $ a m k " i k  SnitiaUy 

Identification. oi concentrated,. more powerhl contacts the groy~nd and typically dissipate within 
dowq&afts+k.nown as microburstj-bas resu~ted 10 to 20 e n  after ground contact. 
from theinvestigation of windshear accidents and '. .... . !!- . . . .  
from meteorological .research. hfimbursts cam . It. is vitkd'tv ncognize. that som &burrsts 
mciu .anywhere .convective .weather conditions ~ n ~ ~ b e ~ s ~ c e ~ ~ Z f y  esscoped wiik'Wy known 
occur,, Obsevatioq. suggest that approximately:. techniques. _ ' .  

5%. of 

d y  only a.few hundred to~jo00 ft:acr~ss. When 24-i-? W L  '~Ience 

- .. 

. 

_. +* . . . .  

.' . . .  . .  thunwtorms pr~duce a microbur~i : 
Dbwndrafcs associated..with rniCr0burst.s are typi- . a  .... 

. . . . . .  . . .  .: 
a downdraft reaches .&e ground it spreads out Wake turbulence kthe leading cause:ofa&plane 
horizontally and may form one or more horizontal . upsets that arc induced by the environment. The 
vortex rings around the downdraft (Fig. 6). phenomenon that creates wake turbulenci results 
Microburst outflows arc not always symmetric. from the forces that Lift the airplane. High-pressure 

occur upon mt&g outflows, or it may be much. around the wingtips to the lower pressun region- 

' 

Therefore, a,qignificant airspoea increase may not air from the lower sutface of the wings ,flows 

.) 
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& s . . q ; , t h u s  $~ecI$rom%he wingjs. the tight 'wing , .'theNatiorral.~e~nical.InformatibnSeivi~~~The 
vortex rotates counterchcbise; &ad thd&wing.. Boeing:Csmp*y. . . ' 

vortex rotates clockwise (Fig. 7). The region of, 
. .  . ,cot&ng airhehind the airplane is. when-.w&e'. A$enc&aterwith wake~ulc~ceusua l~&ul t s  

' .u turbtaienqe. w.uri. ."he. slrength.of the &dencc. . in iiidticed iolling or pitch &oments; Kowev&-. in 
. . .  , is,&tennined predominantly by the weight, wing-. m e  in h.=ncoufit&--ld 'a&.&- 

, . s p ~ : a n d s p e c d o f t h e a i r p l a n e . . ~ n ~ ~ y ~ v o ~  damige ta &&Sirpkine. Ia.mMerh&:6neins&ce, 
t&scend:at~initiaIrateofabotit U)Otp5OOft/min. pilots have described an encounter to be like "hit- 
for'about.30 sec.. The descent irate decnases and. .. . tihg ~naI1:'The dynamic f&es.ofthevor&xcan 
.euen@ally. apprbachcs . zcrrrat. betweeit 500.q1d exceed the roll orpitch dapabilityui'thi to 
., ~ . f i  below thefii'gfit patb;.Flying i r  mabove the. . ove.r"e.tbiese forces. .During t e s t p h j j ,  the 

.c' ' .: . _. . : ' . .  . .  . - .  . . .  : -~ .'. . f : -  .;. 
' 1  .. . ' . 

sflightpath provides the best method foravoidance. wake w& from ddii*onsiCieValu- 

_ _  : . . w h e n c r o s s i n ~ ~ l w ~ p ~ g ~ . ~ a y ~  One item was common to a?l ~~~~t 
q~,nsidercd.safe. Thisvextical motiomisillustrated a concerted effort by the pilot.to mnter the wake, 
.t&:E?igure 8;. Refer to the W u k  Turbulence Train- the airplane would be expelled from.the w e  and 

.avoid wake:turbuien ce...~is'~d,is available from:; 
.- . ... , 

. .ing Aidforci.Mnprehensiveinformationon how to an airplane upset could oc'm. . .  
. .. _ -  .. . .. . . .  . .  
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Figiue 7 
Wake TunWcnce 
Formation 
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Figrvr8 
Vedcal Motion 
Out of Ground 

' 500to900ft Effect 
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, Cotgter-kontrol is, usually effectiye and induced 2.4.2 Systems-Anomslies-Induced : 
r d  is minimd in-cases where,the wingspan and Airplane. Upsets- 
ailerons of the encountering airplane extend be- 
, yond the.rotational.flowfieicM of tf#vortcx (Fig. 9). AiqIanc des&& e4ui,pmentrcziability;~d flight 
Si ii, mi& difiqit  fq.'*lanes.wi*shortwing- ; - cr;tW.ttaining.have.all.imp~v~.since d ; ~  ~ i i g h t  
sp (Te1ative~otbegen~~gsirplane)cocounter.: .brothers'. T i t  powered.fight Airplane Mfica- 

. the..@posed mllindu'ced. bythe vortex flow; ?' ' tion processes andoversightm-cng&uskh& 
' . .  .'... ':' ' .  -~ ..._ y m r j r l i ~ c q i z i ~ ~ l -  

Avo,jdrng.wake . *  turbdcn& is-theky.4o av 
.., . *y, +l ie  !pets.. Pilot md air.bffk e-pm&&D&& 

pmydures. and. standads are designed to: accom- . nation of inforination: is. ikpid. if problems m . 
piish. this goal. but. .&. the aviatiori industry ex-. : detected: Improvement in- airplank designs and 

, pan&,., the: probability of. an encounter also.~.*kquipmenr components.-lhas: alfays-kn~i,.major 

continuing effort, thcre & stin failUns: &me of ' 
" j?14Y3-Airp& I&, . .  . .  . these faiIures can.Iead:to an-airplane ups+ is 

why flight-crews are.trainedtd over&mcormili- 
Technical litefature is rich' with data showing the I gate. the impict of the failures; Most. f~?lires aie 

. adverseatrodynamiceff~ofairfoilcontamina- survivable if correct responsks are madt by the 
tion. Large degradation of airplane .performance flight crew. ' 
can result hm the surface roughness of an ex- 
tremely small amount .of contamination. These An airplaie was approaching an airfiekd and ap 
detrimental effects vary with'.the, 1-tion and peared to break off to the right fora left downwind 
roughness. and they p !me to the opposite mnway. OR downwind at approxi- 
handling characteristics; dof. "'mately 1500 ft, the airplane pitched up to iearly 60 

d.pos- deg and clirnbed to aq altitude of nearl? 4500 ft, 
sibly unanticiparecfchanges in stibility..&d con- with the airspeed deterioratingto almost Ikn. The 
troL Tberefore, the &om of "Keep it cjean" for ' airplak then ta+slid, pitched down, and seem- 
critical airplane surf&ks continues'to be a uhver- ingly ,-vex&. However, it continued into.an- 

. .  othei s!eep phchup of 70 deg. This m e  & it sairequirement.' . .  .,.. . . ' 

....a('. . .:., A .  .. . - .  
. .  . . . ..:.; . . . , . . .  . a .  

. .  

increases, . . . :.:::. . , .  : : . - 7  . . -foc&. in.: the. .a*tian. inh'stry;. +ite-:bf this 
.~ . * .  
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,. maximum lift capability, intieas 
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the moments.. The tail is then held in. the desired 
position by an intverSible flight control system 
(usually hydraulic), This configutationrrquires B 
very powerful and fast-acting control system to 
move the entire tail in response to pilot inputs, but 
it has been used quite rmccessfuUy on commercid 
jet transport airplanes. 

In the case of tbe trimmable stabilii, &e proper 
pitching moment is achieved by deff&ting the 
elevatorand generating the required lift on the tail. 
The stabilizer is then moved (changiugits angle of 
attack)untiltherequiredtail fiftisgencrated by the 
stabilizer with the elevator essentially at zero de- 
flection. A side effectofhis collfigurarionis that 
from the trimmed condition, full elevator deflec- 
. tion is available in eithw.direction,-atlowing a 
muchlatgerrangeof~qvaingcapab'ility.Tbis 
.is the configuration found on "thigh-perfor- 
mance airplanes that must optlatetbugh aveq 
widespeedrangeand-tfiat uscverypawtrfulhigh- 
lift devices (flaps) on the wring. 

Knowing that in the trimmed condition the eleva- 
tor is nearly faired or at zero deflection, the pilot 

. instantly knows how much control power is avail- 
able in either d i i o n .  This is a powerful tactile 
cut, and it gives tbe pilot M o m  to maneuver 
without the danger of homing too close to sur- 
face stops. 

. .  

: <" 

Dirrctional Ae 

) Aerodynamically, anti-symmetric flight, or flight 
in sideslip can be quite complex. ?be forces and 
moments generated by the sideslip can sffect mo- 
tion in all t h e  axes of the airplane. As will be 
seen, sideslip can generate strong aerodynamic 
rolling moments as well as yawing moments. In 

- 

passengers, as the sideways forces are mini*&. . '.; .-. : ' it I. . . 

Figure25 
Angk of Sideslip 

. .. . . . .  
. ... . . .  

'. Rudder deflected left 
to hold sideslip angle 
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commaad@ I ;  . .  nose-left sideslip. ."kat is;.the velac- term "dihedral effect!' i s  u&d when descn'bing the 
ityvtcfor is not.aligned wi@ the longitudinal axis effects ofwingsweep and@dderon l a d  skbil- 
ofihe airplane, and the relative wind is coming ity and control.# . . I . ' 

: :; &swept-fingdesign used on. jet transport air- 
from the pilot's right, 

One purpose of.the vertical tail is to keep the nos+!. .planes is beneficial for high-speed::flight. since 
of the airplaneftpointed intotkt winCormake the' ' highef flight speeds may be obtained befori.com- 
e . .  tail follow the. nqse.. Whem a- sideslip..angle, .ik .* .. ponents ofspeed p-ndiculartoh leading Age 
developed tpe.vertical~tatr is at an angle o f d k  . producecritica! conditions on the.&ng; h other 
h d  generates,'.'tift" that pohu.Sidewayk tending words, wing sweep will delay the onset of ccjm- 
.p.ktunithe airplane wzero sideslip. Commercial . pressibility effects. This wing sweep also consb- 
jet transport airplan+ arc certifiated. to.. exQibit.. .~utes to the' dihedral effect. Whin-the eept-wing 
. *tic directional stability that tends to return the.' airplane is placed. in- a sideslip; the wing into the 
. airplane tozsideslipwhencontrolsarertleased- wind::ekpaiencesan hcreast. in. Glift,'since &e 
or.rctumed to &neutral pasition. In order to ho1d.a effective sweep isless. and-tbe.wiug away from the 
sidcslipcon&tion,the pjlot mustholdtherudderin ~wind~rodaecsless lift,sincezhecffectivesweepis 
ade&ctedposition (assumingsymmetrica! thrust): greater.(Fig. 25). The amount of contribution, w' 

dihedrd.;effeet,.-depends: on the, amount. of 
swetpback &d lifr coefficient of the wing. The, 

2.55.43 w i g  Dheciral'Eff& .. effect becomes greater with i n m i &  lift &E- 
Dihedral is the.positive angle form& between the . cient- an& wing'sweep;. .me lie coefficient -will 
lateral axis of an airplane and a tine that passes increase 6 i t h  iacysing ang~e.of artack.ap to the 
through. the center of the wiig, as. .depicted in critical angle. This means that any sideslip 
Figure 26. Dihedral contributes to the lateral sta- :inmore rolling momenton aswept-wing airplane 
bility of an aiqtane, and commercial jet transport than on a straight-wing airplane, Lateral controls 
airplanes are certificated to exhibit static. lateral ou swept-wing.aiqdanes mpowerful enough to 
stability. A wing with dih,edral wiltdevel~ stabre control large sideslip angles at operatiod speeds. 
rolling moments with sideslip. If therelative wind e . .  ... . . .  

comes from the side, the wing%to.iw h'a is Rudberbputprodu&.&&p c o n a i h  to 
subject to an i n k e  in lift 'lEe.dng' 'bm .the d&ed&effe&= eff&tis proportional to the 
the wind is subject to.adec&s6'&8ngIe&.attzkk angle ofi'sideslip. ( lbt  is; roll incrkases. with 
anddevelops a demasein.vft.,The.ch?n&in lifk . sidedip angle; therefore, roll  increases .with in- 
effect a elling moment, tending,tp &#e *d- : . :whg  rudd& mput) ,When an qkplarie- k at a 
ward wing; hence, dihedral contributes a stable .. high angle of aaa~k ,  aileron andl'spoiler.rolI con- 
roll due to sideslip. Since wing dihtdraI is sb tcolsbecomt:lgss-effective. Arthe stall.&rigle of 
powerfd in producing lateral stability, it is used as attakk.tbe rudderis still effective: theref& i r  
a 44mmm0n~den0minat0r term" of the laterat sta- produce large sideslip aixgl%- which in turn pro- 
bility contribution of other airplane components, duces roii because of the dihedral effect. . 

... 
. .  * _. . . - ... . .  . . . .  

. . .  
. . .  . 

i .  
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.:. suchasNdderand.wingswveep.Inotherwprds,the .. . .. . . , . .  
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255.43 pilot-Commanded SidesIip ' . .  I . ,  ..... 
. . . .  . . . . .  ._ . .  , :v:  ' 

It is ibportant to keep in ri.lind that the rudders on 

. vering. Tbis requires ctidrdinated use of both 
ailerodspoflers and rudder . . .  in all maneuvering. 

. . . . . .  
0n5 Way to iieteidne'the ijdeilip state of' the 
airp!ane f to "f+I* t& kted aixe~eration; it feels, 
as if ihe pilot is' &rig' pw out of &e 'seat 
sideways. hotber way k to-exainine the slipskid 
indicator and keep the ball in the center. Pilots 
&odddevelop a fee! for the padculat Ahplanes 
they fly &d understand how to minimii sideslip 
&gle through coordinated use of flight controls. 

. . .  . .  

; 

. 
Crossover sped 'is a recently coined term that 
d & i s  the lateral controllability of an airplane 
with the rudder at a fixed (up to maximum) deflec- 
tion. It is theminimurn speed (weight anddnfigu- 

. - ration dependent) a I-g flighf where maximuin' 
aifeka/spoikrii+t (against tht stops) is reachtd 
mci thd.wings..ani'stiU level or at an a g i o  

* maintain directional :kontroi; Any additional mi-. 
der input or &crease:iruspeed W~II &uIt in i 
unstoppable roll int&tbe-&cction of the deflected 
rudder or in h inability tb: maintain desired head- 
ing. Crossover'speed:is;vcry.vtry."ilar in concept to 

. . Vmca, except that iiistead ofbehig Vmc due to a 
, thrust asymmetry, it. ii .Vmc dut..io full rudder 

iation dependent. HOwcv&, it E'& & d i v e  to 
angle of attack With weight h d  configuration 
held canstak, the crossover @ will increase 
with i n q e d  angle of attack and win d e " e  
witbderreasedangleofattaclcThus,inanairplane 
upset d k  to rudder defleqion with large and 
increasing bank angle and the nose rapidly falling, 

j ' below the hwon,, the inpq of additional nose-up 
eIeiator'&itb&eady mdmum input of aileron/ 
spoilers- -1. only aggrzivite- the situation. The 
c o m i  action in this Cast is to unload the airplane 

. 

. 

. . . . . . . . .  

. .  .input .... lEis'&qsitv~.specd:~ ..'..,. . a , . .  ,: ..... abd confip- 

NO&: The p&ious discu&ion refers .to &..em 
dyna@c effe& &seated with rudder inpuq bow- 
.ever, shni~$.aeroaynamic eff& & ass+iated 
with, otber surfaces. . . .  

. . .  . _ .  
kgh;Altib.ae; . ' . . : .  , 

. . . . .  
. . .  , . . . . . . .  . . .  

Mode+ ~~o-ercid, j i t  &sport .airpI&&' are 
design+ to flyat altitudes fiomsca IeveLt6,morc ' . 
than 40,oOO R' a'.considerable changes in 
atmo&henc drarac&stics that ,take pl&, .over 
that a~titude p@, qd thi.,+i+e mustaccom- 

One'iteri of intirest to P;ilots isthe air temperature 
asaltimdechanges. Up tothetropopause(36;089ft 
in a standard atmosphere). the standmi tempera- 
ture decreases with altitude. Above the m p  
pause, the standard temperature remains relatively 
constantr This .is important to. pilots because the 
speed of sound in air is a function only of air . . . .  
temperature. Aerodynamic characteristics of lift- . ~. . 

ing surfaces .and entik airplanesare significantly, . . 

affected by the ratio of the airspeed to the speed of 
sound. That ratio is Mach nuniber. At high dti- 
tudks. large Mach numbers exist at relatively low 
calibrated airspeeds. 

As Mach. number increases, .airflow over parts of 
&,airplane begins:to. exceed the speed ofbound. 
Shock waves as'&+& with this 10Cd supoisonic . ' 

flow e n  i n t e r & . p i . i t h ; ~ , n o ~ y  S&MXII flow 
over the lifting'surf~;'ca~mg.local.flow sepa- 
ration. Depending on the iti&.ne:'&~uUs .&para- 
tion grows.. in magnieude..with;ili 
number, c&&cs Such & pi 
or aemiyniiiic 6iffkng may occur.  rans sport 
category airplan,es are certificated to be free-from 
chaxacteristics that w o u ~  interfere with normal 
piloting i n  the ndmd flight envelope and to be 
safely controllable dueng inadvertent exceedan& 
of the normal envelope, as discussed in Section 
2.5.4, "Aerodynamic Flight Envelope." . 

The:'point at whichbuffeting.would be expected to 
occur is documend- i ~ .  the Approved Flight 
Manual. The Buffet Boundary orCiuiskManeuver 

modate th&e . . I  c b g e s .  -. i .  

.,. . . .  . . .  . .  . .. 

. 

. . . .  

. .  ...;:'. 

. .  

' , 

a , . .  . .  

. . .  
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. come c u k d  and the- airplani will accelerate t k  ~ q t e ,  ink.co&n ofi&engi& f m ,  vcry 

ward the earth quite rapidly; In' this task the pilot lurgeyawbig m b m e h  WOyU result & v e b  b e  

., gravity.In~cases,thepiIot,shoulderis~~~~e . .thepirorinputfxdZruddir when it.& atjtneeded' 
angle of attackis below the'smll an& &&@I to . Pilots n.;P'to be aware ofjust how p0werf;rl the 

. . i 
. b*; *jiould. 

. .  ; *  e i s & d & C e f f &  itcan'ha*&w~Ibe.~of 

. ' must find a way to orient the lifi'vcctor away from' sidesfipanglrs tm.dlnrgtm?sCturrrl 

. . , , . 
upright as rapidly as possible.. '.. '.. .. . .  . .  . .. . .  ' tbeaicptane&sy"eetric.Manymod&&plmes ' 

.... . ' . I..'.. l i 6 t  the. d& authority in parts .ofthe flight' , . ' 

zss..io Directioh ~afreuvering: .. envelope in which large deflectiohs &,riot re- 
. . Motiorr about the V d c I -  axis k .callad: "yaw" q u i d .  for example, at high speeds. In this way, the. 

(Fig: 36). The Character ofthe rhotisn,irbdut the ..supporting structure can' tie'hiade Iightci. .&lots' 
.'. vertical h i s  is determined by the balance'of mo- _. A s 0  ne-d to & ' a w e  of such 'Wdlil bit ing" 

' 

systems &d how'they opehte on' airplarics~'. . 

., . , 

. . . . .  . .  
men& about theaxis (arbundthecentcrof&avity); 

. , 'Ibe princiw controlleiof aerodynamic moments' 
aboutthe v a t i d  axis is thenzdder,bditishot the 
.only one; .Momentsabw die vlrtica!. &s.;daa be 
generaGd or affected by asymmetric thrust, Or by 
asymmetric drag (genesited by ailerons, spoiIers. 

. asymmetric ffaps, mid thelike); 'Ihese asymmetric 
moments may be dcsited. (designed in). or' unde- 
sired (perhaps the result of sotie failure). . 

Generally. the riiddeer is iiscd.k &mol, yaw in a 
way that minimizes the angie ofsidesii; ~IM is, 
the angle between the airplane's4origitd axis 
and 'the Felative wind: For exampli;wken an en: 
gine fails' on 'take&; the object ts' to. keep the 
airplane aligned with the runway by usingnidder. 

OII modern jetmnspits: wittrpow& chgines 
'located away from the centerline, an engine €ailwe 

.   an result in.very large'yaivimg monien6. and 
. rudders art g i n d y  sized ttrbe'.abIe,to conmI' 

means that the rudder is very$wdl .&d h t h e  
capability togeneraie vay large yawing morhents. 
When the rest of the oirplanc is symmcb'ic, frir 

.I. . 

. . ... . .. ... . .  

'thase *omen& ;d& to .io'+ ypeeds; ms 
. 

' 

Fignn 36 
Yaw Arir 
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. meabiity ofthesimuIdtors idexisteicetoday to 
. adequately, replicate. the maneuvers being p m  
posed for airplane upset recovery training is m- 
important consideration. Concerns raised about 
simulators. during the. creation of the kirpiune 
Wpset Recovery Tmining.Aidinclude the adequacy 
of :the hardware, the equations of motion; ind the 
amdynamic modeling to p v i d e  realistic &es to 
the.flight crew during training at unusual attitudes. 

. .  . 

. . 

It. is possible that some simulators in existence 
today may have flight instruments, visual systems 
or other hardware that will not replicate the fill- 
su-degree-o€-Morn movement .OF the airplane 
that may be required during u n u d  anitude train- 
ing. It is important that the capabilities of each 
simulator be evaluated before attempting airplane 
upset mining and that simulator hardwak and 
software be confirmed as compatible with the 
training proposed. 

Properly implemented equations of motion in 
modem simulators are g e n d y  valid through the 
fullsixdegree-of-fedm range of pitch, roll, and 
yaw angles. However, it is possible that some 
existing simulators may have equations of motion 
that have unacceptable singularities at 90, 180, 
-270. or 360 deg of roll or pitch angle. Each simu- 
lator to be used for airplane upkt training must be 
confirmed to use equations of motion and marh 
models (and associated data tables) that are valid 
for-the full range of maneuvers required. This 
confirmation may require coordination with the 
airplane and simulator manufacturer. 

Operators must aka undefitand that simulators 
Cannot fully replicate all flight charactens * tics. For 
example, motion systems cannot replicate sus- 
tained linear and rotational accelerations. This is 
true of pitch, roll, and yaw accelerations, and 
longitudinal and side accelerations, as well as 
normal load factor, “g’s.” This means that a pilot 
cannot rely on all sensory feedback that would be 
available in an actual airplane. However, a prop- 
erly programmed simulator should provide accu- 
rate control force feedback and the motion system 
should provide airframe buffet consistent with the 

\ 

could-result from control input d&ng certain 
recovery- situations. 1 

The importance of providing- feedback to a pilot 
when control inputs tKoUtd have exceedkd air- 
frame, physioibgicd, or simulator model- limits 
must be recognized and addrebsed. Same simuta- 
tor operators have effectively 0~ca.i m a t o r ’ s  
Zrash” mode to indicateffmits havZ been ex- 
ceeded. Orhers have chosea- to turn the .visual 
system red when given parainems have been ex- 
ceeded. Simulator operators should work dosely 
with training departments in selecting tbe most 
productive feedback method when selected pa- 
rametes are exceeded. 

The simulation typically is updated and validated 
by the airplane manufacturer using flight data 
acquired during the flight test program. Before a 
simulator is approved for Bny crew training, it 
must be evaluated and qbalified by 8 national 
regulatory authority. This process includes aquan- 
titative comparison of simulation results to actual 
flight data for certain test conditions such as those 
specified in the ICAO Manual of Crireria for rhe 
Qwfificofion of Flight Shu.fators. These flight 
conditions represent airplane operation within the 
nonnal operating envelope. 

* -  

.me simulation may be extended to represent re- 
gions outside the typical operating envelope using 
whd tunnel data or other predictive methods. 
However, fight data are not typically available for 
conditions where flight testing would be very 
hazardous. From an aerodynamic standpoint, the 
reghes of flight that are usually not fully vati- 
dated with flight data are the stall region and the 
region of high angle of attack with high sideslip 
angle where there may be sepaxatwi airflow over 
the wing or empennage surfaces. While numerous 
approaches to stall or stalls arc flown on each 
model (avaiIable test data are normally matched 
on the simulator). the flight controls are not fully 
exercised during an approach to stall or during a 
full stall, because of safety concerns. Also. mll and 
yaw rates and sideslip angle are carefully con- 
trolled during stall maneuvers to be near zero; 
therefore, va1idation.of derivatives involving these 


