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::;'Thc “Pdot Gmde to. An'prane UpSct Rccovery” is-

.one part of the Airplane ‘Upset-Recovery Training
‘Aid. The other parts includé an “Overview for

- Management” (Sec: 1); “Example Adrplane Upset

Recovery :Training’ Program™ (Sec. 3); “Refer-
- -encesfor Additional: Informauon (Scc 4), and a
- two-part wdeo‘ =

."The goal of this: trammg aid is to increase thc
. ability of pilots‘to-recognize-and avoid situations
that can leadtoairplancupsets and to improve their
ability to recover control of an airplane that has
exceeded the normal flight regime. This will be
accomplished by increasing awareness of poten-
tial upset sitzations and knowledge of acrodynam-
ics and by application of this knowledge dunng
simulator trammg scenarios.

The educanon matenal and thc recommendations

-provided in the Airplane Upset Recovery Training
Aid were developed through an 'hsnve review
procéss to achieve aconsensus  of the air transport
industry.

2.1 Objectives
The objectives of the “Pilot Guide to Airplane
Upset Recovery™ are to provide pilots with

s Knowledge to recognize situations that may-
lead to airplane upsets so that they may be

prevented.
* Basic airplane acrodynamic information.

s Airplanc flight maneuvering information and
- techniques for recovering airplanes that hach o

been upset.

It lsmtcudedﬂmmnsmformanonbepromdedm. S

o' %’

- :pilots “during academic’ tmmn'g “and that it be

" retained for futiire use.

dviation indastry xndxCated thiat it was neceséary to
establisha descnpuve ttrm and deﬁmnbn in order
‘to develop this training aid. ‘Teriis such as “un-

. “advanced maneuver,” “selected
event,” “loss of control,” “airplane upset,” and
others are terms used within the industry. The team
decided that “airplane upset” was appropriate for
this training aid. An airplane upset is defined as an
airplane in-flight unintentionally exceeding the
parameters normally experienced in lme opera-
tions or training.

usual attitude,” “a

While spccxﬁc values may vary among airplane
models, the following unintentional conditions
genera!ly describe an airplane upset:
Pitch attitude greater than 25 deg, nose up.
* Pitch attitude greater than 10 deg, nose down.
» Bank angle greater than 45 deg.
* Within the above paramctcrs but flying at air-
speeds i mappro ) for the conditions.
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2.4.1.1.5 Microbursts -

Identification. of concentrated, more powerful

downdraﬁs——knownasmxcmbursxs—hasresulted .

from the'i investigation of windshear accidents and

from meteorological research. Microbursts can- .

occur anywhere convective weather conditions

occur. Observations. suggest that approximately-
5% of all thunderstorms produce a microburst. :

Downdrafts associated. with microbursts are typi-
cally only a few hundred to'3000 ft across. When
a downdraft reaches the ground, it spreads out
horizontally and may form one or more horizontal
vortex rings around the downdraft (Fig. 6).
Microburst outflows are not always symmetric.
Therefore, a significant airspeed increase may not

occur upon entering outflows, or it may be much.

less than the subseque: airspeed loss experienced

Figure 6
Symmetric
Microbursi—An
airplane transiting
the microburst
would experience
egual headwinds

© and tailwinds.

‘Virga or
rain '

Horizontal
vortex

when exiting the microbirst. Windspéds inten-
sify for about 5 min aﬁcna microburst initially

contacts the ground and typncally dissipdte thhm :

10 to 20 min aﬁer ground contact.

> I

Itis mat to recogmze that some microbursts

munotbe successfully cscaped with auy lmowu
tcchmques . S

24.1.2 Wake ’l\n-bnlence . :
Wake turbulence is the leading cause- of mrplanc

"upsets that are induced by the environment. The
-phenomenon that creates wake turbulence results

from the forces thatlift the airplane. Hi gh-pressure
air from the lower surface of the wings flows
around the wingtips to the lower pressure region
above the wings. A pair of counter-rotating vorti-

Clohd Base ‘

|<——-— Downdraft .
Ouitflow
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ces aresthus shed: from'the: wings: the ight wing
vortex rotates counterclockwise; and the left wing -
vortex rotates clockwise (Fig. 7). The region of-

-.rotating air.behind the airplane is- where wake ™’
- iy induiced rolhng or pltch moments; however. in

- wrbulence. occurs.. The strength:of the turbulence.

. . isdeterminéd predommamly by the weight, wing- -

’, . spanzand speed of the airplane. Generally,vortices

. -descend at an initial rate of about 300 to 500 ft/min.
for about:30 sec.- The descent:rate decreases and -

-eventyally. approaches zero-at betweeir 500-and

900 ft below the flight path:Flying ator.above the -
. flightpathprovides the best method foravoidance:.
- xMaintaining a vertical separation of at least:1000 ft -

.- .whencrossingbelow the preceding aircraft may be
sconsidered safe. This vertical motionisillustrated
_xzim:Bigure 8. Refer to the Wake Turbulence Train:
..ing Aid for comprehensive information on how to

.avoid wake turbulence. Tlns axd is avallablc from::

-'the Nationnal Technical Infoxmanon Scmce orThe

Boemg Company C o ) .w_~
An encountér with wake turbulcnce usualty results

rare instarnces:a Al encouriter could cause stractural

daindge to the irplane. In'more thar one iristance, -

pilots have described an encounter to be like “hit-
ting a wall*The dynamic forces of the Vortéx can
exceed thc‘ roll orpitch cap’abilitydf thc mrplanc o

wake wasapproacbcdfromaﬂduecuonsto evalu-

. ate the effect of ‘encountér direction on respoise.
One item was common to all encounters: Without
a concerted effort by the pilot to reenter the wake,
the airplane would be expelled from thc wakc and
an mrplane upset could occur.

'y

: 500t0900ft

Levels off in "a'hbroxfmatel‘y"_._;__,_!
§ nm in approach configuration

Figure 7
Wake Turbulence
Formation

Figure 8
Vertical Motion
Out of Ground
Effect
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. Counter-control is usually effective and induced

roll is minimal incases where the wingspan and
ailerons of the encountering airplane extend be-

.yond the rotational flowficld of the vortex (Fig. 9).
Itis more dxfﬁcult for airplanes. with, short wing- : -
- span(relativegothe generating airplane)to counter: - .

 the unposed rollinduced by the vortex flow.

Avordmg wake turbulcncc is the kcy to avoxdmg :
- many airplane upsets. Pilot and air traffic control .
. procedures and standards are designed to.accom-
. detected. Improvement in- sirplane’ désigns and
“equipment components: has always: been:a major
- focus in:the aviation' industry.-In spiteof this

plish this goal, but as the aviation industry ex-

_ pands the probabnhty of an- encounter also

. IIICI'CSSCS. .

 Figure ']
Induced Roll

- maximum lift capability, increased

" 24.1.3 Airplané Icing

Technical literature is rich wnh data showmg the
adverse acrodynamic effects of airfoil contamina-
tion. Large degradation of airplane performance

"can result from the surface roughness of an ex-

tremely small amount of contamination. These
detrimental effects vary with’ the location and
roughness, and they produce ;mc Kpe ]
handling characteristics; includin

. ﬁha'pos-
sibly unanticipated changes in stability. and con-

trol. Therefore, the axiom of “Keep it clean” for

critical airplane surfaccs conunu&s to bea umver-
sal requirement. :

24.2 Systems-Anomalies-lnduced
Airplane Upsets

Airplane designs, eqmpmcncrchabxhty. and fhgbt
crew.training have-all improved since the Wright
brothers”. first powered:-flight. Airplane certifica-

* - tion processesand oversight are rigorous. Airlines

and manufacturers closelymonitor equipment fail-
ure rates for; possible redésign of airplane parts or

modificatiomof maintenance procedures.Dissemi-

nation. of -information: is:fapid: if probléms are

continuing effort, there are still: failures: Some of

these failures can lead to an airplane upset. That is

why flight crews are trained to overcome or miti- -
. gate. the impact of the failures. Most failtres are

survivable if correct responses are madc by the
ﬂnght crew.

An airplane was approaching an airfield and : ap-
peared to break off to the right for a left downwind
to the opposite runway. On downwind at spproxi-

" “miately 1500 ft, the airplane pitched up to 1early 60

deg and climbed 10 an altitude of nearly 4500 ft,
with the airspeed deteriorating to almost }kn. The
airplane then tail-slid, pitched down, and seem-
ingly .recovered. However, it continued into an-
other steep pnchup of 70 deg This tune as it

C




in sucha way as to get the acrodynamics of the tab.

1o hold the elevator in:the desired: position. The

airplane is then-in trim-(because the requiréd load. -

on the tail has been achieved) and the column force
- trim condition i is met as well (because the tab holds

_the: elevator: in- the. desired:position).’ Otte sxdq-
effect of this configuration is-that when trimmed-

_near.one.end of the. deflection:rarige, there is not
much: more.control available for maneuvenng in
that direction (Fi g 24). . .

- .In xhe caseof the al]-ﬂymgml, the entire stabxlwcr .

moves. as: one unit:in response: to- column com~
mands. This changing of the. angle of attack of the.

stabilizer adjuststhe tail lift asrequired to balance -

the moments.. The tail is: then held:in: the desired
pasition by an irreversible flight control system
(usually hydraulic), This configuration requires a
very powerful and fast-acting‘control system to
- move the entire tail in response to pilot inputs, but

it has been used quite successfully on: commcrcxal

jet transport airplanes. o -

ln~thc. case of the rimmable stabilizer, the proper
. pitching moment .is. achieved. by- deflecting the

. elevatorand gencrating the required lifton the tail.
.The stabilizer is ther:moved. (changingits angle of
attack) until the required tail lift is generated by the
stabilizer with the elevator essentially at zero de-

flection. A side effect of this.configyration is that .- .48

from the trimmed condition, full ¢levator defiec-
. -tion is-available in either, d:recnon -allowing a

muchlargerrangcofmneuvmngcapabmty This. - ;
- +is the configuration found:on-most: high-perfor-. -
- . mance airplanes that must operatethrough a very. -

-. wide:specd range and that use vexy powcrful hxgh-
lifc devices (ﬂaps) on the wmg. PRI

Knowmg that inthe mmmcd condmon thc eleva- .
tor is nearly faired or at zero deflection, the pilot

instantly knows how much control poweris avail-
able in either direction. This is a powerful tactile
cue, and it gives the pilot freedom to maneuver
without the danger of becoming too close to sur-
. face stops.

RIS

2.5.5.4 Lateral and Directional Acrody
Cons:derahons o e

Aerodynanucally. anu—symmcmc ﬂlght, or ﬂlght
in sideslip can be quite complex. The forces and
moments generated by the sideslip can affect mo-
tion in all three axes of the airplane. As will be
seen, sideslip can generate strong acrodynamic
rolling moments as well as yawing moments. In

. Aileron down

particular the magnitude of the coupled roll-due-

:to-sid_esﬁp'is'dete:'fmined-»by' several factors!’ -

2.554.1 Angle of Sidés!lp

- Jusrasalrplancangle of a:tackxsthcangle between

the longlmdmal axis-of the airplaric and’ the rela-
tive wind as seeniin a profile view; the’ sxdwhp
angle isthe anigle between the longitudinal axis of

: theairplane andihe retative wind; seenthistime in
theplan view-(Fig: 25). Itis'a measure of whether

the axrplane is ﬂymg straxghtmto therelauve wind.

With thc exccpuon of crosswmd]andmg consnder-
ations requiring ‘pilot-commanded snd&slxp, com-

‘mercial transport aitplanes:are typically flown at
~or very near zero-sideslip. This vsually restlts in

the lowest cruise drag and is most comfortable for
passengers, as thc sndcways forccs are mmmuzed

For those: cases-in. ~whxch1hc-p1[ot commands a

sideskip; the acrodynamic’ pictitre becomes a bit
thore-.complex: Figure 25 depicts an airplane in a

_ Aileron up

" Rudder deflected left
to hold sideslip angle

controlled" |

Figure 25
Angle of Sidestip
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 Figure 26
Wing Dihedral
Angle

commanded nose-left s:deshp That is; the veloc-
ity vector is not aligned with the longitudinal axis
of the airplane, and the relative wind is coming
from the px]ot s nght.

One purpose of the vemcal ta.ll isto kccp the nose:’
of the airplane ‘pointed intothe wind,” or make the

tail follow the. nose. When: a-sideslip-angle is -

dcveloped.. the vertical tail is at an angle of attack
.and generates “fift” that points sideways, tending

to return the airplane tozero sideslip. Commercial

jet transport airplanes are certificated. to. éxhibit..
.static directional stability that tends to return the .’
- airplane to zero sideslip when controls are released-

or.returned to aneutral position. Ivorder.tohold.a

sldcslxp condition, the pilot musthold the rudderin-
adeflected position (assuming symmetrical thrust).

| 2.5.5.4.2 Wing Dihedral Effects

~ Dibedral is the positive angle formed between the -

lateral axis of an airplane and a line that passes
through the center of the wing, as. depicted in
Figure 26. Dihedral contributes to the lateral sta-
bility of an airplane, and commercial jet transport
airplanes are certificated to exhibit static. lateral
stability. A wing with dihedral wilt develop stable
rolling moments with sideslip. Ifthe relative wind
comes from the side, the mngmto ‘the wmd is

~ subject to an increase in lift. The wing' away from

the wind is subject to. adecreascm angle of attack

and develops a decrease in- lift. The chang&cm lift .
effecta rollmg moment, tendmg to ratsﬂhc wmd— :
ward wing; hence, dihedral contributes a stable -
roll due to sideslip. Since wing dibedral is so-

powerful in producing lateral stability, it is used as
a “common denominator term” of the lateral sta-
bility contribution of other airplane components,

such as rudder and wing siveep. In other words, the -

ny and control.

term “dihedral effect” is used when describing the
effects of wing: sweep and nxdder on Jateral stabil-

1

o A swept-wmg dcs;gn used on jet uansport air-

planes is beneficial for high-speed: flight, since
“highet flight speeds may be obtained before vom-
. ponents of speed perpendicular tothe leading >dge

produce critical conditions on the wing: In other
words, wing sweep will delay the onset of com-

. pressibility effects. This wing sweep also contrib-
. utes to-the dihedral effect. When the swept-wing .
‘airplane is placed in-a sideslip; the wing into the

wind-expericnces-an increas¢ in lift, since the
effective sweepisless, andthe wing away from the

'wmdprodnces lesslift, since the effective sweepiis
greater.(Fig. 25). The amount of contribution, i’

dihedral. effect, depends: on -the amount. of

-sweepback -and lift coefficient of thc wing. The
effect becomes greater with increasing lift coeffi-

cient and wing sweep. The lift coefficient -vill
increase with increasing angle of attack-up to the
critical angle. This means that any sideslip results

:in-more rolling momenton a swept-wing airplane

than on a straight-wing airplane. Lateral controls
on swept-wing airplanes are powerful enough to
control large sideslip angles at operational speeds.

Rudder mput pmdum-ﬁdécﬁp and coritributes 1o

the dihedral effect. The effectis proportional to the

angle: of ‘sideslip. (That is; roll increases with
sideslip angle; therefore, roll increases with in-

-crgasing ruddér input.) When an airplane is at a

high angle of attack, aileron: and-spoiler roll con-
trols: become:less- effective. At the stall-angle of
attack, the rudderis still effective; therefore, it can
produce large sideslip angles, which in wrn pro:
duces roll because of the dihedral effect.

Dihedrél angle )

-

)




2.5.5 4.3 P)lot-Commanded Sldshp

Itis u‘nportant to keep in mmd that thc mdders on
modern jet transport mrplanes are usually sized to
g 'countcr the yawmg moment assocnated with an
engmc fmlureat very lowtakeoff speeds Thxs very
' poWerful ruddcr isalso capablc of genérating large
sxdcshps (whcn an engmﬂs fiot faxlcd) The large
sxdcshp angles; gencrate large rollmg moments that

require significant latcra! controf i mput to stop the.

’ 'an'planc from rolhng Inmancuvmngthcmrplane.

_if a crosswind takeoff ordanding is not involved

. and an engine i§ not failed, keeping the sxdeshp as

"close to zeroas possxble ensures that the maximum

amount-of latefal control'is available for maneu-

" vering. This requires c6ordinated use of both
aileron/spoilers and rudder in all maneuvering.

One way to detenmne the snd&shp state of the

axrplane isto “feel” the lateral acceleration; it feels

' as if the'pilot is being pushed out of the 'seat
sideways. Anothier way is to examine the shp-sk:d
indicator and keep the ball in the center. Pilots
-should develop a fee] for the parucular airplanes
they fly and understand how to minimize sideslip
anglc through coordinated use of flight controls.

’ _Crossover speed is a recently coined term that

describes the lateral controllability of an airplane
with the rudder at a fixed (up to maximum) deflec-
tion. It is the minimum speed (weight and configu-
ration dependent) in a 1-g flight, where maximum’
ailé'x‘on(spoﬂcr input (against the stops) is reached
and the wings are’ still level or at an angle to

* maintain directional control. Any additionat rud-

der input or decrease inspeed will result in an
unstoppable roll into the direction of the deflected
rudder or i an inability t&"maintain desired head-
ing. Crossover speed is very similar in concept to
" Vmea, except that ifstead of bcxng Vincductoa
.thrust. asymmetry, it.is Vmc due.to full rudder
input. This crossover “speed is w.exgb: and configu-
ration depcndcnt. However, it is also scnsmvc to
angle of attack. With weight and configuration
held constant, the crossover speed will increase

with increased angle of attack and will decrease

withdecreasedangle of attack. Thus, in an airplane
upset due to rudder deflection with large and

increasing bank angle and the nose rapidly falling.

below the horizon, the input of additional nose-up
elevator with already maximum input of aileron/
spoilers” will: only aggraVate the situation. The
correct action in this case is to unload the airplane

to reduce the angle of attack, which will’ rcgam
asleronlspoxlcr effccuvencss and allow rccmcry

This action may not be i intuitive > and will result in

a'loss of amtude i e -

Note The prevxous dxscuSsnon refers to thc aero-
dynamic effects associated with rudder input; how-
ever, snm!ar acrodynamic effects arc associated
with other surfaces e

2555 ngh-Speed, High-Alhtude

" Charactenshcs

Modcm commcrclal jet transport axrplancs are
designed to fly. at alnmdcs from sea levelto more
than 40,000 ft. There are considerable chang&s in

: atmosphcnc charactcnsues that take place over

that alntudc range, and the axrplanc must accom-
modatc those cbangcs P

Oné iterh of interest to p'ilots is the air temperature
as altitude changes. Up to the tropopause (36,089 ft

in a standard atmosphere), the standard tempera- .

ture decreases with altitude. Above the tropo-
pause, the standard temperature remains relatively
constant: 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 entire airplanes are significantly
affected by the ratio of the airspeed to the speed of
sound. That ratio is Mach number. At high alt-
tudes, large Mach numbers exist at relatively low
mlibrated airspeeds. : :

As Mach number i increases, airflow over parts of

' the airplane begins to exceed the speed of sound.

Shock waves associated with this local supersonic
flow can interfere: with' the normally smooth flow
over the lifting’ surfaccs. causmg local flow sepa-
ratior. Depending on the an'planc, as ‘thiis separa-
tion grows. in magmmde with'i mcrcasmg Mach
number, characteristics such s pitchup, pltchaown.
or acrodynamic buffcnng may occur. Transport
category airplanes are certificated to be free from
characteristics that would interfere with normal
piloting in the normal flight envelope and to be
safely controllable during inadvertentexceedances
of the normal envelope, as discussed in Section
2.5.4, “Aerodynamic Flight Envelope.” -

The point at which buffeting would be expected to
occur is documented in- the Approved Flight
Manual. The Buffet Boundary orCruxscManeuver

:CTION 2§
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come cuﬁéd and the airplané will accelerate to-

‘ward the earth quite rapidly. Ik this¢ase, the-pilot
must find a way to orient the lift vector away from
* gravity. Inall cases, the pilotshould ensure that the

angle of attack is below the'stall anglc and roll to

upright as rapldly as possxble

2.5:5.10 Direcﬁonal.Maneuveri.n.g'v". '

" Motion about the vertical axis is called “yaw”

" (Fig: 36). The character of the motion: about the

- vertical axis is determined by the balarice-of mo- _
" ments about the axis (around the centet of gravny) ;
The principal controller of acrodynamic moments’

" aboutthe vertical axis is therudder, bt itismot the

-only one. Moments about the vertical axis ¢an be

generated or affected by asymmetric thrust, or by
asymmetric drag (generated by ailerons, spoilers,

- asymmetric flaps, arid the like). These asymmetric

moments may be desired {désigned in) or unde-
sired (perhaps the result of some faﬂure)

Gencrally. the rudder is used to comrol yaw in a
way that minimizes the angle of sideslip, that is,
the angle between the airplane’s- longltudmal axis
and the relative wind: For example, when an en-
gine fails' on takeoff;, the object is to kccp the
axrplane ahgned with the runway by usmg ruddcr

On modern jet- transports with’ powerful €ngines
located away from the centerline, an engine failure
. can result in' very large yawing momments, and
" rudders are génerally sized to-be able to control

those' moments ‘down to very low speeds. This
means that the rudder is very powerful and has the
capability to generate very large yawing moments.

When the rest of the airplane is symmetric, for

example, in a condition of no engine fa:lure vety
large yawirig moments would resultin very large
sideslip angles and| largc structiralloads, should
.the pilotinput. full rudder when itis not needed.
- Pilots neqd to be aware of just how powcrﬁ:l the
" ruddet is and the effect it can have whex the rest of

" theaifplane i$ syimmetric. Many modemnairplanes -

limit the rudder authority in parts of the flight
envelope in which large deflections are niot re- .
quired, forexample, athxghspeeds Inthis way, the-
" supporting structure can be ‘made ligliter. Pilots
+also need to be'aware of such “rudder lumtmg"
systcms and how thcy Opcrate On axrp]anes

There are a few cases, however, whc_n it gs neces-
sary to gcnc'i‘étc sideslip. One of the most common
is the crosswind’ landing. In the slxp-to-a—landmg .
technique, simultaneous use of rudder and aileron/
spoiler aligns the alrplane ‘with the runway
centerline and at the same time keeps the airplane
from drifting downwind. The axrplane is flying

“sideways™ and the pllot feels the lateral
accelcrauon ;

Statxcstabmty in thcdu'ccuonal axis tends to drive -
the sideslip angle toward zero. The vertical ﬁn and
rtudder help to do this. The numbcr of timeés the
airplane ‘oscillates as. it returns o zero sideslip
depends on its dynamxc stabxhty Most of the
dynamic stability on a modern’ transport ‘comes,
not from the natural aerodynamxcs. but from an
active stablhty augmentauon system:” thc yaw
-damper. If disturbed with the yaw damper off, the
inertial and aerodynamic charactéristics 6f mod-
e ]Ct transport will result in a rolling and yawing
‘motion refen’edtoas“dutch roll.” The yawdamper
‘moves’ thc rudderto opposc ‘thiis motion and’ damp '
it out very effectively. Transport mrplancs are
certificated “to ‘demonstrate posmver d’amped
dutch-roll oscillations. ~ ' -

‘The mstalled systems that’ can dnve thc rudder
surfacc are typxcally designed in 2 hxemrchxca]
mannét. For examptc, the yaw dampcr typically
‘has: authonty to move the ruddcr in only a limited -
‘deflection range. Rudder tritn; seléctable by the
pilot; has authority to commiand much larger Tud- .
der deflecuons that may bé needed for engine
failure. In most cases, the pilot, with ménual con-
trol over rudder dcﬂectron, is the most powerful :
element in the system. “The pilot can command
deflection to the limits of the system, which may
be surface stops, actuator force hmits or any .

- othiers that' may be msta[led (e.g., mddcr ratio

changers).




The pilot must overco_me thasm'gnpe and quxcldy
shift into analysisiof whatthe ui'p!’annxs doingand
then implement the pis
" oftheairplane. amitﬁcnddmmuemdehmmate
'ftkecauseoftheuput B

o 2.6.2.2Negaﬁve G Force e
: Atﬂmc pilots: are- gprmaﬂy uncomfocfab}c with

_aggrcssxvely unloading-the g to:cc:m a;large
© . passenges.airpline; They: hahxmallyfwork kard at
' bemgvaysmoothmthdieconu'olspnd keepinga

: posmve Lig: force: to; ensure: {light;attendant and-’

. .passengee comfam ‘and: saf:zy; «Fherefore,: they
."m\xst overcome: this inhibition  when-faced-with
hztvmg to quickly dnd- smncnmes aggmsswcly-

. _.unload the sirplane- 1 to lcss dnn I;g by pushmg 4

fdownclcvator. S R

‘ Now'ltshoddnotnormallybenccmarytoobtmn
.. JessthanO g AT I L

While flight simulators can replicate ﬁo'r'mal flight
profiles, most simulators cannot replicate sus-
tained negative-g forces: Pilots must. anticipate a
significantly different cocKpitenvironment during
less-than-1-g situations. They-may. be floating up
against the seat belis and shou!dcr hamnesses. It
may be difficult to reach or usé rudder pedals if
- they are not.properly adjusted. Unsecured items’

such as flight kits, approach plates, or lunch trays ..~

may be flying around the cockpit, These are thmgs.

thiatthe pllot mustbe: pmpared for whcn recovmng al

' orstallnmfore,pﬂotsmnéibeprcpaxﬂmusc. .

full control auﬂmn&y, when necessary.. The ten-

dcncy is for pilots not to use ful! comrolauthonty. E
-because they rarcly arcreqmrpd o dathxs This. ‘| -
habit must be overcome when’ tecovenng t’mm.‘

séyere upsets.

S N
il kS

2.6.2.4 Counter-lntmtxve Factors T

leots are routmely tramed ;o recovcr fromi .'

. approach 1o stalls. The recovery usually requires

an increase in thrust and &telanvcly small reduc-..

tionin pitchattitude. Thcrcforc‘ itmay be counter-
intuitive to use greater: unloading conitrol forces or

toreduce thrust when recoverin gfromrahiganglc
of attack, especially at lower-altitudes. Ifdie air-.

plane is stalled -while alrcady in. a nose:down

attitude, the pilot must still -push dxenosc'down in
order to reducé the anglc of attack. Altxmdccannot :

-

be mamtamed and should. be of secondary
lmpoﬂance. £ K :
2625 Pre“ous Tmimng in-
Nonsimilar Airplaines

Acerodynamic: principles & not-change, but air-
plane. duxgxr credtes different: flight characteris-

. tics: Therefore,. trmmngandetpmcncegamcdm
one model or.type-of airplane may.or maymiot be' . - -
transfergble 10 another. For éxampie, the handling. - .
characteristics of & fighter-type airplane canriot be

assumed to be similar fo thoscofalargc;ecmmcr
cial, swept-wirig airplane. . .

2626 Potentml En‘ectson Engines. .

Some cxtreme: alrpianc upset situation may affect '
* engine performance, Large: ang]w -of attack can

reduce the flow of air into the engme and result in
engine surges.or-compressor:stalls. Additionally,

* large and 'rapid changes: in. sideslip ‘angles can
create excessive intemal-engine. sndc loads. which -

maydamageancngmc. gt
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Flight Simulator Information

: lGeneraI lnformatmn

......

Thc abxhty of thcsnmulators in: ex:stence' today to

. - adequately. replicate. the maneuvers being pro-
posed for airplane upset recovery training is an

important consideration. Concerns raised about
simulators . during the. creation of the Airplane
Upset Recovery Training Aidinclude the adequacy
of the hardware, the equations of motion, and the
acrodynaxmc modeling to provide realistic cues to
the flight crew during training at unusual attitudes.

.Jt-is possible that some simulators. in existence

- today may have flightinstruments,. visual systems
or-other hardware that will not replicate the full-

six-degree-of-freedom -movement of the airplane
that may be required during unusuat attitude train-
ing. It is jmportant that the capabilities of each
simulator be evaluated before attempting airplane
upset training and that simulator hardware and
software be. confirmed as compauble with the

training proposed.

Properly implemented equations of motion in
modern simulators are generally valid through the
full six-degree-of-freedom 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 upset training must be
confirmed 1o use equations of motion and math
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 also understand that simulators
- cannot fully replicate all flight characteristics. 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

aerodynamic’characteristics of the dirplane which
could result from control mput durmg certain
recovcry sxtuauons '

Thc lmportance of provxdmg feedback toa pﬂot
when control jnputs-would- have exceeded air-
frame, physiological, or similator- medel-limits
must be recognized and‘addressed. Some simula-

~tor operators have effectively used a simulator’s

“crash” mode to indicate: limits have been ex-

ceeded. Others have chosen to turn the:.visual

system red when given parameters have been ex-
ceeded. Simulator operators should work closely
with training departments in selecting the most
productive feedback method when selected pa-

rameters 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 any crew training, it

must be evaluated and qualified by a 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 ICAQ Manual of Criteria for the
Qualification of Flight Simulators. These flight

conditions represent airplane operation within the

normal operating envelope.

The simulation'may be extended to represent re-
gions outside the typical operating envelope using
wind tunnel data or other predictive methods.
However, flight data are not typically available for
conditions where flight testing would be very

hazardous. From an aerodynamic standpoint, the
. regimes of flight that are usually not fully vali-

dated with flight data are the stall region and the
region of high angle of attack with high sideslip
angle where there may be separated airflow over
the wing or empennage surfaces. While numerous
approaches to stall or stalls are flown on each

_ model (available 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, roll and
yaw rates-and sideslip angle are carefully con-
trolled during stall maneuvers to be near zero;
therefore, validationof derivatives involving these
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