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дitwоrk l0o
5/оиr Flying

Дim То develoP оп оиlоrелеss ofthe оеrоРlопеЪ hondling chorccteristics ot оЬпоrmоllу loll
oirspeedg опd to rеturп the оеrорlопе to о sofe flying speed.

1. Estoblishing Slow FlighцFlорs Up

Fast cruise slow cruise
0)

Exercise l0b
Stal l i ng

дim
То recognise the stall, and to rесочеr frоm it with а minimum loss

огаltitцdе.

considemtions

What is Stalling?
Streamline flow over the wings breaks down and becomes turbu-
lent when the critical (or stalling) angle ofattack is exceeded. This
cauýes:
. buffeting (shaking or shuddering) оf the аirГrаmе, felt thrоugh

the controls;
. а marked decrease in Hft, resulting in sinking;
. rearwмd movement of the centre of pressure (through

which the lift acts), resulting in the nose dropping;
. а marked drag increase.

Stalling wil1 оссur whenever the critical angle оf attack is

exceeded, irrespective оf airspeed. Тhе only way to recover is to

decrease thе angle оf attack (i.e. relax the back pressure andlor
move the control соlumп fоrwаrф.

50 knots,lAS 16'апglе
of attack

l Figure 1 ОЬ-1 Stolling оGсurs ot the criticol ongle of ottock

The pilot can increase the angle of attack (and reduce airspeed)

Ьу pulling the control соlumп back. This happens in many

manoeuvres such as:
. estaыisыng slow flight;
. turning (especially steep turns);

то maintain а slow сгчisе:

. Set роwег and attitude to maintain
height and aiгspeed.

NoTe The сопtгоls аге less effective at
low aiгspeed,

Дdd power to mоiпtоiп oirspeed
iп о low-sPeed turn.

when the

ofottock is

irresPective

ofoirýpeed.

Look out

np-, Level flight р-дJ

Ргасtisе gentle climbs, descents and tuгпs at а constant airspeed.

2. Recoyeringfrom Slow Fliфt
. lпсrеаsе powen
. Lower pitch attitude to maintain altitude.
. Adjust роwег as desired aiгspeed is аррrоасhеd.
. Тгim.

То adopt а s|ow cruise:

. Reduce powen

. Raise nose to rеduсе аirsрееd and
maintain height,

straight and level

60" banked steep turn Climbing

Repeot йе obove procedurewith flop extended
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. pulling out оf а dive; and

. landing.

Дsо, an upward gust оf wind encountering the wing will
increase its angle ofattack.

What ls Stalling Speed?
The basic stalling speed is considered to Ье the speed at which the
аеrорlапе stalls when it is at maximum weight, with the wings
'clean' (i.e. no flap) and flying straight and level with the power
removed. Тhе stall is made to оссur Ьу the pilot progressively rais-
ing the nose.

The basic stalling speed is called V51. It is published in the
РilоtЪ Operating Handbook and shown on the airspeed indicator
as the lower end оf the grееп arc. V51 for your aeroplane should Ье
memorised as it is а valuable guide.

Тhе stalling speed with full flap extended (at maximum weight,
straight and level, and idle power) is calledV56. It is also found in thе
РilоtЪ Operating Handbook and at the 1ower end оf the white аrс
on the airspeed indicator. Тhе V56 speed should also Ье memorised.

Vше
never-exceed speed

(maximum Speed for all
operations)

Vшо
mахimчm structural

cruiSing Speed
(for поrmаl operationS)

l Figure 10Ь-2 Colour coding оп the ASt

Тhе published stalling speeds аrе only а guide, since stalling
always happens at the same angle оf attack and not the same indi-
cated airspeed. Turns, pulling out оf dives and contaminated wing
surГaces (e.g. frost оr snow) wi1l increase the stalling speed; high
power and decreased weight will reduce it.

l

Vгв
maximum speed, {laps extended

Vso
stalling speed,
landing gear downI
flapS lowered,
роwеr off

Vsl
Stalling SpOФd,
landing goar uР
(if rеtrасtаЬlв),
flaps up, powa'

Ireot published stollln1

speeds os о guide опltA

controls ore less

пеоr йе stoll

using oilerons

леоr йе stoll

ЕfЪсt of the Flight Controls in the Stall
А reduced airflow over the controls will cause them to Ьесоmе
less effective as speed reduces and the stall is аррrоасhеd. Control
pressures will decrease and larger movements оf the elevator and
rudder will Ье required.

It is the main wing that stalls. Тhе fin and the tailplane remain
unstalled (Ьу design) so that during the stall the elevator and
rudder remain effective. The ailerons mау or mау not remain
effective during а stall, depending on the aeroplane ryре.

TheAilerons
А dropping wing can normally Ье 'picked-up'by moving the
control соlumп in the opposite direction. This causes the aileron
on the dropping wing to deflect downwards, increasing the angle
of attack, and producing more bft on that wing. If the wing is near
the stalling angle, the aileron deflection could cause the critical
angle to Ье exceeded on that wing and, instead оf rising, the loss
of Hft would cause the wing to drop further.'With any yaw, а spin
could develop.

Normal response

control column to right
but аirрlапе rolls Left

l Figure ? 0Ь-З Nеоr the stoll, use of oileron mоу not pick-up the wing

Тhе ailerons оп some mоrе rесепф desigTred aeroplanes are

effective right through the stall and their use, coordinated with
rudder, may Ье possible. This point should Ье fiscussed with уоur
flying instructor.

slow flight пеаr the ýtall
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The Rudder
Near the stall, any tendency fоr the аеrорlапе to
vented with opposite rudder.

yaw can Ье pre-

l Figure 10Ь-4 lf о wing droP is ехрегiепсеd during а stoll, further yow
mоу Ье prevented with opposite rudder

FtуЁпgйе /Y|onoeuyre

Stalling in Straight and LeveI Flight
Stalling is first practised in straight and level flight Ьу reducing
power and raising the nose to maintain height. Тhе angle of attack
wiП gradually increase.
'W'arnings оf an impending stall include:
. а reducing airspeed and air noise level, decreasing сопtrоl

effectiveness and а'sloppy' feel;
. operation of а pre-stall warning (such as а hоrп, Ьuzzец light

or whisde);
. the onset of buffet, felt in the аirгrаmе and through the con-

trol соlumп;
. а Ыgh nose attitude fоr the mапоеuчrе being flown.

Тhе actual stall mау Ье recogrrised Ьу:. the nose and/or the wing dropping (caused Ьу thе centre of
рrеssurе moving rearwards);

. а high sink rate.

Stoll Rесочелу
То recover frоm а stall rеduсе the angle of attack Ьу moving the
control column centrally fоrwаrd (releasing the back р..rrrr..Ъ"у
Ье sufficient) until the Ьu{Ъt оr stall warning stops.

Once the wings are unstalled buffeting ceases, the airspeed
increases, and the аеrорlапе can Ье eased out оf the slight dive
back into normal flight. Тhе altitude loss will Ье of the brder of
200 гt. Power can Ье added to regain оr maintain altitude, other-
wise flying speed should Ье maintained in а glide.

Stol/ rесочеrу requircr

decreosing the ongle of
ottock

1тз

during о stoll

wiф
powen

о secondory

о stoll recovery.

Дtitude loss during the stall can Ье minimised with роwеr.
Adding power is not required to recover frоm the stall; however,
altitude loss wi1l Ье minimised if full power is applied as the con-
trol соlumп is moved centrally forward (back pressure is released)

and the nose is lоwеrеd. Recovery can Ье achieved with а altitude
loss of less than 50 ft.

Recovery Without power

l Гýurе 10Ь-5 Stollondrecovery ottitudes

Resume поrmаl flight

After Stalling
Following stall recovery, ease thе аеrорlапе into поrmаl flight Ьу
gently raising the nose and applying po-wer as the nose passes

through the horizon.
Тhе inertia оf an аеrорlапе causes it to fоllо\м thе original flight-

раЙ fоr а Ыief time Ьеfоrе the change in attitude and resulting
change in fоrсеs move it into а new flightpath. P1,lling thе nose up
too sharply during the stall rесочеry mау not give thе aeroplane tiTne

enough to react and ease out оf thе dive,but may merely increase the
angle ofattack beyond thе stalling angle again.A secondary stall will
Ье induced, and а second rесочеry from thе stall will Ье necessary.

lnitial stall

Rесочеrу

Attempted pull-up;
Secondary Stall

Successful recovery

Figure 10Ь-6 Roising the nose too shorply during rесочеrу mоу iпdчсе

о secondory stoll
l
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Stalling with Flap Extended'Whcn 
the trailing-edge flaps аrе loweredn the angle оf incidence

is increased, which allows а lower nose attitude fоr the same angle
оf attack. This allows the аеrорlапе to fly at а slower speed with а
lower nose attitude. In addition, flap extension increases саmЬеr
апdlоr wing area, which lowers the stell speed.The stal1 with flap
extended will оссur with а muсh lower nose attitude and а lower
airspced than when the wings аrе clean.'With firll fap extended
on an аррrоасh to land, fоr instance, the stall could occur with the
nose wеп below the horizon.

stalled attitude
(nose-high)

l Fцчrе 10Ь-7 Тhе cleon stoll

l Fýure 70Ь-В The pitch ottitude in о flopped storr- поsе rnuch lоwеr

Аirmопshiр
Unexpected stalls should печеr оссчr.

Саrry out the ндsвrr check фаgе 175) рriоr to practising stalls
and stall rесочсrу.

Ехеrt smooth, but firm and positive сопtrоl очеr thc aeroplane.
Ве particularly conscious оf апу other аirсrаft in the vicinity,

уоur height above ground level and the area очеr which you are
flying, Епsurе that stalling is опlу practised at altitude. Note land-
marks and the direction to the airfield. Maintain а high vbual
awareness.
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The Plъ-Aerobotic HASELI ChecНist
Stalling is the first аеrоЬаtiс-фре mапоеuчIе that you will
реrГоrm.

Prior to doing any aerobatics, it is usual to саrry out а series оГ
checks to ensure safe operation. The РilоtЪ Operating Handbook
will contain а suitаЫе check covering items such as those in the
HAsELL check below. The items it contains start with these letters.

Неiфt
Sulflcient to recover Ьу З,000 ft obove ground level.

Дirfrоmе
Flops опd lопdiпg gеоr os desrred, brckes off iп trim,

seCUrity
hotches опd hоrпеssеs secure;

- no /oose oпicles iп the cockpit (e,g flre extinguisherý tie-down i<ts, etc.);

- gyros coged (lf песеssсф,

Engine
п о rmа l епýп е ор erotion:

- [ue/ contents cnd se/ectlon checked (fuilest tcnk seiected, fuel pump оп if
оррrорiоtе);
Mixture опd corburettor heot cs requlred,

Locotioл sotisfoctor}.

- owoy from controlled oirspoce, towns, cctlve cerodromes опd other

oircroft, опd rn vlsuci condltlons,

Look out
- moke оп inspectlon turп (usually 1 В0", or 2 х 90") to ciecr the

oreo оrоuпd опd below you. Begln the mопоечvrе immediotely оп

соmрlеtiоп of the cleoring turп,

NOTE Realign the direction indicator with the magnetic compass
once thе manoeuvre is completed.

Аirrпапshф is печеr

ollowing о stoll to devcloP

inodvertently -
but knowing how to

rccover,J'Ust in cose.
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Ihe Stcndord Stc// cnd Rесоvегy Рrосеdurе

Дim То stoll the оеrорlопе fully опd thеп recover with о miпimum /oss of o/titude.

1 Prior to Entry

Рrе-аеrоЬаtiс check (see also expanded
чеrsiоп on previous page):

l,| - Height sufflcient to rесочеr Ьу
З,000 ft agl.

А - Аir-fгаmе (flaps AS DEsIRED, in trim),

S - Sесuгitу:
hatches and hагпеssеs sесurе;
no loose aгticles;
gугоs сAGED (if applicable),

Е - Engine:
ореrаtiпg погmаllу;
fuel contents and selection checked;
miхtuге and сагьuгеttог heat as
rеquirеd,

L Locationsatisfactoгy,

L - Look out: сlеагiпg turп to check fоr
any оthеr аirсrаft.

Begin the mапоеuvrе as soon as аrеа is

clear:

2.

3.

During the stc// use rudder
опlу to рrеVепt furthеr yow,

proctbe stolls iп yorious

confgurotions:

Сlеоп,Роwеr off
Оеоп,Роwеr оп

Flopped,power off
Flopped,power оп

СlimЬiпg descending опd turning

Look out спd
сlеоr the оrео,

SLOW FL|GHT AND Sтлl l

Stoll Entry
РоWеr оtF - throttle CLOSED
(сагЬu rеttоr heat НоТ),

Ргечепt yaw and maintain balance
with гudder:

Maintain height with elevator:

Continue bringing сопtrоl column
fully back,

Symptoms of оп Дррrоосhiпg
Stoll
Dесгеаsiпg airspeed and noise level

сопtгоls less flгm and less effective,

Рге-stаll waгning (light, hоrп оr
buzzer),

Shuddering аir^Ггаmе.

А гelatively high nose-up attitude.

дirwоrk 10Ь
4о Stoll Rесочелу without Роwеr
. Move the control column сепtrаllу fоrwаrd to unstall the wings,

r Рrечепt yaw ог furthеr yaw with гudder:

. Level wings with аilеrоп if песеssагу.

. Attain safe flying speed.

. Resume поrmаl flight and rеgаiп altitude as rеqчiгеd,

Height loss approximately 200 to З00 ft,

4Ь. Stondord Stoll Rесочеrу with Power (SSR)

к

Move the сопtrоI column сепtгаllу fоrwаrd to unstall the wings.

Add full роwег - throttle smoothly FuLLy opEN (сагЬ heat corD).

Рrечепt yaw оr furthег yaw with гudder:

Level wings with аilеrоп if песеssаrу

Attain safe flying speed and геgаiп altitude.

the wing not drор at the point of stall, maintain аiгсrаft Ьаlапсе оп
ication of роwеr with rudder:

loss арргохimаtеlу 50 ft.

a

a

t

t

l

Recognfse the осtчоl stolh
. nose dгор
. sink гаtе
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уоп'оtiопs оп the Basic stoll

Recovery at the lncipient Stall Stage
The term incipient stall means the beginning stages of а stall. It
precedes the actual stall. If ever an unwanted stall appears immi-
nent, then rесочеr at the incipient stage. This is especially appli-
саЬlе if the аеrорlапе is near the ground, say during take-off,
approach to land, going around or low-level flying.

The recovery frоm an incipient stall is simply:
. mоче the control column centrally forward (relaxing the

back pressure may Ье sufficient); and simultaneously
. apply power smootЫy; and
. uýe the controls normally (i.e. the ailerons), since the wing is

not stalled.

Recovery from an lncipient Spin
The incipient spin (i.e the initial stages of а spin) generally mау Ье
said to Ье the point at which thе wing has dropped оr flicked Ьу
mоrе than 45О of undemanded rоl1 and autorotated up to one
complete rotation; beyond this point а full spin can Ье considered
to Ье developing.

Тhе incipient spin recovery action is to:
. centralise thе control соlчmп and rudder.

Whеп the rotation has stopped:
. level the wings with aileron;
. аррlу full роwеr and regain lost altitude.

NOTE If the nose is significantly below the horizon:
. close the throttle;
. centralise control column and rudder when the rotation has

stopped;
. 1ечеl the wings with aileron;
. ease out of the dive;
. apply full power when the nose has pitched above the horizon.

If the rotation does not stop immediately, initiate fu1l spin rесоч-
еry action - see Exercise 11Ь.

Wing Surface
If ice, frost, insects оr апу other contaminant is on а wing оr if the
wing is damaged (especially its upper leading edge), the airflow
could Ьесоmе turbulent at а lesser angle оf attack than поrmаl.
Stalling will then оссur sоопеr and at а higher airspeed. Always
check the surface condition of the wings (especially the uрреr
leading edges) in your pre-flight inspection.

Rесочеr immediotely ot

frst sф ofon
stoli

сопtоmiпоtеd or

wiлgs incleose stolllnt

speed.

ýpeed incfeoses in

mопоеuуrеs.

stolls - ot о

ling speed thon

опd level - соп

with the hфеr
in monoeuyres

such os turns.

flop lowers the

опd offecB

Stalls during Manoeuvres
То turn or pull out of а dive, the wings must produce mоrе lift.
This is achieved Ьу the pilot using back pressure оп thе control
column to increase the angle оf attack. Тhе relative air flow strik-
ing the wings at а greater angle causes the stalling angle to Ье
rеасhеd at а higher indicated airspeed. Fоr example, the stalling
speed increasesby 7% at 30О bank angle and Ъу 40% when pulling
29 tп а 60" banked turn or dive recovery.

l Frgure 10Ь-9 lncreosed wing looding (g-foctor) meons iпсrеоsеd
stoll speed

You can physically recognise an increased load fасtоr Ьу thе
increased g-loading, so any time уоur арраrепt tueight is increased
in manoeuvres, the stall speed is increased.

'When 
the aeroplane approaches а stall in manoeuvres (say in а

steep turn оr pulling оut оf а dive), releasing back pressure is usu-
ally sufiicient to prevent the stall occurring.

Stalling iп аТчrп
Back pressure on the control column increases the angle of attack
and mау cause а stall. Since the load fасtоr is increased in а turп,
the stall will occur at а higher speed than in straight and level flight
- Ьу how much depends on the g-loading. Stalls at а higher speed
than normal are called accelerated stalls.

Follow the standard recovery of moving the control соlumп
centrally forward (relaxing the back pressure mау Ье sufficient),
and whеп the wings are unstalled, use coordinated rudder and
ai]erons to ro1l the wings level. Аррlу роwеr as required and
resume the desired flightpath.

The Effect of Flaps
Тhе stall with flaps extended will differ somewhat frоm the clean
stall. Fоr а start, flaps increase the lifting capability оf the wings,
allowing the required lift to Ье generated at а lower speed. Thechorocteristics.
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stalling speed will Ье lower. Тhе increased drag will cause the аеr-
oplane to decelerate mоrе rapidly when power is reduced and the
lower speed mау make the controls feel very'sloppy'. Дsо, the
changed distribution оf lift on the wings mау cause а greater ten-
dency fоr а wing to drор.

With flaps extended, the nose attitude will Ье lower in еасh
phase оf flight, therefore stalling will оссur at а lower pitch atti-
tude than when'clean'.

The recovery frоm а staП with flaps extended is standard.Дti-
tude loss can Ье minimised Ьу applying full power as the control
column is moved centrally forward, but Ье prepared to hold fоr-
ward pressure on the control соlumп so that the nose does not rise
too fаr with the strong pitch-up moment that full power pro-
duces. Do not use ailerons to rо11 the wings level until the wings
are unstalled. If fuП flap is used, а climb-away mау Ье di{ficult
unless some flap is raised once а safe speed is attained.

Stalling оп Final Approach
Initiate а rесочеry immediately you suspect an impending stall on
аррrоасh to land. Lower the nose and аррlу роwеr to minimise
height loss.

It is worthwhile practising the developed stall in the аррrоасh
configuration at 

'titude 
so as to famfiarise yourself with it. This

should еIБurе that you never allow а stall to оссur near the ground.
А situation in which а stall might оссur could Ье an аррrоасh

that has got out оf hand: for bxample, full flap extended and а ten-
dency to undershoot, with the pilot raising the nose (instead оf
adding power). Тhе airspeed will decrease and the undershoot
will worsen. If the pilot continues to pull the control соlцmп
back, а stall could oicur. With full flap Ъпd possibly high pbwer
applied, the stall could Ье fаiф sudden and with а wing drоР

Тhе standard recovery technique would Ье used. Тhе control
column may have to Ье moved well forward to unstall the wings,
and care should Ье taken to avoid using ailerons until the wing is
unstalled. Тhе substantial drag frоm full flap mау make а climb-
away difficult; gain speed in level flight or а slight climb, reduce
the flap in stages and then climb away as desired.

роwероп stalls
With power on, the propeller creates а slipstream over the inner
sections оf the wings which may delay the stall. This will оссur at

а higher nose position. The slipstream makes thе elevator and
rudder mоrе efъctive, but not the ailerons. The increased airflow
mау delay the sta1l on thе inner sections of the wing - the stall
occurring first on the outer sections, реrhарs leading to а greater
wing-dropping tendency. Standard rесочеry technique is used,

SLOW FL|GHT AND STAL[ lNg

Do not stoll on

fiпоl opprooch.

Neyer о//оw о stcll to

пеоr the ground.

power decreoses

the stolling speed.

ýpeed decreoseý cs
welght decreoses.

сепtrе of grоviц
the stolling

speed.

any further yaw being prevented with opposite rudder to prevent
а spin developing.

l Figure 10Ь-10 Povler гeducesstollingspeed

The Efrect ofWeight
Тhе lighter the aeroplane is, the less lift the wings must generate
fоr straight and level flight, and so the smaller the required angle
оf attack at а given speed. Тhеrеfоrе а light aeroplane can Ье
flown at а slower airspeed Ьеfоrе the stalling angle оf attack is
reached.

72 kпоtз

l Fфurе 10Ь-1 1 Stalling ýpeed iý less ot lower wеiфts

Centre of Gravity Position
In mапу aircraft, thе tailplane generates а small downward force to
balance thе fочr main fоrсеs and prevent the aeroplane pitching.
Тhе lift frоm the main wings in straight and level flight wi1l there-
fоrе have to support both the weight and this downward aerody-
namic fоrсе on the tail.

Greater
Weightt
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The position of йе CG Ь
shown и diogroms wiй
о cent/oid sуmЬоr: О

l Flgure 10Ь-12 The forces strоiфt ond leyel

The further fоrwаrd the CG, the greater the downward tail-
plane force and so the greater is the lift required frоm the main
wings. This requires а greater angle оf attack at а given airspeed,
therefore the stalling angle will Ье reached at а higher airspeed.
TЫs is one very good reason why the aeroplane must Ье соrrесdу
loaded with the CG within approved limiв.

SLOW FLlGHT AND STALL|Ne

Exercise l l а
lncipient Spins

дim
То recognise the onset of а spin and rесочеr Ьеfоrе а full spin
develops.

considelutions
Incipient spin means the beginning оr onset оf а spin. It is, if you
like, а recovery frоm а spin Ьеfоrе the spin actually occurs - with
а minimum loss оf height.

'W'hile spinning is not permitted in mапу training aeroplanes,
the incipient spin is. Recovery should Ье made Ьеfоrе the wings
go through а bank angle exceeding 90О.

Frуrпg the Мопоечуlе
An incipient spin can Ье induced from almost any flight condi-
tions Ьу:
. flying slowly, continually Ыinging the control column back

and then, when almost at the stall, applying rudder to generate
yaw in the desired spin direction; or

. entering а shallow climbing or level turn (10-15О оfЬапk) with
а litde power to the point of the stall, which will frеquепф
ensure an incipient spin in the opposite direction оf the turп.

NOTE Тurпs should normally Ье to the right with right-hand
turning propellers and vice versa.

То recover frоm en incipient spin, simultaneously:
. mоче the control соlчmп to the central position (while

keeping the ailerons neutral and holding the rudder central).
'W'hen the rotation has stopped:
. level the wings with coordinated use of ailerons and rudder;

and
. apply maximum роwеr and regain altimde (see note below).

NOTE If the nose has dropped steeply below the horizon, close
the thюtdе, mоче the control соlumп to the central position, hold
ailerons and rudder neutral, and when the rotation has stopped,level
the wings, ease out of the dive and regain lost altitude with power.
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The lпсiрiепt Spin

Дim То rесоgлisе фе onset ofo spin опd rесоvеr before о flull spin develops.

1. То lпdчсе оп lncipient Spin
. Flу slowly app|ying ргоgrеssiче back ргеssчге, maintaining altitude as the speed

rеduсеs.
. Just рriогtо the stall, apply гчddег in the desired spin direction.

2. Recovery Рrосеdчrе

As the spin commences, simultaneously:

. move the сопtrоl column to the сепtгаl position (sufficient to unstall the wings); and

. centгalise the rudder:

When the rоtаtiоп has stopped (аilегопs and ruddег held in пеutгаl position):

. level the wings with cooгdrnated use of аilегопs and ruddег; and

. apply maximum роwег and геgаiп altitude (see note below).

NoTB lf the поsе has dгорреd steeply below the horizon, close the throttle, move the
сопtrоl соlчmп to the сепtгаI position(aileгons and гчddеr held пеutгаl),Whеп гotation
has stopped, |evel the wings, ease out of the dive, then regain lost altitude with power:

Exercise l 1Ь

FuIl Spins

дim
То enter, maintain and recover from а fully-developed
(provided it is an approved manoeuvre fоr the aeroplane).

NOTE This exercise is not mandatory.

considerotions

What is а Developed Spin?
А spin is а condition оf stalled
flight in which the aeroplane
describes а spiral descent.

As well as the aeroplane
being in а stalled condition,
one wing is producing mоrе
lift than the оthеr (caused Ьу а

ro1l at low speed). Grеаtеr drag
frоm the staПed lоwеr wing
results in further yaw, further
rol1, etc., etc. Pitching of the
nose mау also оссur.

Тhе аеrорlапе is in motion
about all three axes. In other
words, lots оf things are hap-
pening!

ln а spin, thе aeroplane is:
. stalled;
. rollingi
. yawing;
. pitching;
. sideslipping; and
. rapidly losing height, even

though the airspeed mау
not Ье increasing.

NOTE In а developed spin the
aircraft is also acting as а gyro-
scope. Тhеrеfоrе mass distribu-
tion will have an effect on the
fоrm the spin takes and hоw
easily it will recover.

spin

Weight

l Figure 11Ь-1 Тhе sрiп
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In а spin the wings will not рrоduсе much lift, since they are
stalled. The aeroplane will accelerate downwards until it reaches
а vertical rate ofdescent whеrе the grеаф increased drag balances
the weight. Тhе height loss will Ье rapid as the aeroplane spins
downwards about the vertical spin axis.

Characteristics оf а developed spin include а low indicated air-
speed (wЫсh does not increase until recovery action is initiated)
and а Ыgh rate of descent. А йtаl part оf the spin rесочеry is to
unstall the wings Ьу mойпg the conгol column centrally for-ward
(wЫch reduces the angle оf attack), and to build up flying speed.

Spin Rototion
If the аеrорlапе adopts а higher nose attitude and the spin flattens:. the rate of rotation will decrease; and. the rate of descent rмill rеduсе (due to increased drag from

the higher angle ofattack).

А spinning ice-skater moves her arms in and out from her body
to alter the rate ог rotation. The same еfгесt occurs in an aero-
plane. In а steep nose-down attitude, the mass оf the aeroplane is
close to the spin axis and thе rate of rotation Ь high. If the spin
flattens, some of the аеrорlапеЪ mass is distributed further from
the spin axis and the rate ofrotation decreases.

l Figurе 11Ь-2 Д steep spin (left) опd о flot sPin

If the nose pitches up and down in the spin, the rate оf rotation
will vary - becoming slower when the spin is flatter and faster
when thе nose position is steeper. Since the nose is purposely

Д well-flown sрiп will
not stress о properly

certфcoted ое ropl оп е о пу

mоrе thon о поrmоl stoll,

Ihе flotness ofthe sрiл

determines the rote
of rototion.
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not confuse о sPin

with о sPirol dive

(not stolled).

Phose is scid
to begin when on

uпсоmmопdеd

oded) yow опd

ot the point of
опd сап lost from
еуеп UP to three,

rototions.

lowered in the recovery Гrоm а spin, you can expect а temporary
increase in the rate оf rotation until the recovery is complete.

А rearrмard CG will епсоurаgе а flatter spin and it will Ье

more difiicult to lower the nose in thе recovery. This is one (very

important) reason fоr ensuring that you never fly an aeroplane

loaded outside its approved weight and balance limits.
Conversely, а forward CG normally results in а steeper spin with

а Ыghеr rate of descent and а Ыghеr rate оf rotation. It mау make

rесочеry muсh easier and, in fасt, may ечеп prevent а Spin occurring.

Spiral Dives
А manoeuvre that must not Ье confused with а spin is the spiral
dive, which сап Ье thought оf as а steep turn that has gone wrong.
In а spiral dive the nose attitude is low, the wing is not stalled, the
airspeed is high and rapidly increasing and the rate оf descent is
Ыgh. Because the wing is not stalled, thеrе is no need, in thе
recovery frоm а spiral dive, to move the nose forward. Spiral dives

are considered in Section 15 onAdvancedTurning.

Practising Spins
During your first spin, you will рrоЬаЬlу Ье а Httle overcome Ьу
the sensations and not rеаllу know ехасф what is happening.
After а few practice spins, however, you will Ьесоmе reasonably
соmfоrtаые and the whole manoeuvre will seem to slow down
enough for you to recognise the characteristics, count thе turns,
recognise landmarks and so оп.

l Flgurе 1 1Ь-З Thespin os you firýt ýее it, ond os you WiIl see it'

TheThree Stages in а Spin Manoeuvre
Тhе spin manoeuvre can Ье considered in three stages:

l. Тhе incipient spin (or the beginning оf the spin), which is an

unsteady manoeuvre in which the entry path оf the aeroplane
is combined with а рhепоmепоп called autorotation.

2. The fully developed spin, in wЫсh thе aeroplane has setded

into а comparatively steady rate оf rotation and а steady rate оf
descent at а low airspeed and а high angle ofattack. Gyroscopic
forces will now Ье stablilised.
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3. The rесочеry from а spin, initiated Ьу the pilot who:
- opposes the rotation with rudder;* unstalls the wings with fоrwаrd control column;
- centralising аП controls when the spin stops; and
- eases out оf the ensuing dive.

How а Spin Develops
А spin is а condition оf stalled flight, so the first prerequisite is that
thе wings Ье at а high angle оf attack. This is ."ъi.r,.J Ьу moving
the control column progressively back, as in а normal stall entryl

А wing drop is essential to enter а spin and йis mау оссur Ьу iBelf
or (mоrе likеф Ье induced Ьу the pilot yawing the aeroplane with
rudder or'misusing'the аilеюпs just prior to the аеrорlапЪ stalling.

Autorotation will commence through the diopping *йg
becoming further stalled, with а consequent dесrеай-iп iiгt 

".rJincrease in drag. Тhе аеrорlапе wi1l rol1, а sideslip will develop
and the nose wiп drop. Iгпо corrective action is tаЁеп, the rate оf
rotation will increase and а spin will develop. It will Ье an
unsteady mапоеuчrе with the aeroplane appearing to Ье very
nose-down. Тhе rate oГrotation may increase quite quicНy and
the pilot will experience а change оf g-loading.

Ап aeroplane will not usually go straight frоm the stall into а
spin. Тhеrе is usually а transition реriоd which may vary frоm
aeroplane to aeroplane, typically taking two or thrее turns in the
unsteadY and steeP autorotation mode, Ьеfоrе Settling into а fully-
developed and stable spin.

\
\
\
\
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\
\\
\

\\\
t

l Frgure 11Ь-4 The аеrорlопе iп о spin

Relative airflow

control Wheel to right
but aeroplane rоlls left

Misuse of o/erons

соп couse о spin.

mоу destcbilbe оп

оеrоРlопе before

опd during о sPin.

should Ье roised

fоr sPinning.

usuol to enter о spin

with rudder to

о low-sPeed roll

just prior to the stoll

Misuse ofAilerons
Trying to raise а dropped wing with opposite aileron mау have the
reverse effect when the aeroplane is near the stall. If, as the aileron
goes down, thе stalling angle of attack is exceeded, instead оf the

wing rising it mау drop quicНy, resulting in а spin. This is the spin
entry technique on some aircraft types.

l Flgure 11Ь-5 lпdчсiпg о spin with opposite oileron

use of power
At the incipient (еаrф stage оf а stall, having power on mау cause

а greater tendency fоr а wing to drop, which could lead to а spin.

Once the aeroplane is in а spin, роwеr mау destabilise it as the slip-
stream will tend to flow across the outer w,ing, increasing its lift and

сопsеquепф increasing the rate of rоll. If роwеr is applied, the

entire spin manoeuvтe mау Ье speeded up оr flatten and slow down.
It is essential, therefore, to remove power Ьу closing the throttle

either Ьеfоrе or during the spin recovery.

Flaps
Тhе flaps tend to decrease the control efbctiveness оf the elevator
and rudder and so should Ье raised either before or during the
spin recovery. Fоr many aircraft, practising spinning with flaps

down is not permitted, since the aerodynamic loads оп the flap
structure mау cause structural failure.

Flyingthe Мопоечуrе

Entering а Spin
About 5 to 10 kt prior to the aeroplane stalling, with the control
column being progressively moved fully back, а smooth and {irm
large-scale deflection оf the rudder will speed up one wing and
cause it to generate mоrе lift. Тhе аеюрlапе will begin to ro1l and

а spin will develop.
Тhе spin entry mау require full travel оf the rudder. If the left

rudder pedal is pushed fully forward, the aeroplane will yaw and

ro11 to the left and а spin to the lеft will develop. Ifthe right rudder
is pushed fully forward, the aeroplane will yaw and rоll to the right
and а spin to thе right will develop.



Maintaining the Sрiп
То allow а steady spin to develop and continue:. hold the control column fullу back;. hold on full rudder;
. keep ailerons neutral.

Recognition of а Spin
you can recognise а spin Ьу the following characteristics:. а steep nose-down attitude;
. continuous rotation;
. buffeting фоssiЬlу);. an almost constant low airspeed;
. а rapid loss ofheight at а steady rate ofdescent.

тhе gyroscopes may topple in а spin, so information frоm the
attitude indicator will Ье of no value. Some aircraft have gyro-
scopic instruments (e.g. the AI) which should Ье caged (locked)
prior to performing any aerobatic mапоеuчrе in оrdеr to protect
them.

Note: lп mопу oircroft
reloxing of rudder or
e/evotor pressures durin1

the mопоечvrе mоу iпdu1
о high rototional spin,

The turп coordinotor is the

best clue to sрiп directlon,

Altimeter
altitu de d ecre as i пg rap id ly

ж

ж
vertical speed indicator

high rate of descent

ýрiп

Attitude indicator
toppled апd useless

жW

ж
Heading indicator
toppled апd useless

fliфt instruments iп о

Airspeed indicator
low airspeed

ж

ж
тчrп coordinator

uпrеliаьlе

l Figure 11Ь-6 The

The precise spin recovery depends on the spin direction. In
practice, оf course, you will know thе direction оf the spin that
you have induced. In an iпзdчеrtепt spin, however, wБеrе thе
direction оf spin mау not Ье obvious, it can Ье obtained from the
turп coordinator indicating left оr right. Рау no attention to thе
balance ball in а Spin.Your outside view оf the ground may also
assist you, but the turn coordinator is the best clue to spin direc-
tion.

Fuli Splns

cAUTloM
consult the Рilоtъ

Handbook for
aircroft цре prior to

os the spin entry

rесоуеrу techniques

mоу поt Ье stondcrd

is knowing how

recover from о spin,

йough you mоy never

hоvе to do it

Standard Spin Recovery
Тhе technique is:
. check throttle closed and flaps up;

verifr direction of spin on the turn coordinator;
apply full opposite rudder;
pauýe (to allow the rudder to Ьесоmе effective and stop the
yaw, which turns а stall into а spin);

. rnоче the control column centrally forward to unstall the

wings (fu1l forward if necessary);
as soon as the rotation ýtops, centralise the ruddеr (it may
take one, t!чо оr mоrе complete turns for the rotation to stop);

level the wings and ease out оf the ensuing dive;
as the nose comes чр through the horizon add power and
climb to regain height.

In the process оf unstalling the wings, thе nose attitude will
become steeper and the mass of the aeroplane will mоче closer to
the spin axis. Тhе result may Ье а noticeable iпсrеаsе in the rate

оf rotation just Ьеfоrе recovery.

Дirmапshф
Ensure that your aeIoplane is certified fоr spins and that weight
and balance aspects аrе correct.

Ensure that you know thе correct spin recovery technique for
your aeroplane rуре (found in the РilоtЪ Operating Handbook).

Тhе spin is an aerobatic manoeuvre and so the pre-aerobatic
HAsElL check should Ье реrГоrmеd рriоr to practising. А proper
aerobatic harness should Ье wоrп. А thorough lookout is essential

as а spin and recovery will consume а lot оf height фossibly 500 ft

реr rotation). Соmmепсе your practice at а height plus an allow-
ance that will allow you to fully recover before 3,000 ft agl-

Exert {irm control over the spin entry and rесочеrу. You
should fly the аеrорlапе - not vice versa.

Moving уоur head during а spin can cause severe disorienta-
tion - it iib.tter to just -о* уоr. eyes to check iпsidё and out-
side the aircraft.

Never spin inadvertently! 
'W-hen climbing away аftеr еасh spin

rесочеry reorientate yourself using familiar landmarks.



дitwоrk l lb
Ful/ Spins

дim То enter,mointoin опd recover frоm о futly deve/oped sри
(provided thot it js ап opproved mопоеччrе for the оеrоРlапе).

NoTe FulI гесоVегу fгоm the spin should Ье made Ьеfоге З,ОOО ft agl,

2. lnducing о Spin
Normal stall епtrу:

Роwеr ОFF (саrЬ heat НОт),

Malntain altitude with iпсгеаsiпg сопtгоl back
рrеssurе, wings level, balance with rudden

Just prior to stall:
. Smoothly арр|у full гuddег iп desired diгection of

spin.

Hold сопtгоl column fully back.

Mointoining the Spin
Сопtгоl column fully back.

Full ruddеr in direction of spin.

Hold аilегопs печtгаI.

Rесочелу frоm the Spin
Throttle cLosED (check flaps uB),

Аilеrопs печtгаl,

Сопflrm spin dirесtiоп оп tчгп соогdiпаtоп
Apply full opposite rudder:

3.

Toke-off into wiпd

ifpossible.

Exercise l2
standaгdTake-off and climb to
Downwind Leg

дim
То take off into wind and climb out in the circuit pattern to
downwind leg.

considelutions
This manoeuvre involves:
. flying the aeroplane offthe ground and clearing any obstacles;
. а climb to circuit altitude; and
. positioning the аеrорlапе on downwind leg.

TheTake-Off
During the take-off, thе aeroplane must Ье accelerated to an air-
speed at which it is сараЫе of flying. Having а headwind соmро-
nent on а runway'gives'you airspeed even before you have started

rolling. Fоr example, а 10 knot headwind component gives you
10 kt ofairspeed over and above the groundspeed on take-off.

Taking offinto wind is good airmanship because it gives:
. the shortest ground run;

the lowest groundspeed for the required take-offairspeed;
the best directional control, especially at the start of the ground
run, when there is not much airflow over the control surГасеs;

no side forces on the undercarriage (as in а crosswind);
the best obstacle сlеаrапсе because ofthe shorter ground run
and the steeper flightpath over ground;
the best position in the climb-out frоm which to make an

into-wind landing streight ahead (or slight$ to one'side) in the

case оf engine failure immediately after tаkе-оfГ.

4.

Дррlуiпg power

ty.hile the nose is sti//

below фе horizon
r,rrjll ccuse о greoter
loss оfhефht

Taking off downwind
is not recommended

\

д"^,

ч,

д

ч
pause (if геquirеd) and move the сопtгоl column
сепtгаllу fоrwагd рrоgгеssiчеlу (to unstall wings)
until the гоtаtiоп stops.
when гоtаtiоп stops, centгalise ruddег and level the
Wlngs.

Ease out ofthe ensuing dive,
As the nose гisеs past the horrzon, add роwег (саrЬ
heat COLD) and climb away,

-'Ъdъ.*ы

NoTB The spin епtrу and rесочегу technique in the Pilot's Орегаtiпg Handbook fог уоurаirсгаft m_ay diffег slightly frоm this ргосеduге. Fог example,T-tail аirсгJft may not ."qui." u
pause Ьеfоге moving the сопtгоl column fомаrd. use the technique rесойmепdеd fоr
уочr аегорlапе.

Wind

I Frgure 12-1 Toke-off intowind


