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Introduction

This is the second edition of this book. It follows on frtra lessons contained
in the second edition of Book One. It defines specifghtl control techniques
which are based upon the aerodynamic principles explam#tse lessons. In
the last chapter of this book | have repeated, for yow eHsrence, many of
the key statements and ‘rules of thumb’ contained in Book One.

It is often difficult to divide the explanation of a pciple from the actions
required to observe it, which is why some of the lessdnBook One also
contain details of the flight control techniques associatéd the principles
expounded. Specifically, side slip, stall, and spin recowelyrtiques have been
fully covered in Book One and will not be repeated in this book. leratases,
control techniqgues mentioned in Book One will be expandebdutterein, such
as angle of attack control and turning, whilst other technigiiebe introduced
which have not been alluded to in Book One and which, | am sutdyengjuite
new to most readers.

Some experienced aviators may read this book and say “of coursaw that”,
or “that’s the way | do it.” And that may be so, but | $aythem, search your
memory; were you taught these things or did you discown tlor yourselves,
and how many hundreds or even thousands of flying hours @kiei? | was not
taught all of these things. | discovered many of them fgsaih after years of
flying. When | decided to take on the task of teaching otioefly better, | spent
a considerable amount of time converting what | had leaswedthe years into
specific methods of instruction in order to eliminate ltveg period of trial and
error that many experienced aviators go through.

| recall, many years ago, during one of my many instructoewal tests, my
tester asked me to show him one of my ‘radical’ techniqued, teld him |
would show him how | teach engine out forced landings. | thmlepected
inverted spinning or something as dynamic, because his inidiefioa was “ho
hum”. During the briefing his interest was rekindled, andraftgy flight
demonstration he confessed to me that he never usedttrelard’ method
taught either, that he had always just ‘eyeballedHi&.asked if he could fly the
procedure his way to the same field for comparison. Throudhs@pproach to
the field he kept remarking that my reference points tgxaoincided with his
eyeball assessment. He finally declared that | had imedaa technique that
had taken him thousands of hours to develop for himself, and inacieessible
to student pilots from lesson one!

My tester was a very experienced aviator, a former fighitet who had flown
P-51 Mustangs in Korea, and was now the most senior flighatme inspector
in the Australian Civil Aviation Authority. | passed ttest.



5

Of course there were also many ‘high time’ pilots who eme\got it'" for
themselves, and they regarded my techniques as borderingesy!H{& was told
this often.) Many of these pilots are still out therngnly around, as are their
progeny. You are sure to meet them and be confronted vdtlsaime myopic
view of how to fly. Hopefully you will, after reading and undarsting this
book, be able to transcend their limited view of flying and reavwenderful life
in the sky, as | have had.



Lesson One

Attitude Reference Point

“Attitude plus Power equals Performance”. Set the coredtitude, set the
corresponding power and you will achieve the performance frmur aeroplane
that you expect. This is a phrase used often by flyingucsirs like some

magical incantation, which it's not. However, within eg@ntlimits (like density

altitude and/or climb attitude), it is a useful teaching &dt in a modern

aeroplane, sometimes setting up this combination of panemttitude is easier
said than done.

What is meant by ‘performance’ in this context? It nseflight path and speed.
Flying level, climbing, descending and turning, fast or slalivpf these things
are (as | said, within certain limits) accomplished étftisg the correct attitude
and the corresponding power. Now setting the power is not thoudtif Move a
lever or levers in the cockpit, set some numbers omlaahd presto, you have
the power setting you want. But setting the attitudetisso straight forward.

What do we mean by ‘Attitude.’? Attitude, in this contdgtthe relationship of
the internal reference points of the aeroplane tootliside world. If we were
talking about driving a car, we would say that we point thatfaf the car

(internal reference point) down the road (outside world)inSan aeroplane we
point the front of the aeroplane at.....what?

The part of the outside world which is most helpful tcaaiator is the horizon.
The horizon provides the pilot with the reference wignhbles him or her to set
both pitch and bank attitudes, or a combination of both. dantainous terrain
or on hazy days it is difficult to see the true horizand therefore difficult to set
precise attitudes, so early flying training is best done aln@y these two
things. Later the pilot can learn how to compensate foretHesits on
determining attitude, but during early training having a clearght horizon is a
good idea.

Which bit of the aeroplane do we point at the horizon?

This is where the difficulty arises. A modern light adaoge is designed to give
the pilot reasonably good forward visibility. The horitally opposed ‘flat’
engines used on most modern aeroplanes allow a good clearovewthe
‘nose’ of the aeroplane, which means that in straightlewvel flight the nose
appears well below the horizon. The pilot’s eye lineh® hose is depressed
about 10° from the aeroplane’s flight path in these aeropléRggyure One).



Flight Path
10 Degrees

Figure One - Side view of eye line over nose.

Most modern training aeroplanes also have a side by side seatmgement,
which means that the student pilot and the instrua®isdting off centre. This
off-centre seating can have a detrimental effect uptermaéning attitudes in a
turn, and the difference in perspective between studentnatrdictor can also
add difficulty to an instructional scenario.

Back in the ‘good ol’ days’, most training aircraft had tandeating, where the
student and the instructor sat one behind the other. Ifigee Moth, the pilot’s
seat (hence the student’'s seat) was behind the it@mtramnd both pilots were
sitting on the centre line of the aeroplane. They vadse sitting behind a much
longer nose; indeed in the Tiger Moth the student had the tyajifrithe
aeroplane out in front of him. From the rear seatefTiger Moth both wings
and their associated struts and cross bracing were amtys the pilot’s field
of view, so pointing the ‘front’ of the aeroplane at theizwm was not too
difficult. The cross bracing of the centre section ‘cabatrets provided a set of
‘cross hairs’ to sight through, and the angle of these $aawng wires gave a
good bank angle reference when turning too. Compare the yigotsout of the
front of a Tiger Moth to that out of the front of a dewsn training aeroplane,
(Figure Two).

Straight & Level

Right Turn

Figure Two - Tiger Moth & modern aeroplane in level flight attitudes.
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Notice that the attitude of the modern aeroplane is s\alearly defined as it is
in the older aeroplane; and the attitudes in left agttrturns in a modern
aeroplane, because of the side by side seating, areicagtly different and
even more difficult to determine with any precision, (arftese do you put the
horizon when reversing from a turn one way into a tae other way?).

Why is setting precise attitudes so important? A one degngatid@ from the
correct level attitude when flying at 120kts, will causata of climb or descent
of about 200ft per minute. A student pilot is expected talie to fly much
more accurately than this, but with an attitude refeeeabout as precise as
judging the water level in a goldfish bowl it is diffitu{ln an SR71 flying at
Mach 3, a one degree attitude change produces a 3000ft petendieviation
from level flight!)

Because of this problem of determining the attitude fragridbldfish bowl’ out
of the front of the aeroplane, most private pilots hgotten into the bad habit of
continually ‘chasing’ the aeroplane’s altimeter and airdgadicator, or flying
by reference to the aeroplane’s ‘attitude indicator’t(ifias one). So here they
are on a beautiful sunny day with a clear horizon and a spéatariew outside,
spending half the time looking inside the cockpit at theruns¢énts. What a
waste of a beautiful day, and what a hazard to the otheplages flying in the
vicinity. (Whose pilots may also be spending too much time whgr head
‘inside’ the cockpit.)

The SR71 pilot and all modern jet fighter pilots have a sfdalf projected
onto their HUD (Head Up Display) called a ‘Velocity Vectomwhich
continually indicates exactly where the aeroplane ingydbo all they have to do
is hold the velocity vector on the horizon and theopkme is flying level. (Just
like the Tiger Moth pilot!) Wouldn't it be great if a matelight aeroplane
could have such a device?

A velocity vector projected onto a HUD involves about aiamlldollars worth
of electronic equipment, so we are not likely to see ttezifto a light aeroplane
anytime soon. But what if we could set up something which peahaps not as
precise, but much much cheaper? Say $1? Well, that's podsibliéjt an ARP
which stands for ‘Attitude Reference Point’. It involvee tiise of a $1 white
board marker pen, and thirty seconds of accurate flying. Howitioesk?

First you must purchase a white board marker pen, prefeeallgrk colour
(black is good), and take it with you on your next flight. Onzcboane and
flying level at cruising speed, point the aeroplane at a tileazon and set it up
dead straight and level (using the instruments if you bayeHold this attitude
whilst you draw a horizontal line about one inch long (2.5omdhe windscreen
precisely on the horizon and directly in front of ydinen draw a vertical line
the same length, through this horizontal line and dyeuctfront of you, to form
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a cross on the windscreen. The point where these two ilit@sect is your
Attitude Reference Point (ARP).

The ARP can be used to set attitudes much more preciselyahdecset using
the ‘goldfish bowl’ method. The following diagrams show #RBP in three
standard level attitudes; notice how the offset seatimgpisonger a factor in
determining turning attitudes, and when reversing from ometo the other, the
ARP is simply held on the horizon. (Figure Three).

Straight & Level Right Turn

Figure Three - Level flight using the ARP.

Now | must emphasize that this is not a velocity vectas dnly a cross on a
windscreen and therefore it has some errors. The §r¢hat it relies on the
pilot’'s head not moving around too much. So if you are in thé b&hkcocking’
your head to one side when in a turn, it will give you acoirect attitude
reference. (If you are doing a balanced turn, there igason to align your head
with the outside world as yowravity is straight up and down relative to you.)
Assuming that your head doesn’'t move too much during a yaun may still
detect some minor errors, particularly as the ‘G’ buildsrua tight turn. There
are two reasons for this, the first is that the anglattack increase necessary to
make the turn also increases the difference betweerewe@eroplane is going
and where it is pointing, and the second is that you suffer what | call
‘Eyeball Sag’, as a result of the ‘G force’ compregsyour body slightly and
pushing you down into the seat cushion a little. So to flyvall60° banked 2G
turn, you will need to position the ARP a little above hlogizon to compensate
for these two effects, as shown in Figure Four.

Left Turn

Figure Four - ARP position in a 2G turn.
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Even though some ARP adjustments may be necessarywilielpe easily
judged in terms of the size of the cross, they won'tghess and they will
certainly be far more accurate than the ‘goldfish bolWie ARP can, with the
stroke of a pen (literally), increase the accuracy afr ftying significantly, and
allow you to spend a lot more time looking out the window. éadgou have to
look out the window for it to be of any use to you. (I willuret to the flying
technique in a 2G turn in Lesson Eight)

Now that we have set up the ARP at cruising speed, wdpems to it if we
slow down? Slowing down whilst maintaining level flight involves changing
angle of attack and therefore changing attitude. This méahshe ARP will no
longer be coincident with the aircraft's flight path, argl usefulness will be
reduced. However, if - having slowed the aircraft - wentlower some flap, we
will have to reduce the angle of attack and attitude to maimevel flight. By
selecting the right combination of flap and speed welweilable to put the ARP
back onto the horizon, thereby restoring its usefulness. iaweh flap should
be used? This will depend upon how much you want to slow and tvba
standard flap settings of your aircraft are. You willché® experiment with this
to determine the speed that corresponds to each flap settig) wroduces
level flight with the ARP on the horizon.

The aeroplane | used for basic flying training was the R@t60, and for that
aeroplane, which has a level flight cruise speed of 120kistdblished two
‘standard’ level low speed configurations. 85kts with 15° feap] 70kts with

35° flap. On the later models of this aeroplane the lifiéip setting was reduced

to 10° so the corresponding speed had to be ‘bumped’ up to 90kts to keep the
ARP on the horizon. Figure Five shows these three confignsa Note that in

each case the ARP is on the horizon and the aeropléigmgslevel.

L X | | &
e ® oo ®

120kts, 0° Flap, 2500rpm 85kts, 15° Flap, 2100rpm 70kts, 358;12100rpm
Figure Five — Level attitudes at different speeds and flap settings.

It is also interesting to note that only two power settingeewequired, 2500rpm
at 120kt, and 2100rpm for both slow speeds. The extra dragl diafulslowed
the aeroplane from 85kt to 70kts without the need for a fupbeer reduction.
Depending upon the aeroplane you may also find that tkem® isignificant
pitch trim change between these three configurations.
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The aeroplane that you fly will be different; but aupte of useful slow speed
configurations can easily be determined by setting the flapadpdting the
speed (whilst maintaining level flight) until the ARP is backtba horizon.
(Obviously you will only extend the flap after you havevwsed to a speed below
the flap limiting speed.)

Of what use are these slow speed configurations? Flidgbivaevel in reduced
visibility is often safer when we are not blasting alongeratising speed, so
being able to slow down but retain the good ‘view’' over the rmsesing a
normal attitude can be very handy. But the most commenisugrhen we are
stuck behind a slower aircraft in the traffic patterrd have to keep it in sight.

Can these three ‘set ups’ be used for other than lagbt? Yes they can. You
may recall from the discussion on descending at theoébok One - Lesson
Nine, that | said that a cruise speed descent can be madeetting an
appropriate attitude and adjusting the power to maintain cruisireglsipéell the
attitude required to do this does not have to be extreme, dndwsive setting
about a 4° nose low attitude, which will correspond to alwat'¢ross widths’
below the horizon, and that is easily judged. This aitwvill produce a
‘comfortable’ rate of descent, and, since the airsgesh’'t changed, the ARP
will still indicate where the aeroplane is going. Sleatever the ARP is pointing
at on the ground is where the flight will terminate!yfu are foolish enough to
not level off first!)

This can be done in either of the slow speed configurayionave established
too. The attitude will be the same and, provided you reduce powerintain
the appropriate airspeed, the ARP will still indicate kghbe aeroplane is going
at that reduced airspeed. With a little experimenting, witithave no difficulty
finding some ‘standard’ power settings to use in conjunctioh thise attitude,
flap and airspeed combinations. The ones | used are shdvigure Six.

eeee o X0
8o . 2000 :
85kts, 15° Flap, 1500rpm 70kts, 354p511500rpm
800ft/min 550ft/min 450ft/min

Figure Six — Descent attitudes at different speeds and flap settings.

Once again you will note that only two power settings weuguired, as the
extra drag of full flap slowed the aeroplane without nked to alter the initial
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slow speed power setting of 1500rpm. Also note that the ratesaent reduces
as the airspeed reduces because we are holding thelsaosst angle.

These low speed descent configurations are quite useful wkenome to
establish a landing approach, and this will be explaine@g&sdn Two.

Obviously, when we turn (and reverse the turn) in anythefse descent
configurations the ARP will be the same distance belowhthreon, as can be
seen in Figure Seven.

Straight Descent Descending Left Turn Descending Right Turn
Figure Seven - Descending flight using the ARP.

What about in a climb? The climb is where the ARP Ikas use, but since the
nose of the aeroplane is either on or above the drgridetermining the correct
attitude is not so much of a problem. Even so, ‘eyebalbngbint on the engine
cowl immediately below the ARP will help in determiningndbing turn
attitudes. (Figure Eight.)

Straight Climb Climbing Left Turn Climbing Right Turn

Figure Eight - Climbing flight using the ARP.

In my training aeroplanes | had a series of dots perntignevarked on the
windscreen in a vertical row immediately in front betstudent. This enabled
him/her to determine which dot coincided with their ARP, ddpen upon
individual head height and seat position, and to subsequeatly the ARP on
this dot prior to engine start on all future flights. This madevailable on take
off for reasons | will be discussing in a future lesskbryou have your own
aeroplane, you can permanently mark your ARP for allréuflights, but you
may not be able to do this in a hired aeroplane, unless youncenthe owner
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of the usefulness of this simple little device, (réfen to this book). This is why
| recommend a white board marker, not a spirit based permarsker. You

can erase the ARP after the flight if you use a white oaarker but will no
doubt cause the owner/operator much displeasure if you hé&vénde ARP

permanently etched onto the windscreen by using a permeuaeker pen.

Over the years | have had a number of young flying instrsicteclare to me,
that the ARP is too much of an artificiality, and teaadent pilots should just
learn how to judge attitudes better. They may be rightirboty experience this
rarely happens. With the cost of flying light aeroplanesstaoily increasing,
and the decreasing rate that an average private pitoafford to fly these days,
something as simple as an ARP can improve a pilot's fly@eguracy
significantly, and make the entire flight safer, more glgable and more cost
effective. So why not? It only costs about $1.

The pilot of a US Navy F/A-18 uses the velocity vectoadsist his approach to
land on an aircraft carrier. If the light bulb in the HUdows’, he aborts the
approach. He doesn't think it is too much of an artificiabty,why should you?



14
Lesson Two

The Landing Approach

The approach to land, and the technigue used to accompl®inegt approach,
IS the most confusing part of any student pilot’s flying tragniThe general aim
is to fly an aeroplane from a point a couple of milesrf the end of a runway
and about 1000ft above it, to a point just above the near fetite cunway,
arriving there at the correct speed, so that a landing camaoke from that
position. Often this will also entail a 90° turn halfywdorough the approach
when flying a circuit of the aerodrome, but not always.

The student pilot has to simultaneously fly the coreggroach angle, maintain
alignment with the centre line of the runway, and carthe airspeed such that
it is the correct speed upon arrival over the runway ‘tloles. The specific
techniques which are taught to accomplish all of this wadgly.

When | first tackled the problem, | was taught to fly ideylapproach each time |
wished to land. This meant judging the correct position enstky to close the
throttle and establish a glide, and then to control my aitspeth nose attitude
and my approach angle with flaps and side slip. This all depeaumi@d how |
assessed the angle of approach | was making comparetheitideal’ angle |
had been shown by my flying instructor. Controlling the spedi attitude was
not so difficult but judging the correct approach anglehat4ame time was.
However, | found that as the ground got closer, judging which spathe
airfield the aeroplane was gliding towards did become eablany, many
circuits of the airfield later | was ‘deemed’ safe foy first solo, but it took a
whole lot more practice after this before | could truly faat | could make a
consistent approach to land.

Assessing the accuracy of an approach angle depends upon aghlbtysto
determine the point on the airfield that the aeroplamescending toward. This
is done by finding the point in the middle of the expandialgl fof view we can
see as we descend - which is a lot easier said than bbave found that seeing
this point out of the front of an aeroplane is quitehallenge for most student
pilots. When close to the ground this expanding field of view fmesoobvious
and the centre of this expansion becomes equally ob\boitigor a student this
often only occurs in the last 100ft of the approach! Unforelpahe last 100ft
is often too late in the approach to guarantee being atigie place to
accomplish a safe landing. As a pilot gains experigmeability to assess this
point improves, and with many hundreds of flying hours in his log boakée
be able to assess this point accurately from half a mwgy gbut the ‘journey’ to
this ability can be quite frustrating.
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When making a glide approach the only means available tpiltiteto control
the airspeed is to change the attitude. Raise the ntselatto slow down,
lower the nose attitude to speed up, easy. Nowadays a modzaitaloes not
make a glide approach to land; it carries a small pergerdpower down the
landing approach. Yet the average instructor still teacdm approach control
technique that is a ‘throw back’ to what | was first taugdtté instructor treats
the approach as if the aeroplane is gliding and instthetstudent to “control
airspeed with nose attitude and control the rate of dessdgmpower”.

The first question which begs to be asked is this: “Whathell has the rate of
descent got to do with it?” The student has enough to do wtitheing required
to monitor the vertical speed indicator. The second mress: “Why is the
student expected to reverse the normal control technigsed to fly an
aeroplane in all other aspects of flight?” Let me explahat | mean by that.
When flying straight and level, deviations from the desiezell flight path are
corrected by attitude changes and speed corrections are madigubting the
power. That is, attitude controls flight path and power cdsgpeed. Yet, just
because we are coming down a gentle 3 to 4 degree slopetralt gets thrown
out the window and this ‘other’ technique is supposed to be usede#n’'t
make much sense does it?

Why not just point the aeroplane at the near end of theayimnd control the
airspeed with flap and power adjustments? The problensis,have already
said, most pilots, including many instructors, cannotuetly accurately where
the aeroplane is going when flying down this gentle ‘hill' ugtilte late on the
approach. Usually the instructors can in the last coupl@duadred meters
(yards) at an altitude of about 200ft. At that point theyadbpt the technique |
have just suggested. They may deny it, but they do.

| have, on many occasions, discussed this situationathithr instructors, some
quite senior, and asked them if they would lower the nodedstto correct a
5kt under-speed situation when at 200ft? Most would say “oh mahablate in
the approach, | would just add power.” Which means that byttiey could see
exactly where the aeroplane is going, and probably deatit to change the
flight path, so the speed is controlled with power.

| am aware of a slight variation on this pseudo glide tectenighich involves
holding a set nose attitude relative to the horizon alpgsing the speed with
power to vary the ‘sink’ rate to arrive at the landing shiidd. The main fault of
this technique is again, that it assumes the studeanitqaih determine where the
aircraft is going in order to make these power/speed adjastniehis technique
Is also fraught with the risk that a student who is too high pproach will
reduce power to the point where the speed slips to the ‘hdekdf the drag
curve, and the aeroplane arrives at the landing tal@stith too little energy to
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complete a smooth touchdown. That is, it ‘arriveleé la bag of wheat tossed off
the back of a truck!

Before | discuss what | believe is the simplest aasiest approach technique |
need to define the various flight paths to the runway tleapassible. There are
nine different approach paths that a student using etthethe foregoing
approach techniques can follow. Yes NINE! The student p#ot position his
aircraft at an altitude off the approach end of the runtmay is either too high
or too low or at the correct height (for that distance)ckie then fly the aircraft
to a point well down the runway, called an ‘overshoot’, or & fty to a point
short of the threshold, called an ‘undershoot’, or he bait dlirectly to a point
near the landing threshold, which is okay. So we have thfgent possible
starting points and three different possible finish poiats] each of the three
finish points can be attained from either of the thitaet points! This is nine
possible combinations. The following diagrams show these mossible
approach paths, (Figure One).

High
Okay
Low

High
Okay
Low
High
Okay
_—+ Low

it

ndershoot

On Targ_éf

Figure One — The nine possible approach paths

Of these nine possible combinations only one is ideledy & on target and
two are, within certain parameters, acceptable. Thes®laneusly the ones
which arrive at the correct aim point near the landingsiwld. The other six
are unacceptable. A student pilot confused by the techbejug taught to him
can (and often does) oscillate between all of these hgig paths on the one
approach!!
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So what is this technique that | advocate? | will reéesita

“Aim the aeroplane at a point near the runway threshold,
and control the airspeed with power’.

How do we do this?

First, what is the correct aim point? To land an aampwe should aim to enter
ground effect over the very end of the runway at theecorairspeed. This
means that we have to be one wing span above the groumdondssing the
end of the runway, and in order to achieve this when flyid§ approach path,
we must aim the aeroplane about 150 meters (yards) futtiven the runway.
Of course this distance will vary with the size o geroplane, but 150 meters is
about right for a light training aeroplane of about 30ft wingsfanthe correct
aim point is a point on the runway centerline 150 meterdrom the threshold.
(150 meters is about where the ‘numbers’ are on a convellyianarked,
sealed runway.)

Why a 4° approach path? Well, experience has shown thatadBomfortable
angle to approach at. Any steeper and it is hard to slow down,rgntlagter
and the trees get in the way. An ILS approach systethlugaircraft making an
instrument approach in poor visibility is normally set at 3.&fd the visual
approach slope indicator (VASI) lights you may have séesome airports are
set to this angle too. | have rounded this off to 4°. As youfisawthe diagrams
in Figure one, slightly steeper is okay as long as the syagete controlled, and
slightly flatter is okay too, but watch the trees.

In order to be within the ‘ball park’ of these acceptable andle aeroplane is
normally positioned to start its landing approach from #adee of two miles
from touchdown at a height of 1000ft (above the runway), ngabeen
configured for slow speed flight. The following diagram depibts ‘ball park’
position and the approach ‘funnel’ it defines, (Figure Two).

The 'Ball Park'

Figure Two - The approach ‘Funnel’
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Having entered the funnel, the aeroplane should start asglead descent and
be aimed at the 150 meter point. How do we do this? Simpleh@seRP.

In Lesson One, we discussed the use of the ARP asla@city vector’ when
making a descent. Remember that the initial slow speed rdesmefiguration
described in that lesson was established for a 4° deaogté, which is just
what we want here. In the following diagrams | have shdwen‘pilot’'s eye’

view, when making an approach to land, using the ARP adacitevector'. |

have used the speed, power and flap configurations for then RaB0O as an
example only. Those that you determine for your aereptaay differ slightly.

The first diagram (Figure Three) shows the aeroplansattiles and aiming at
the runway threshold.

Figure Three — 2 Mile initial aim point (85kts, 15Flap, 1500+ rpm)

As long as the airspeed is maintained (at the speed we peeviously
determined for that flap setting), with power adjustments agroplane is set to
fly down the final approach like it is ‘on rails’.

If the angle is a little on the steep side, a littiesi@ower will be required, and
vice versa. If the aeroplane is on the correct angégppfoach but the airspeed is
too fast for this flap setting, the aeroplane will be going poiat on the runway
beyond where the APR is aiming, and will overshoot the @omt. If it is too
slow, the aeroplane will be ‘sinking short’ and will undershibat aim point.
Power must be adjusted as required, to maintain the cairspeed.

By the time we have reached one mile it will be possiblrefine the aim point
to exactly 150 meters in from the threshold, (Figure Four).
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Figure Four — 1 Mile improved aim point. (85kts, 15° Flap1500+ rpm)

Now this speed/flap configuration is too fast to land the aemeplso at about
200 meters from the end of the runway (350 from the aimtpibiis time to ‘put
on the brakes’ and slow down. At this point we select fafp tind hold the aim
point. The drag of the flap will slow the aeroplanehe torrect threshold speed
whilst the flap’s ‘lift augmentation’ will offset thioss of lift associated with the
reducing airspeed. This new spHlkegh configuration will still enable the ARP to
be used as a ‘velocity vector’ for the remainder of p@each, (Figure Five).

Figure Five — 200yds, Slow down point (select full flajpnold aim point)

| have found that most people can judge 200 meters redg@tirately when
this close to ground, and knowing when to ‘put the brakes osonsething we
do everyday when driving, so this ability translates to flyuidp little difficulty.
This distance may vary a little for your aeroplane ddpenupon how effective
your flaps are. (Oh! And 200 meters from the thresholdfisn where the
airfield boundary fence is t0o0.)
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When we get to ‘short final' we are, at last, closewsh to see where we are
going, even if we didn’'t have an ARP, and can thesgfonake whatever last

minute power corrections are necessary ( if any) to ‘nlad’ threshold speed,
(Figure Six).

Figure Six—Approaching threshold check speed (70kts, fullap, 1500+ rpm)

Finally we arrive over the end of the runway at theaxirheight and the correct
speed, (Figure Seven). | refer to this position as the Halg'.

Figure Seven — Through the “Key Hole” over the threshold, ospeed.

We are now entering ground effect and are perfectly set umrd the
aeroplane. How we do that is detailed in Lesson Three.

So what is the correct speed to arrive over the thrésdt@l The simple answer
to that question is 1.3Vs, that is, 1.3 times the cliear), power off stall speed
for your aircraft. 1.3Vs has been a long accepted formuladé&termining
‘threshold speed’, and provides a safe margin above thes(a(E3peed.
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So common is this speed that it has even earned its \6wiheSignation. It is
called ‘Vref', (reference velocity).

Now the flight manuals of most light aeroplanes declareapprbach speed” for
that aeroplane based upon this simple formula, and thigeigiated by most
flying instructors as meaning the speed at which to fly thepéemne all the way
down the two mile approach to land. Their hapless studenthd@st got the
aeroplane stabilized on approach after wrestling with thedasglide technique
with 15° flap (or thereabouts), is then required to lowel ffap. Since the
aeroplane is already on ‘approach speed’ he will thee avollow this action
with a large attitude change or a significant power chatogeffset the

additional drag he has just created, thereby destroyingstdiglity of the

approach that he has worked so hard to achieve. Often thef ¢éhd runway
arrives before he has this configuration change under contral, an

‘interesting’ landing results.

The aeroplane, when it comes time to land, does nowkor care’ what speed
it was doing one minute ago or even two seconds ago. It pasfasnt enters
ground effect, based upon the speed that it is doing aintant. So the flight
manual ‘approach speed’ should be interpreted as the ‘thdespekd’, that is
the speed it should be doing as it crosses the runway thresteldingspan up,
(as it flys through the ‘keyhole’).

The approach technique that | have just detailedderstant angle variable
speed approach as opposed to the constant speed variable angle approach
technique taught by most flying instructors. The higher spedtie@early part
of the approach is more comfortable to fly, particulaniyturbulent conditions,
and holding a constant angle throughout stabilizes the appesaty. In the
later part of the approach when near the runway all we ghut on the brakes’.

| refer you back to Lesson One - Figure Six, where yousee that, because we
are holding a constant approach angle, the rate of desckites as the airspeed
reduces. This means that any reference to ‘rate oedgésan approach would
be a huge ‘red herring’, and would only serve to confuse stysi®ts; so |
don't.

A few years ago, | was discussing approach techniques wiilkral of mine
who was a Qantas Boeing 747 check and training captain. Hehaaiflhe used
the pseudo glide technique, still taught in most flying schdolgorrect a 5kt
approach speed error with an attitude change, the rear cfehis aeroplane
would move up and down 15 feet! This would not be good for retigiméss.

As | said at the beginning of this lesson, as a pilot gakerience his/her
ability to judge the correct aim point and the correightl path to it, improves.
Ultimately these pilots will not need an ARP on the dgicreen to assist this
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judgment (unless you are landing an F/A-18 on an aircrafieca Indeed there
are many aeroplanes in which a cruise speed ARP is as@mn approach at
all, because these aeroplanes do not have flaps. Obvibesiyose attitude of
these aeroplanes will be higher when slowed for a landing agiprea quite

often the nose itself can be used to define a velocittoxeBome aircraft, such
as the Pitts Special, have such a high nose attitude ooaappthat it obscures
the whole runway! So these aeroplanes have to be sigedlipo get the nose
out of the way, so the pilot can see where she is g#litgts of Tiger Moths

often open the side door of the cockpit so that they candatato gain a better
view of the runway on approach to land.

How is this constant angle approach technique affected bgwhirst let me
remind you of the discussion about ‘wind’ from Book One. &eroplane does
not experience ‘wind’ in the same sense that sometameliag on the ground
experiences wind. The aeroplane’s frame of referentieei air mass in which it
is flying, and the only ‘wind’ it experiences is the winictieates by its relative
motion through this air mass. It shares this air ma#is ether things which are
moving through it too, like runways. So a runway, which is erperng wind,
can be said to be moving through the air mass too, and canttfeoaeroplane’s
‘point of view’, be treated as a moving target.

A simple way to understand this is to imagine that the rynme wish to land
on is an aircraft carrier moving through a calm ocean amlavind’ day. A
person standing on the deck of the carrier will experiencdaive wind’ equal
to the speed of the ship, and will mistakenly say thatpanoaching aircraft has
a ‘headwind’. But from the aeroplane’s point of view ijust the carrier moving
in the same direction that the aircraft is movingpéélnot as fast).

When making an approach to this moving target you will haveim the
aeroplane not at where it is now, but where it wililbabout two minutes time.
How come? Well, assuming we are making an approach fromft1@0@ the
rate of descent is averaging about 500ft/min in the slowedspdescent
configuration, then the approach is going to take about two minfitee also
assume that the aircraft carrier is ‘steaming’ (nuahg®) at 10kts in the same
direction as we are flying, then the landing threshold vellehnmoved about 650
meters away from us in that time.

If we were to simply put the ARP on the aim point andlhbthere, the motion
of the ship would cause our approach path to progressivelgrflatit and the
final approach could be so flat that the ‘trees’ could becammblem. Judging
the final slow down point is also more difficult if we @o® flat. The diagram at
Figure Eight shows this flattening effect.
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In this situation we must ‘lead the target’, which metad initially we should

aim the aeroplane (ARP) 800 meters down the runway (650+150) and
progressively ‘drift' the ARP back to the aim point as pregress down the
approach, thereby maintaining a constant approach path to theant
(Figure Nine).

Relaifve 'Wind' Ek}f_}
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s firersit Carfer Moifon

Figure Nine

You can see from Figure Nine that the ARP line is movirgk baward the aim
point as the aeroplane gets closer to the threshold skould also note that the
anglebetween the ARP line and the flight path to the aim psinbnstant. This
means that it will not be necessary to consciously nio@éARP back along the
runway if you can pick a point on the windscreen é&littelow the ARP and
hold it on the aim point. The angular difference between thist pmd the ARP
will subtend a decreasing distance along the runway asetioplane gets closer
to the threshold, thereby automatically drifting the ARIEkbd&igure Ten is a
‘cockpit’ view of this technique.

Figure Ten (a) One mile out Figure Ten (b) Half nte out
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Note that the dot below the ARP is in effect an ‘adpisa®kP’, and is on the
aim point throughout the approach, whilst the ‘primary AR®ves back down
the runway as the aircraft gets closer to the threshold.

Remember | said in lesson one that | had a number of datked on my
windscreens? Well here is a photograph of them.

Attitude dots on the windscreen

Each of these dots was spaced such that the angular dib&Etneen them was
equal to 10kts, so all the pilot had to do was put the dot belowRfeon the
aim point to allow for a 10kt ‘headwind’ or two dots below for a 20kt
‘headwind’. Now | didn't plan it that way initially, lisiply put them one inch
apart and | ‘lucked in’ the right angles for my aeropldig. putting some dots
an inch apart below the ARP on your windscreen and @edlirey work out for
you, you can always adjust them once you have gaioed £xperience using
them in different headwinds.

What about a crosswind? If you are a ‘crab down final ackl ik straight at the

last minute’ pilot then the ARP will have to be positiormdstam the aim point
by an amount equal to the drift angle. It will appear tpbsitioned quite wide

of the runway Iinitially, but as you track (crab) yourcgg#ane down the runway
centre line, and draw closer to the threshold, it wilbenatically move closer to
the runway. See Figure Eleven.
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Figure Eleven (a) Figure Eleven (b)

If you eliminate the effect of the drift angle by sidgging into the crosswind
as described in Book One - Lesson Twelve, the ARP can agee be
positioned on the aim point as shown in Figure Twelve, fdn beft and right
crosswinds. The small angle of bank required does not chaagesé&of the
ARP as a velocity vector because it is indicating theratrdlight path, and
aeroplanes roll (bank) around their flight path as detailddiook One - Lesson
Six.

..-'"f_'-.—'_‘ —
.
~ _— Cm\a\sswind

Figure Twelve (a) Figure Twelve (b)

If your preferred crosswind approach technique involves a meixaticrab and
side slip, then with a crosswind from the left, your alipicture will be similar
to that shown in Figure Eleven (a) and will then becoméedhawn in Figure
Twelve (a). For a crosswind from the right the opposite dapbly.

By using either or all of these ‘wind’ correcting technigueesed upon the
constant angle approach | have detailed in this lesson, ybyaam aeroplane
will fly through the ‘Key Hole’ on speed. This will notrd the aeroplane for
you but will give you an accurate and consistent dtarearning the art of
landing.

Which is the next lesson............
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Lesson Three

Landing

“Having passed through the ‘Key Hole’ at the correct thriesbpeed (1.3 Vs),
the aircraft’'s descent is smoothly arrested, and the mhaelw are rolled onto
the runway without the slightest bump”. That's the waywald like every
landing to be, but it doesn’'t always turn out that waygdod, consistent,
smooth landing is half technique and half art. | willcdss the technique - the
art, the feel, and the finesse, will then come itfctice, lots of practice.

A good landing can be divided into four parts which should foreaaness and
continuous process. They are:

1. The ‘Flare’ (sometimes called the ‘Roundout’)
2. The ‘Hold Off'.

3. The ‘Touchdown’.

4. The ‘Roll Out'.

Figure one shows the first three of these parts.

el

e TR

Touch Down

Figure One - Flare, Hold Off, Touch Down.
| will discuss each one in turn.

The ‘Flare’ is the name given to the action of arregthe aeroplane’s descent
as it enters ground effect and bringing it to level flighthwhe wheels about
one foot (30cm) above the runway. This is achieved by inciggdélse angle of
attack and smoothly bringing the attitude to ‘ARP on the horizas'shown in
Figure Two. (The aerodynamics of this process was detaildbak One -
Lesson Six, Manoeuvring.) At some point during the flare awator should
also reduce power to idle by closing the throttle, but éxachen to do this
depends upon the exact speed at the ‘keyhole’ and the tygmraylane, and is
discussed in more detail in Annex A.
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Figure Two - Attitude at the conclusion of the Flare

The rate at which the attitude is changed is crititab rapid and the aeroplane
will level off too high. Too slow and the wheels will ‘@’ prematurely.
Judging this is the first part of the ‘Art of Landing'.

If the flare rate has been too rapid, leaving the wheel$ar from the ground, it
IS possible to rectify the problem by pausing in this llet#tude for a second or
two to allow the aeroplane to settle to the correct heaghthe speed reduces.
Caution should be exercised when doing this because thelatttll no longer
be correct for the speed when the aircraft has settléitktoorrect height so it
may continue on down and the wheels could touch down prematAdding a
‘trickle’ of power can cushion this premature ‘sink’ teetrunway, but this will
depend upon what we have done with the throttle at thenemrement of the
flare as discussed in Annex A. Better to get the flate correct to begin with.

If the flare rate has been too slow it is possible fomibge wheel to contact the
runway first. Because the nose wheel is ahead of thieecef gravity this will
cause the nose to pitch up sharply, increasing the anglktack and the aircraft
will ‘bounce’ back into the air. The pilot is then likely move the stick forward
to stop this bounce, but will usually react a split secotet,lavhen the aircraft
was returning to earth anyway, thereby exacerbating tkicboeince, and so on.
The term used to describe this seemingly never ending séssittations and
bounces down the runway is, ‘Pilot Induced OscillationsPifD’s for short. It
has also been called the ‘JC manoeuvre’ because of the comitterance of
most pilots upon encountering this situation.

PIO’s or JC’s can damage the nose wheel of the aeropladeshould be
avoided by adding full power and climbing away from the topthaf first
bounce, that is, ‘going around’.

If you are flying a Tail Dragger, the main wheels als ahead of the centre of
gravity whilst the tail wheel has to settle a lot furthiéereby causing a gross
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attitude and angle of attack change, so the JC’s, which rfesoi a premature
contact with the earth in a tail dragger, really eeir name and can become
quite wild. Don’t try to tame them.....go around.

So much for the first part, so now to part two, the ‘hold off

Having achieved level flight one foot above the ground the afrsratld at this
height as it slows. This of course will necessitateeiasing the angle of attack
by raising the nose attitude progressively as the speadishes. This attitude
adjustment should be a seamless continuation of thedatt#djustment during
the flare, and should be continued at the correct rate theticorrect landing
attitude is attained. But what is the correct rate whdt is the correct ‘landing
attitude’?

The correct rate to raise the nose during the holdvaff,depend upon how
rapidly the aeroplane decelerates in ground effect, andwadlyi should be a
rate which matches this deceleration and holds the wioeelsfoot above the
runway. Judging this is the second part of the ‘Art of liagd If the nose is

raised too slowly, once again the wheels can arrive preematurhis could

result in a ‘skip’ as the undercarriage suspension rebponds ‘three wheeler’
landing. If the skip is only slight continue with the holéf  the correct

attitude, but if the three wheels stay on the grounézé&edon’t continue raising
the nose, as the aeroplane will fly off the ground agaireadtD could result. A
‘three wheeler’, whilst not a perfect landing, is bettean the alternative. Give
yourself a mental slap on the wrist and try to do better the around.

If the nose is raised too rapidly, the aeroplane Wwdlloon’ back up into the air
and we will be in the same position we would be in if we fi@red too rapidly.
If the balloon is slight, pause in whatever attitude goaiin until the aeroplane
starts to settle again, and then continue the holdfaffie balloon is large, the
aeroplane will become too high and too slow, and will then Idpva high
‘sink’ rate and arrive like the proverbial bag of whézdsed off the back of a
truck. Do NOT lower the nose to stop this balloon, as allwiluachieve is to
arrive like a bag of wheat on the nose wheel! Applydaiver and go around.

What about the ‘landing attitude’? If you are flying a ydle undercarriage
aeroplane the aim is to touchdown on the main wheitfstihe nose wheel clear
of the ground. If flying a tail dragger, the aim is to toutdwn on the main
wheels and the tail wheel simultaneously. Let’s disdtisgear aeroplanes first.

The landing attitude of a tri-gear aeroplane depends hiparideep’ the wing is
in ground effect. If the aeroplane has a low wing it will dxperiencing a
significant ground effect ‘cushion’ so the nose attitude dugshave to be too
high. Nose on the horizon is usually sufficient, as showFigure Three.
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Figure Three - Landing Attitude for Low Wing Tri-Gear Aer oplane.

If the aeroplane has a high wing it will be experiencessIthan half the ground
effect cushion of the low wing aeroplane (Book One - LesBn), so it should
be held off to a slightly higher attitude for landing, as showiRigure Four.




Figure Four - Landing Attitude for High Wing Tri- Gear Aeroplane.

Now | must emphasize that these landing attitude @stare generalizations.
The individual eye height and seating position of eadbt pvill alter them
slightly, as will the length and slope of the aeroplamgigine cowling. Have
your flying instructor show you the landing attitude which symsr aeroplane.

There may also be other factors which determine the cdamating attitude of a

particular aeroplane. The Sia Marchetti SF-260 which | dperfmr many years
had a very long nose gear leg, and had to be held off to arhighn normal

landing attitude for a low wing aeroplane to avoid contactiregground nose
wheel first and starting a P1O. By contrast the R@1i60 has a large ventral fin
and should be limited to the attitude pictured at Figure Ttuewsoid scraping

the fin on the ground! (Note the ‘tail skid’ in the pbgtaph at Figure Three.)

Many flying instructors tell their students to hold off uiktie aeroplane stalls.
This is a vintage Tail Dragger technique and is not nacgdsr a modern

aeroplane. Indeed they will also say that the wing iedtavhen the ‘horn’

sounds, which of course, as we have already learned fomrk BGne, is not true.
Often, just as the correct landing attitude for a particaéaoplane is attained,
the stall horn may start to ‘beep’, but this is not whatslould be aiming for.

What about the landing attitude for a Tail Dragger? Aavehsaid, the aim is to
touch down on all three wheels simultaneously; this has braditionally called
a ‘Three Pointer’. This three point attitude is easy temane, and it can be
determined before take off. Once lined up on the runway fariglling for take
off, note where the horizon is in relation to the nosesTfithe three point
landing attitude. On older style tail draggers this attitwalé be virtually the
same as the level stall attitude, but on moderrdtaiggers it will be a slightly
‘flatter’ attitude. It doesn’t matter, what you see befaolling is what you
‘shoot for’ on landing. Refer Figure Five.
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Figure Five — Tail Dragger Landing Attitude (Tiger Moth).

Achieving the correct landing attitude in a tail draggende critical than a tri-
gear aeroplane. If too flat the main wheels will sattiefirst causing the tail to
drop, the angle of attack to increase and the aeroplang tdffthe ground
again. If the attitude is too high the tail wheel wilu¢t first and pitch the
aeroplane forward onto the main wheels causing a bouneeséMerity of either
of these two possibilities depends upon how inaccuratatitkng attitude was.
Some tail dragger pilots prefer to touch down slightly tdieel first...slightly.
This causes the angle of attack to reduce slightly as eéheplane pitches
forward slightly, onto its main wheels, helping it to ‘stickhe operative word
here, in case you hadn’t noticed, is slightitherwise all hell breaks loose!

Figure Six is an external view of a Pitts S2S in theemt landing attitude just
prior to touchdown. The fuselage is 12° from horizontadrdfore the wings,
due to their incidence, are at an angle of attack of 13M€&hws much less than
their critical angle of attack.

- — e — E— -‘

Figure Six — Pitts S2S in the ‘Three Point’ Attitue.
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There is an alternate landing technique which can e ins tail dragger called
a ‘wheel’ or ‘wheeler’ landing, where the aeroplanaizded on its main wheels
only, with the tail wheel still clear of the ground. Tteghnique demands a little
more finesse and | will discuss it in more detaiRimex B.

So what do we do when we attain the correct landing @étitine foot off the
runway?Hold it, that's right, just hold that attitude. This is the beginrohghe
touchdown phase. As the aeroplane slows some mord gmalothly settle the
final one foot onto the runway, all by itself!

Once the main wheels of a tri-gear aeroplane hawehtd down, because the
centre of gravity of the aeroplane is ahead of thehnmadieels, it will naturally
want to pitch nose down. This is one of the advantagesheftricycle
undercarriage configuration, in that it will ‘automatlgakeduce the angle of
attack of the wing, thereby helping the aeroplane tok'sto the ground.

However, we still have to ‘land’ the nose wheel smoothlyave seen pilots at
this point just relax the back stick and let the nose wbesgle crashing down
and | have seen pilots try to hold it off forever, or asteuntil, despite their
efforts, it comes crashing down anyway. Somewhere betwbese ttwo
extremes is ideal. A smooth nose wheel landing is easihieved if we do
nothing! Just freeze on the stick (or wheel), until tlose wheel ‘auto lands’.
How does that work? Well obviously as we achieve the cotaading attitude
just prior to touchdown the stick is well back and thevatlers have a large
negative incidence. Once the main wheels have touafekdblie up the weight
of the aeroplane the nose will start to pitch downtis happens the elevator
presents itself to the airflow at a greater and greadgative angle of attack,
offsetting the effect of the reducing airspeed and prodwicgnstant download
on the tail, thereby cushioning the final nose wheeathidown. (Figure Seven.)

= o

Figure Seven — Elevator angle to airflow during nose pitctdown.

Once all three wheels have ‘landed’ the elevator carelaged to neutral for the
roll out. So, let's now make a quick recapitulation of thhechdown technique
of a tri-gear aeroplane:

Hold the correct landing attitude until the main wheels landnd then hold
the stick position until the nose wheel lands.

That doesn’t sound too hard, does it?
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If we have just achieved a three point landing in adi@bger all three wheels
are already in contact with the ground so simply mowestick fully back to
‘pin’ the tail wheel down, thereby assisting the stegduring the roll out.

What if we are landing with a cross wind? Regardlelssvizether we have
crabbed or side slipped down the approach, the final touch dwutdsbe made
in a side slip. If we have side slipped all the way dowragy@oach, or have set
up the side slip before the flare, then all that | heavwd previously still applies
and in addition, the aeroplane will also have the apprapaanount of bank
applied throughout the landing process. If we have commeheefiare whilst
still crabbing then it will be necessary to yaw thecraft into line with the
runway and apply the correct amount of side slip duringhtie off, which is,
as | have said in Book One, a more demanding co-ordma&tkercise for a
student pilot. We should still hold off to the correctdany attitude and at that
point, regardless of how we have dealt with the crosdwmuntil then, we will
have some bank applied at touchdown as shown in Figure Eight.

Figure Eight — Landing Attitude whilst Side Slipping ina Cross Wind



34

After touchdown hold both elevator and aileron input uatil wheels have
landed and keep straight with rudder whilst they are doingl'sen we may
relax the elevator but maintain the aileron input througithe roll out. (In
strong crosswinds it may even be necessary to increaséetton aleflection as
the aeroplane slows in order to keep the ‘into-wind’ wing domimch helps us
maintain directional control.)

We have now reached the final phase of the landing,rtdtleout’ phase, but
don’t relax yet “coz it aint over yet!”

If I were to build a light metal frame, supported by thseeall wheels in a
tricycle configuration with only the front wheel steerald# you in it, and ask
you to steer it with your feet whilst | propelled you dowhe road at 120
kilometers per hour (60kts), you might decide that the urklagavas rather
risky. But that is exactly what you are doing imméelia after touchdown in a
tri-gear light aeroplane! So stay focused, use the caebhique and wear the
correct footwear. Footwear! What has that got to do withfitdu are in the
habit of wearing solid work boots or thick soled shoes whilsadlyyou will not
have a very good ‘feel’ when working the nose-wheel stegredgnls (rudder
pedals) of an aeroplane, and will probably over-contrelsteering. If you are
learning to land a tail dragger, very thin soled shoes anesa inwvould have my
Pitts S2A students wear only their sox for the first fessions, for reasons |
will explain shortly.

So what is the correct technique? Simply stated, “look evlgeu want to go”,
otherwise you will go where you are looking! | remembetchimg my six year
old daughter practicing riding her new bicycle on a largesgaasa near where
we lived. In the middle of the area was a tree, wisich managed to run into
several times because she kept looking at it! | have latstudent pilots who
weaved all over the runway because they were not focuséueccentre line of
the runway in front of the aeroplane, but were lookisgwhere or trying to do
other things in the cockpit, which could have waited a fewnemnts.

Many years ago | undertook an advanced driving course, whialsddcon
emergency handling techniques. One aim was to avoid runningointwer
obstacles which suddenly presented themselves in froneofah The simple
‘trick’ was to look at, and focus on, the escape route, @otdlook at the
obstacle. It was amazing the number of times the obsthalemy’ was ‘killed’
because drivers were looking at it, just like my six yeldr daughter and the
tree. So during the roll out, focus on the runway cénteat least a couple of
hundred meters (yards) ahead of the aeroplane. This singienill help you
keep the aeroplane straight as it rolls down the runwaytafiehdown.
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Finally, use only smooth application of brakes in therlatage of the roll out,
and only if necessary. Aeroplanes only have little brakdsch are easily
overheated if used too aggressively.

The roll out of a tail dragger is a bit trickierr$t, the tail dragger configuration
Is statically unstable because the centre of gravityelsind the main wheels,
and wants to overtake them! Keeping a tail dragger straglite balancing a
broom vertically on the palm of your hand (brush end up). Nave to make
continual and rapid movements of your hand to keep the lemdlsteady and
prevent it from falling over. If you let a tail draggstart to veer or swing the
centre of gravity will overtake the main wheels andseathe whole aeroplane to
swing around quite rapidly into what is commonly calledyeund loop’. To
prevent this you have to make continual and rapid foot movenamtthe
steering pedals to keep the aeroplane dead straight. | cathghdancing on the
pedals’; it needs a sensitive touch, hence the sox.

Ground looping a tail dragger, especially at high speed care caunsiderable
damage to the aeroplane, and is to be avoided if at allppmssihave seen
ground looping tail draggers collapse their undercarriages @adt bineir wings
off. Not a pretty sight.

The second problem is that because it is a tail draggemase obstructs the
pilot's forward view during the roll out! (Take another look=ggure Five.) This
means that achieving the previous requirement of keepind deaight is
especially difficult. | have heard it likened to driving yaiar down a narrow
driveway at high speed in reverse with the boot lid up. ($haink lid for my
American readers.) Not all tail draggers are quite agditfas this, but | have
flown a few that are.

So how do we keep a tail dragger straight during the rot de answer and
explanation to this question is rather lengthy and s#98é of the readers of this
book will be, or have been trained on tri-gear aeroplanssl relegate it to
Annex C in order not to prolong this lesson for the majaitseaders.

What about taxiing back to the parking area after landingPBlldy in light to
moderate wind conditions this is no problem for the plod tri-gear aeroplane.
The stick or wheel should not be abandoned but held int@ah@osition so that
stray wind gusts do not bash the control surfaces agtiest ‘stops’ and
damage them. But more attention should be given to thequoadi of the stick
when taxiing a tail dragger as it will be more susceptiblditectional control
difficulties in all but the lightest of winds. | discusetcorrect positioning of the
stick when taxiing a tail dragger in Annex D.

One final note on tail draggers. From what you have nme#lis lesson and what
you will read in Annexes B, C and D you could be forgivermfondering why
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anyone in there right mind would bother flying one, and why they sdill
produced. The simple answer is that flying is not just alnding; fewer
wheels sticking out the bottom of the aeroplane gemdests drag and weigh
less, so the aeroplane performs better in the air. Takeola at all high
performance aerobatic aeroplanes and you will not seegear aeroplane
amongst them. Also the tail dragger configuration is moreisiblnd is better
suited to ‘off airfield’ operations and the propeller can bt Kerther from the
ground during these same off airfield ops. Bush pilotsrféalwvem and aerobatic
pilots favor them.

Oh! In case you were wondering, my daughter grew up to becam
accomplished aerobatic pilot, and never once ran herd#ittise runway.

List of Annexes to the lesson on: Landing
Annex A. When to close the throttle

Annex B. The Tail Dragger‘Wheeler’ landing
Annex C. Keeping straight in a Tail Dragger

Annex D. Taxiing a Tail Dragger on a Windy Day
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Annex A
When to close the throttle

In all of the discussion of landing technique it isumsed that the aeroplane has
reached the ‘keyhole’ at the correct threshold speed. Bat whyou have
misjudged the approach and arrive a little ‘hot’? In daise the pitch rate during
the flare will have to be slower to avoid ‘ballooning’, th&d off will be more
protracted, and the touchdown will occur further down the run@ysing the
throttle a small distance before passing through the keyhaledepending upon
how fast you are going, help rectify this situation. tha other hand if the
aeroplane is a little slow it would be foolish to close tinrottle at the
commencement of the flare as the wheels would certéanhve’ before you
had attained the landing attitude. In this case the p®heuld be carried
through the flare and the throttle only closed when levghflin ‘ground effect’
Is achieved.

But assuming that the correct threshold speed is attdimeze are still a couple
of things which influence exactly when the throttle shoul@lbsed. The first is
ground effect and the second is aircraft mass. As | meedion the main text,
the position of the wings will determine how much grourfdatfis experienced
by the aeroplane. During the flare the wings of a low wing@ane will
experience ground effect higher and sooner than those of avimghaeroplane
so the throttle can be retarded at the commencement diatbe whereas the
throttle of a high wing aeroplane should be retarded toward thefehd flare.
Now the entire duration of the flare is only 2-3 secosdghere is very little
difference in these two situations but we are nowirigl about the art of
finessing the landing.

There is one other aspect of this question which affieicis wing aeroplanes
and that is the change of trim when the throttle is dos2n high wing
aeroplanes the thrust line is normally below the drag ¢musing a slight nose
up pitch tendency when power is increased, and a slight nosa g@itch
tendency when power is reduced. These tendencies aralhoofiset with a
small elevator input, but during the flare, if the tHeois retarded too soon or
too abruptly, the nose down pitch trim change can slow dke of nose up
attitude change required. This can result in the wheelgrey before the pilot
intends.

Perhaps a more significant factor in determining when teedlos throttle is the
aircraft's mass and therefore its inertia. A light aé&ang will have low inertia
and will slow quite rapidly once the throttle is closedisTwill leave the pilot
little time to stop the descent and establish the colamding attitude. Often in
this case the wheels will also arrive prematurely. Pilgsd to normal GA
aeroplanes will notice this effect when they first agerto land an ultralight
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aeroplane. Carrying the power right through the flare atadtie hold off, only
closing the throttle when the correct landing attitudeapgproached, will
overcome this low inertia problem.

| often used this technique when teaching ‘three pointergiger Moths as it
prolonged the process and allowed the student time to juddartieg better.
As their performance improved the power was reduced tecealliéer and earlier
until eventually the throttle was being closed at the conssraent of the flare,
which is normal for a Tiger Moth.

So what is the correct point to close the throttle irow wing low inertia
aeroplane versus a high wing high inertia aeroplane? Thagessnple answer
to this, but knowing the effects of these variables agjlip you to go out and
experiment in a systematic way, rather than just &zgidly throwing the
aeroplane at the ground and hoping for the best. Of coursef athis
experimentation presupposes that the aeroplane aw@ivéise keyhole at the
correct speed every time, so the old saying that a “goodapipmakes for a
good landing” is particularly true when you are first leagnihe art. The use of
an ARP, as described in Lesson Two, will greatly agsistis.
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Annex B
The Tail Dragger ‘Wheeler’ landing

Since a tail dragger in the three point attitude sitshenground at quite a high
angle of attack, it is vulnerable to directional contnfficulties during the roll
out in a crosswind. Couple this with its inbuilt ‘ground loop’ teraes and a
cross wind landing in a tail dragger becomes quite a clggleThe ‘wheeler’
landing can help alleviate this challenge somewhat @ablerg the pilot to
control the angle of attack during the roll out, but tleishhique has its own
challenges.

A wheeler landing is achieved by rolling the main wheéla tail dragger onto
the ground in a reasonably flat attitude with the tdiewl still well off the

ground. Bearing in mind what | have said in the main téxhis lesson about
the result of the main wheels arriving prematurely, klowve achieve this?

The approach and flare are the same as | described nmaihetext, but once the
descent rate is arrested the rate of change of attitudegdthe hold off is

deliberately slower than necessary to hold height, andnthim wheels are
allowed to gently settle to Earth well before the thpeet attitude is reached.
(See Figure One.) This takes a degree of finesse to avbitgagp a ‘JC’!

Figure One — Main wheels gently ‘rolled’ onto runway.

Once the wheels roll onto the runway the stick is rdofegward a little to lift
the tail and reduce the angle of attack a few degréeselly helping the
aeroplane ‘stick’. Care must be taken not to push the tetacckar forward or the
aeroplane can be ‘stood on its nose’ and damaged, so easy. See Figure
Two.)
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Figure Two — Tall lifted a little to ‘pin’ main wheels onto runway.

During the rollout the rate the tail is lowered to theuyd is controlled by
judicious use of forward stick (down elevator) such thatangle of attack of
the wing is never so great that the remaining airspekdause the aeroplane to
fly off again. Finally, once the tail wheel has beanded, the stick is moved
fully back to pin it down and the remainder of the roll outasitrolled in the

same way as for a ‘three pointer’. (See Figure Three.)

Figure Three — Once tail has ‘landed’, stick fully back.

This technique when used in a cross wind enables the atoaboid the tail up
and keep the wings at low angle of attack, and also maimgiroved airflow
over the rudder, thereby helping maintain directionait@d until the speed
diminishes to the point that the aeroplane can be contrailidthe tail wheel
on the ground. | remember watching a good friend of mine regukmt his
Tiger Moth in crosswinds up to 20kts by lifting the tail tmlstly beyond the
level attitude after wheeling it on, and holding thé @i there until he ran out
of forward stick. The tail would then ‘auto-land’ withethstick held fully
forward as the speed diminished (in a manner similarabwthich | described
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for landing the nose wheel of a tri-gear aeroplane], @nthe time it touched
down the aeroplane had hardly any forward speed remaining.

| must sound a note of caution at this point. | have ,sa&et sat in the cockpit
with, pilots whose idea of doing a ‘wheeler’ in a tail draggeto flare to level
and then shove the stick forward to forcefully put thenméhieels on the ground
and pin them there! At best this punishes the undercartiagecessarily and at
worst, if the pilot has flared too high to start with, caash the aeroplane! You
must fly the wheels smoothly onto the runway FIRST, be&asing the stick
forward a little. Finesse, it takes finesse.

Some tail draggers should always be ‘wheeled’ onto the ayrvecause they
should not be ‘three pointed’! These are usually older styleltaggers whose
three point attitude is the same as its level statude and that have ‘dodgy’
stall characteristics. These dodgy stall charactesisre usually associated with
highly tapered wings, causing tip stalling. Probably the best kreodample of
this type of tail dragger is the venerable old DouglasD&lrliner. You will
never see one of these aeroplanes ‘three pointed’vaagadrop just prior to
touchdown could be catastrophic in a ‘Gooney Bird'.

-

Wheeling a ‘Gooney’

Conversely, | always three point my Pitts even in thengst of crosswinds,
because it has the controllability to allow it and the damped rubber
undercarriage bungees love to be given a chance to bouncack@to the air
if 1 misjudge a wheeler. Other models of the Pittage with spring steel
undercarriage struts and other similar aeroplane types bweaviator the
option.

In the ‘good ol' days’ when tail draggers were the norliper grass airfields
were also the norm, so the aeroplane could always be lanaedhetwind.
Nowadays narrow sealed runways virtually guarantee a cnugsso if you are
going to fly a tail dragger being adept at wheeler landingsiscessity.
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Annex C
Keeping straight in a Tail Dragger

As mentioned in the main text of this lesson, keeping stralghig the roll out

in a tail dragger can be a challenge. This is becaesaeitoplane is directionally
unstable and direct forward visibility is often non-ésag. To control these
unstable characteristics, the aviator must learn tp dance’ on the rudder
pedals to keep it rolling dead straight, but where to look tothlgetcorrect

information to do this?

Keeping straight in a tri-gear aeroplane is comparatisehple; you focus on
the centerline some distance ahead of the aeroplane camdvigual balance
mechanism provides you with the cues which enable you tceatoany
deviations before they become excessive. We do the saatailrdragger!!

Huh! How can this be when our forward field of view is fafllengine cowling
and we don'’t have ‘x-ray vision'?

To explain | must digress for a few moments into sonmaple human
physiology, particularly that of the eyeball and the balar@Eeitation
mechanism. Eighty percent of the information the braguires to balance and
orientate itself (and you) comes from the eyes. Theales an amazing device
which enables us to see things, but all things are natesspaally clearly. Focus,
really focus, on a letter, any letter, in the middle lo$ page; it's really clear
isn’t it? Now without changing your point of focus, be asvaf how many
letters you can see clearly either side of the foetisrl Not many stay in focus
do they? Maybe one or two on each side only. This is bethastcal vision’
of our eyeball subtends a cone of only about one degrdstwie remainder of
the 150° of our field of view is our ‘peripheral visionb &hat!?

The focal vision cone defines to the brain where we wangaobut the
peripheral vision provides the orientation data which enaide$o go there.
(This is why my daughter kept going to the tree when she lookegdbetcause
her brain thought it was the goal.) So in a tail dragd@eveilook off to one side
of the nose the brain will take that as the objectia \ae will go there!

Try this simple exercise. Look out of the window at aatistpoint; now hold
your finger up at arms length near to where you are focléed@. move your
finger from side to side....what do you see? Only a finger mowoyv focus
on your finger and once again move it from side to side. Nmwwwill be aware
of everything in your field of view moving, even objects waysae your point
of focus. It is the awareness of the movement of ymtire field of view which
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is the data the peripheral vision sends to the brainghlgeznabling it to correct
for directional deviations.

So during the roll out after a three point touchdown iailadragger, focus on a
point on the engine cowling straight ahead of you and use tbemafion
streaming into your brain through your peripheral vision to ketepigét.
Initially this will feel strange, because we are usuabje to focus on where we
wish to go at all other times in our life, so breakingathis ‘habit’ takes some
concentration, but trust me it works.

When | was instructing landing technique in my Pitts S2/ould tap the back
of my head during the roll out to emphasize that thathere the student should
be focused. (The instructor sits in the front seat itis.) Now this technique
not only works during the roll out but is also the best whyletermining the
flare and the hold off too. After all, once the flagestarted the engine cowling
starts to get in the way so where else are you goifgpk?

Even though it was possible to drop the cockpit side panasTaer Moth and
lean out a little, thereby getting a better view of #mproach, as soon as |
commenced the flare | would sit up straight and use my lpenap vision for the
landing. | have watched Tiger Moths run off the runway sttihe pilot craned
his head out the side to see where he was going duringltizait. They all ran
off on the same side as the pilots head was protruding.

Maintain your straight-ahead focus on the engine cowling andaape on the
pedals until the aeroplane has slowed to taxi speed, and tbhemay look for
the runway exit and taxi off the runway, being aware obfthose things | am
about to discuss in Annex D.
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Annex D

Taxiing a Tail Dragger on a Windy Day

Because of the unstable undercarriage configuration of ilaDragger the
tendency for it to swing into the prevailing wind is alwgyesent. However,
additional care must be exercised over where the dostick is positioned
when taxiing in moderate or strong winds, because direttmmdrol can be
even more easily lost, or worse, the aeroplane can beegbaon its nose!

Let's talk about the latter, more spectacular possibiirst. Imagine that you
have just performed a perfect crosswind landing in a crodsisam your left.
You have pinned the tail wheel with full back stick amvdén moved the aileron
control to the left during the rollout. Now at taxi spegal) turn off the runway
onto the taxiway on your right whilst keeping the stick fullykband over to the
left, but now that you have turned through 90° your comtosition is all wrong
for the relative wind direction you will now be experiencing

The crosswind has now become a tail wind and this tail wiay be stronger
than the slipstream from the idling propeller, resultinginflow over the tail
from the rear, which, because of the elevator angle, liiathe tail off the
ground and stand the aeroplane on its nose! Surely thdtlwake a lot of force
you may think. No, a tail dragger can be quite light at theWhen | was 17
and worked as a tarmac hand at the local aero club | wogldarey move Tiger
Moths around by picking up the tail and placing the rearcénitle fuselage on
my shoulder and ‘walking’ the aeroplane to where | wangabsition it. | have
also moved my Pitts around in a similar fashion. The poinbtshow strong |
am, but how little wind is needed to pick up the tail and tthie aeroplane onto
its nose. A few years ago | watched as the pilot Bits Special achieved this
exactly as | have just described. See Figure One.

Tail
Wind

Figure One
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So what is the counter for this? Obviously don’t havestiek fully back when
taxiing with a tail wind. But how far forward should we moveJdit3t enough to
set the elevator parallel to the ground. This means ttieattail wind will
encounter the elevator at zero angle of attack but thdiztakat a negative
angle of attack, thereby providing a downward force to pintahedown. See
Figure Two.

Figure Two

If you increase power such that the slipstream is gréladm the tail wind then
the slipstream will encounter the stabilizer at zero ergl attack and the
elevator at negative angle of attack, once again prodaco@vnward force to
pin the tail down. See Figure Three.

/] _ Slipstream greater than tail wind

Figure Three

Before you taxi anywhere, sit in the cockpit, look over yshoulder at the
elevators and determine where to put the stick to poditierelevators parallel
to the ground. You will find that it will be approximatelylhaay between

neutral and fully back.

What about the aileron control? Directional controfficlilties can be
encountered in a tail dragger if the ‘into-wind’ wing isddttoo much by the
prevailing wind. Remember the wings are at or near thakimum lift angle of
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attack when on the ground, and are therefore more suseemtiind effects

while taxiing, especially if they have any dihedral oesw back (like a Pitts or
Tiger Moth). Obviously the pilot should move the aileromtcol to offset the

wind effect as much as possible, but which way to md¥ve it

When taxiing with the wind coming from anywhere within tihent 180° the
stick should be moved ‘into’ the wind, but when taxiing with tiad coming
from anywhere within the rear 180°, the stick should be modedn wind’!
Huh! When taxiing with the wind coming from the rear hgphiere it will be
flowing over the ailerons in reverse and, just like ¢f@vators in the previous
example, will tend to lift them if they are held ‘sticko wind'.

So putting this all together: when taxiing with the relatwead coming from
anywhereaheadof abeam....stick back and ailerons into the cross wind. When
taxiing with the relative wind coming from anywhdrehindabeam....stick only
half back and ailerondownwind See Figure Four.

Head Wind L Tail Wind  —=
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Figure Four

There is an old adage that says, “The landing ain’t tillethe chocks are in
place”. This applies especially to tail draggers. Frontithe the aeroplane has
decelerated to taxi speed at the end of the landing mellpitot must be alert to
the direction of the relative wind and position the costaalcordingly. This will
mean moving the stick around the cockpit quite often as tlopla@e follows
the taxi route back to the parking area. Keep thinking “wisetiee relative wind
coming from now” each time you turn, and don'’t relax yoameentration for a
minute.
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Lesson Four

Short Field Landing

Why do we need to learn a short field landing technique? Qbliave need it
when the runway we are landing on is too short for a nolanaing! But how
often is this likely?..... Rarely.

The simple fact is that, as a private pilot, you walely need to land at an
airfield which is so short as to require this techniqueu Yimy argue that the
‘crash comics’ published by the various regulating autibs are usually full of
stories about aeroplanes that have ‘over-run’ the ruromaginding. True, but if
you read the reasons given you will note that their pilcgre not even making a
reasonable ‘normal’ approach and landing. They werallystoo high or too
fast (or both) or landing ‘downwind’ (!), and elected totwwyrescue’ a botched
up approach and not go around; touching down so far down the rumagy
there was insufficient distance remaining in which opbt

There is an old aviation adage which says: “the runwaynbdgfou is as useless
as the altitude above you and the air in your tanks!”

A well executed ‘normal’ landing will be sufficient on 99846 all airfields you
will choose to land on. Think of it this way; most shorpstrare usually situated
on someone’s private property, and this someone is probginlyade pilot with
an aeroplane of similar performance to yours and no maatttlan you. So
the owner is not going to risk his or her neck, or aeroplagedeliberately
making the strip unnecessarily short. Occasionally you withe across a really
short strip and it will be obvious why it is not longer.efé will be an obstacle
in the way, like a hill or a creek or a stand of tréfegou choose to land on such
a strip you will need this short landing technique. Of cewsu can always
choose the option of not landing there too.

| must also emphasize that a modern light touring aeroptametia purpose
built STOL aeroplane (Short Take Off and Landing); thenefit cannot be
safely landed much shorter than it could using a good norn@ihiatechnique,
and it cannot approach much steeper either. | am often bdroyseung flying

instructors who demonstrate their short landing technimyuapproaching very
slow and very flat and attempt to put their wheels onvérg edge of a normal
length runway to impress their students. If the terraimragghing a real short
field allowed that, it would contain more runway and woiildhe a short field

anymore! Short fields are short because there are obstables should be
avoided. These same obstacles can also cause turbuleshcgirad sheer, so
aiming to touchdown on the very end of the runway and notvelg for the

possibility of last minute ‘sink’ is inviting disaster.
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| have spent some time as a check and training captaiapnaPNew Guinea
flying DeHavilland Caribou aircraft for the Royal Austeali Air Force. The

Caribou is a purpose built STOL aeroplane which weighs 28,54tdbhas a

98ft wingspan with full span double slotted 80° Flaps and revbrast. It can

land in the same space as a Cessna 172. Now, PNG comiams airstrips

which were still challenging for this aeroplane (see thete at the end of this
lesson), and the terrain never allowed Caribou pilotad&e a flat approach to
any of them. Also, if any pilot developed the bad habitiwirag at the very end
of the strip and not allowing for a possible undershoot hesubgect to many
sessions of ‘retraining’, usually back home in Australia.

Did | say | was bemused by flying instructors who teactn sagpallingly bad
techniques? Try angered! They are giving the wrong megedgeir students.

So one day you may be flying a normal aeroplane into a shigrive&a a normal
approach angle. All you can do is reduce the kinetic eneajythle aeroplane
will have at the keyhole a little, thereby reducing tiwd off distance and
giving those little brakes a better chance of dissipatingréngining energy
within the remaining runway after touchdown. How do you dd?hat

First let me answer the obvious question; “how muchwearsafely reduce the
kinetic energy at the keyhole?” Which can be translated“mw slow can we
safely be at the keyhole?” The answer is 1.2Vs. Thesrdifice between the
normal threshold speed of 1.3Vs and the short landing thicespeed of 1.2Vs
for most light aeroplanes is only about 5 knots. This 5 knotmiffce contains
the kinetic energy we would normally dissipate during thd b#f, so if we can
dissipate it before we reach the keyhole we will elimirtate ‘float’” down the
runway during the hold off, and touch down quite close toimitial aim point
(which should NOT be the very end of the runway!). To awariiving like a
bag of wheat we need to adopt a technique which will soNide a ‘non-wheat
bag’' landing, so let’s discuss this technique.

First, we set up a normal approach as detailed in Le$san If we have
assessed the wind correctly we will stabilize the approath either the
primary ARP or a ‘dot’ below it (adjusted ARP) on the ainnpoYes, we will
be using the same 150 meter aim point too. When at doubldidtace we
normally use as a slowdown point, that is, at about 40€rsdrom the
threshold, select full flap and allow the aeroplane davslContinue holding the
ARP on the aim point. The aircraft will slow to its n@l threshold speed by the
time it reaches 200 meters from the end of the runway,tlaen will continue
slowing down. This is where the slow speed technique ‘kickslfinbnce the
speed slows below the normal threshold speed, we don’'t mg@kegaessive
attitude correction the aeroplane will start to ‘sinkbg. To prevent this ‘sink’,
the nose must be raised at such a rate that the aerauaatieues toward the
aim point. The ARP will of course no longer be indicativigere the aeroplane
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IS going, but you will be able to assess where itamg without the ARP
because you are now only about 200 meters from the aim poidtyou will
have become proficient at ‘normal’ landings prior to thasning).

At about 100 meters the speed will have reduced to 1.2Vtharakroplane will
be in about the cruise speed level flight attitude andirggntoward the aim
point. (Figure One.) Because the aeroplane is now ofbélo&side’ of the drag
curve it may be necessary to momentarily increase povitledao maintain this
speed.

Figure One — 100 Meters at 1.2Vs

As the aeroplane enters ground effect at the keyhole, bwabbse the throttle
to idle power and simultaneously raise the nose to thealdanding attitude
and hold it there (Figure Two).

Figure Two - Touchdown.

The aeroplane will perform a ‘half flare’ without fulleveling off and quickly
settle to the ground. The main wheels will make contaitt the runway at or
just past, the aim point. (Figure Three.)



Figure Three

The touchdown will be with a slight ‘bump’ as the wheelkeneontact but this
Is to be expected. Hold the stick till the nose wheealdamwhich it will do quite
quickly, and then pull it all the way back as you applylifakes. Use the brakes
judiciously because you will probably be landing on grasd, it is easy to lock
the brakes and slide on grass, which of course will ajg$ive braking efficiency
and undo all of the good work you have done to achieve a good sidrt f
touchdown in the first place. With the stick held haatk you will achieve two
things during the roll out. The first is to increase libeed on the main wheels
(just like the ‘spoiler’ on the back of a race car) amel $econd is to reduce the
load on the nose wheel strut and help keep the propellerafldse ground.

Annex A to Lesson Three discussed when to close the éhmekién making a
normal landing. Many of the considerations discussedyappthe short field
technique too. For instance, closing the throttle at the kewmorks for a low
wing aeroplane but may result in a ‘too positive’ touchdowrm ihigh wing
aeroplane, so delaying the throttle retardation a littleetarding it just a little
more slowly should smooth things out a bit for a high wing aerepliyou are
flying a low inertia aeroplane, closing the throttle jusobefthe wheels touch is
probably the best technique. | must add that | have neveuetared a field so
short as to require this technique in a low inertia aengpla have landed an
ultralight on a cricket pitch using normal landing technique!

Now a note of caution. If you have misjudged the apgr@ax have closed the
throttle fully in order to slow to 1.2Vs at the keyhole, youyrba developing
such a high sink rate that just setting the landing attituilanot prevent a ‘bag
of wheat arrival'! If you feel this happening in thetld9ft or so, (and yowill
feel it) hold the attitude and give a short burstpofver and accept touching
down a few meters past where you had expected. Theoepeint damaging the
aeroplane to save a few meters of roll out - indeeckifiid is so short that you
feel required to accept this possibility, what the hedl you doing attempting a
landing there in the first place!?

You may also find that the wind and the approach area olstpobeluce a
downdraft or wind sheer that cause your aeroplane to suddemyshort of
your aim point as you pass through the keyhole! If you lzaned 150 meters
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‘in” you will at least touch down on the runway, but ywill also need to give a
short burst of power to avoid being a wheat bag.

| want to reiterate what | said in Book One - Lessori/®, regarding threshold
speeds and runway length when a ‘crosswind’ prevails. Crodsvaire normally
associated with headwinds, so in such a wind it may not besaegds adopt
short field technique at all. If the field is so shorttthademands the slowest
safe threshold speed but the crosswind is so strongt tk@tiands an increased
threshold speed, then that is the day you go and land sareelse. Of course
any headwind means that the aeroplane’s ground speed letythele is less,
and therefore its kinetic energy relative to the grounkédss, so it may not be
necessary to adopt the technique | have just talked aballit a

Finally, let me emphasize that a good short field landingireg_all of your
attention. Do not allow passengers or the radio to break yowentration
during this crucial stage of flight, or this could happen to you:

The result of my Caribou instructor’'s demonstration @ motto land on short
‘one way’ airstrips in Papua New Guinea, whilst talkmrg the radio! (April
1971)
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Lesson Five

Glide Circuit

In Book One - Lesson Nine, Gliding, | opened with the statd: “Gliding is a
sport enjoyed by hundreds of thousands of aviators world wids. usually
done in purpose built ‘sailplanes’. For the rest of us,imgdids usually done in
the event of a power failure or practicing for the indotlggpower failure”. (Yes,
| said inevitable!...If you have decided on a flying catewill happen to you!)

In this lesson | wish to describe my technique for converéintheoretical
knowledge about gliding into a practical and easily execptededure for
judging and flying a glide approach to a chosen landing site,hejiging you
and your passengers the best chance of surviving that inevaagine failure.
In this lesson | am going to discuss just the final gtitleuit from a point abeam
the chosen touch down point as this is the most cripagl of any ‘engine out’
forced landing procedure. | will discuss how to select anchréas point in the
next lesson.

| have found, over the years, that many pilots avoidtjgiag glide circuits
because they don't fit into the ‘traffic pattern’ atithlecal airfield, or they are
embarrassed when they misjudge them and ‘die’. Thels¢s pdevelop the
ostrich approach of putting their head in the sand and h@mngngine failure
won’'t happen to them!

| am also bemused when | hear of flight schools whichht@atype of glide
circuit at their home airport which is designed to fit irtie tocal traffic pattern
and which differs from what they teach as part ofrtf@iced landing training.
Why should there be a difference? A glide circuit in a moderopéne has no
application other than pilot practice for an engine out sdnalf the forced
landing glide circuit is not compatible with the local antpwaffic, go find a
satellite field where you can practice without interropti My technique is
incompatible with normal airport circuit procedure, so yoel going to have to
find somewhere other than your local field if you chooseréatire it, unless of
course, you are based at a quiet airfield that can acodatmit.

Nowadays the pilots of modern aeroplanes are taught to mp&eer assisted
approach and vary their approach path with attitude and powgsta@nts, so
even ‘compatible’ glide approaches are not practiced nergh. But how near
the ‘real thing’ is this practice anyway? Consider this: aro@lane engine
idling on the ground is turning at approximately 600 RPM and dinglispeed
about 1000 RPM, (I refer you back to Book One - Lesson Hduyst, for the
reason for this) so in a simulated ‘engine out’ glide the propmlldelivering
some thrust, or at least not creating drag. This wifirove the aeroplanes glide
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performance by 5-10%! The reverse applies in a real ergilure as the engine
is now being driven by a ‘wind-milling’ propeller and as aule#s drag, and

therefore the total drag, has increased significantlys Thisomething which
cannot be simulated with safety but does have a marked iofuen the

aeroplane’s ‘real’ glide performance. (This wind-milling pritgredrag is the

primary reason that multi-engine aeroplanes have feathprops.)

The final landing which results from an engine failureaiely performed off a
‘straight in’ approach from the point of failure. Indeedwvbuld be foolish to
attempt one (given a choice) as there are fewer opticaitable to the pilot to
ensure a safe outcome. All flight schools teach soonm fof pattern which
should be flown around the intended landing site to give thespmaximum
flexibility in their judgment. This pattern involves fing the aeroplane several
times and, as we saw in the lesson on manoeuvring (Book ise;volves an
increase in lift induced drag. To reiterate, an aftcha a 45° banked turn
requires 1.4 times more lift from the wings than it didstraight flight. This
means that in each turn the angle of attack of the whagsto be increased to
1.4 times that required for straight flight, which meang thea induced drag
doubles! (1.4%2 = 2.0). Now if you remember my ‘rule of thumbg total drag
has increased by a factor of 1.4 too. So, turning the aesplaoses the
minimum drag speed to increase, which of course meanghhdbest glide
speed’ increases too! Also, as we saw in that leskertutn rate and radius may
also be a factor which determines the bank angle we must use

So what is the ‘best glide speed’ at any point in this glideut? Well it is
obviously going to be different to the one declared in thepda@ne’s ‘Flight
Manual’, but who knows exactly!?

Let me now talk a little about the philosophy of forced lagdprocedures. At
bottom line, what is the purpose of a forced landing proce@dtlire primary
objective (really, th@nly objective) is to give the occupants of the aeroplane the
best possible chance of walking away from the situatietathed. Everything
else is secondargverything. If the aeroplane survives intact, that is a bonus,
but attempting to ‘pull that off’ as well, should in no way degrgour chances

of achieving the primary objective.

Consider the common ‘teaching’ of using the publishedt‘gkde range speed’
to fly the whole pattern including the final approach. Supplesewhen at 200ft
the aircraft starts to ‘sink’ short of the chosen fidkising the nose attitude at
this speed will not help; indeed it will make the situatreorse. Using best glide
speed means it doesn’'t get any better - there is nothing enve¢qlt is like
planning a cross country flight to the last drop of fuel and thening out of
‘gas’ one mile short of your destination! You just wouldto it....would you?)
Having an extra 10 or 15 knots of airspeed on final approachgw# the
aeroplane a reserve of energy to compensate for unexpsictédand potential
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undershoot (it will also allow you to ‘penetrate’ into thedmwind you should be
landing into). So now, if the aeroplane does start to uhdetsthe nose attitude
can be raised a little to convert this extra energy irgtadce, and the aeroplane
can ‘make it’ to the field.

We can sit back in our chairs at home and pontificate apd'well the pilot
should have judged the approach better”. Well, yes heldhout he didn’'t. Do
he and his family (let's assume they are on board too) wesedie because of
a slight misjudgment whilst under stress, which allowedath®plane to sink
short into the trees and break up? | don’t think so! “Buili might argue,
“what if there is no sink? Now the aeroplane will @erat the touchdown point
15 knots ‘hot’ and float, perhaps running into the trees affahend of the
field”. Good point, but the proper use of sideslip can wa$hmoich of this
excess speed right up to the point of touchdown, and ‘dumfheglaps at this
point will eliminate the tendency to float. Once on theumd, the use of
maximum braking should dissipate the rest, but if it kidks like it won’t stop
within the remaining distance, just take the foot off ohéhe brakes! This will
cause an immediate ‘ground loop’ (even in a ‘tri-gearopkne), which will
dissipate the remaining energy. It may also collapse the cardge, but the
aeroplane will only continue another 20 meters or so befa@mes to rest in a
cloud of dust, damaged but right way up and essentiallytjnédlowing the
occupants to dismount unscathed....... primanyy() objective achieved.

So what is the ‘best glide speed’? It is the speed which gnesccupants of
the aeroplane the best chance of surviving an engine faihseathed.

| have sat in the right seat with licenced pilots (mained by me) whilst they
have flown a glide circuit as part of a simulated forced itapgrocedure,

gliding at the published ‘best’ glide speed, and have wdtthem accept a
gross overshoot situation when gliding down final approachréthe lowering

the attitude to attain their chosen touchdown point. Wieaiethey thinking of?
Where were their priorities? If lowering the attitudaises the full flap (which
should be extended by now) limit speed to be exceeded, so whia Ar85 or

even 95 knots if necessary, use maximum sideslip, ‘dunepfléip as you flare
and continue with the braking technique | have just meatlo (In all of these
cases the student had not been trained in the ‘art’ okBpeng either!)

There is a golden rule which states that: “The chaatssrvival vary inversely
with the angle of impact!” Therefore if you ‘arrive’ undewntrol at a tangent to
a flat surface your chances of survival are good, but ftytrees or stall and flip
to a vertical impact with the ground and your chancegzen@

So what is the best glide speed? Whatever works to enatrgan and your
family live through the experience!
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Okay, so how do | teach my students to fly a glide circuit? gviycedure
involves a constantly turning approach centered on the chosehdown point
until a straight final approach path is intercepted. Leerpand on that.

Imagine you have a plastic funnel, the sort you uselltodrrow neck bottles
with, and imagine you roll a small ball (like a ball beg) around the inside rim
of the funnel. Gravity will pull the ball toward the hodé the bottom of the
funnel whilst the momentum of the ball causes it to rauad the inside in a
circle. The resulting path that the ball takes will be isapf decreasing radius
(a conical spiral), as it descends toward the hole didtiem, see Figure One.

Figure One

When viewed from above, the path the ball follows lookstlikg Figure Two.

Figure Two
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If you were riding along on the ball and you looked down towiaedhble, you
would note that it was always at the same angle down frormdmbal regardless
of how far down the inside face of the funnel you had temkeThis is an
important point so | will reiterate. As the ball descendgets closer to the hole
such that at any point on this conical spiral path tigdeadown to the hole is the
same as at any other point and is, of course, the ah¢fe cone of the funnel.
This is depicted by the radial arrows in Figure Three.

Figure Three

Now imagine that the ball is a gliding aeroplane, andtigle of the funnel wall
is steeper than the aeroplane’s glide angle. As the aseoplescends it will
follow a similar path to the ball, and if at any point de spiral it were to turn
and point directly at the hole, it would be flying down a gé&eeapproach path
than its optimum glide angle, thereby virtually guaranteeingithrzould ‘make
it' to the hole. Indeed it would make it to the hole swiat faster than glide
speed, necessitating some form of braking to control iesdspe

Finally let's imagine that the hole at the bottom of thenel is a chosen aim
point on a suitable landing field and that the path stralghin the inside of the
funnel is the final approach to land. The point at which to tuto @ms final
landing approach will of course be defined by the orientatibthe chosen
landing path (runway). See Figure Four
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Figure Four

So we fly our aeroplane around the aim point, holdingat @nstant angle until
we can intercept the final approach path aligned with the ‘rynv@nce we
have turned the aeroplane onto final approach we aitrthieaaim point (using
the ARP) and control the speed with sideslip and flap.

How do we determine the angle to the aim point whilstioigcthe field (the
angle of the funnel)? This will depend upon the aeroplanedegeee; however
most light training aeroplanes have similar glide angles. Wdlu have to
experiment with this a little but this is how | seuft on my aeroplanes. | use
one of the rib lines defined by a line of rivets onwhag to define the ‘funnel
angle’ when the wings are level as shown in Figure Five.

Funnel Angle

Figure Five

Figure Six is the same angle as viewed from the cockpit MNwatt the angle
looking down at the wing reference point is the same asigée to the aim
point.
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Aim Point
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Reference Line

Figure Six

As each of the aeroplanes in my fleet became due éim#vitable repaint, |
redesigned the paint scheme to define this rib line withgtnipes as shown in
Figure Seven in order to make it easier for my student pbotsetermine the
correct angle.

Figure Seven

What if you are training on a high wing aeroplane? Wellh® best of my

knowledge all high wing training aeroplanes have wing strotsnarking a line

on each strut at the appropriate place will do the t(icke the ARP white board
marker). | once operated a Cessna 152 Aerobat for a whdlé permanently

marked the angle with electrical tape on each strutFgpee Eight.

Reference Mark ——» =l %

Figure Eight
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The question has obviously popped into your mind at this point: hawhist
mark, set up wings level, be any of use when the aerosaranked in a turn?
Good question. The radius of the turn is such that ordynall bank angle is
required to fly the curve, so in order to use this andlreace line, it is better
to make a series of small turns through about 15° to 20%igeeldange and then
returning to wings level to check the angle. This has tearstage of
positioning the aim point just ahead of the leading edgdefiting (on low
wing aeroplanes) so that the angle can be assessed befoamrtdpane’s
forward motion causes it to move back and be obscured by tige (tiwill also
move outbecause we are descending.) So the actual flight pathediédrom
above, looks like that in Figure Nine. (Of course this ‘probleimkeeping the
aim point in sight is not a problem in a high wing aeropldm# you will still
have to level the wings to check the angle.)

Leq length decreasing.
Angle of furn increasing.

N\

Figure Nine

Note that as the aeroplane descends deeper into the fuanatiividual ‘legs’
become shorter and the angle through which the aeroplaned sbeuurned
increases because the radius of the funnel is decreasing

In the last part of the funnel, from the position abehenaim point to the point
where the final approach is intercepted, any ‘wind’ witjuie the aeroplane to
be angled toward the airfield to stay on the funnel; this aitomatically

compensate for drift and will make the aim point visibleaxh of the leading
edge at all times, as shown in Figure Ten.
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Drift angle prevents wing from

obstructing aim point.

Figure Ten

Okay, so now we can determine whether or not the aempdapositioned on
the funnel, but what do we do if it is not? If the aim p@ippears outside of the
reference line when we level the wings we are obviousiymiole and at too flat
an angle, so the next turn must be more positive to magerciConversely, if
the aim point appears inside the reference line weoarelbse and at too steep
an angle, so we either have to turn away a little or dilaynext turn toward
until, due to the fact that we are descending, the aimt ppoves out to its
correct position. (If we are very close we may haveold heading until the aim
point appears behind the trailing edge of the wing.) FigureelBlshows these
two situations.

Vv 27

e mma ) — %

Figure Eleven (A) Outside, too wide. Figure Eleve{B) Inside, too close.

| now refer back to the opening paragraphs of this lesson whezationed that
a windmilling propeller is going to cause a steeper glide ahgle can be safety
simulated. This will simply appear as a tendency to fly vadehe funnel and
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can be easily corrected by turning in more positively.hia way this ‘funnel
technique’ automatically compensates for differenceagide angle. | will return
to this point again in a moment.

It is now time to discuss another factor, and that isheight above the chosen
landing field. First, if the field is not at sea leyelur altimeter is not going to
give you a true indication of your height above the fiehdieed you may be
unaware of the exact height of the terrain over whimh gre passing when you
do suffer an engine failure, and valuable time can bergsigtto figure it out.
Second, the altitude that you will be flying will, most prolyalnot allow
sufficient height above terrain to allow you to fly a prolahgpiral descent as
depicted in Figure Two. So the altimeter is of little ase we can only be sure
we can fly a piece of the spiral.

The piece of the spiral we aim to fly is the arc bewé¢he point abeam the
touchdown point (flying downwind) and the point where we intetr¢ke final
approach, and we position the aeroplane at the startofathiat the correct
angle to the aim point regardless of our altitude byipbur reference line on
it. Obviously the lower we are the closer we will beha start of this arc, and
the tighter will be the spiral and the shorter will @ final approach. Within
reason, it doesn’t matter, only the angle matters. Seed-iguelve.

Different length approachs

Tighter spiral—s,

Different
heights

Figure Twelve

During initial glide circuit training | would have my students posi the

aeroplane abeam the aim point at about 1500 ft above the lfakt. | would

cover the altimeter and have them fly the funnel fromows heights, which is
why this technique is incompatible with normal circuit procesaed will not

fit in with other traffic.
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A little earlier | touched on ‘wind’ and its effect @ur perspective. Obviously
the wind will also affect the final approach to the fielddnese, just like in the
previous lesson on the ‘Approach’ to land, we are aimingrid & a moving
aircraft carrier. In light to moderate winds the anglehef funnel will be steep
enough to allow for the flattening effect on final, andkiegping the aeroplane
on the funnel we will automatically compensate for theiomoof the ‘carrier’
before turning onto final approach. See Figure Thirteen. (In \teong winds,
say 20+ knots, it may be necessary to fly a steeper funnegibg the next rib
line in as a reference, and using an adjusted ARP whéimals’.)

Wing' —oa

.S X

‘Camer Motion

q.

Figure Thirteen

As the wind gets stronger we will find that the aeroplavill have to be turned
toward the field long before the aim point has drifted backedehding edge of
the wing in order to keep the aeroplane on the funnel. Thkéyg; the rib line

on the wing is a reference line when the wings arel.léilg the aeroplane so

that the angle to the aim point is similar, regardldsgsoaspect. See Figure
Fourteen.

Figure Fourteen. Aim point appears well ahead of wing du&o drift angle
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What about glide speed? Well as discussed in Book One andiaghis lesson
it is difficult to determine a specific glide speed in themging conditions of
turning, wind effect, propeller drag and the extra energgirements, but |
have found that about 1.2 times the ‘book figure’ is adeq&tee this funnel
technique automatically compensates for differences ae gdpeed, propeller
drag and wind, if in doubt just hold the (cruise speedglletitude and the
resulting speed will be reasonable. See Figure Fifteen.

X

Fast Steep Glide

Figure Fifteen

With a little practice this technique will allow you teliably position your

aircraft on final approach to land on any field, in anpdwvithout reference to
the altimeter or the airspeed indicator, and it will posityou there with

sufficient reserve energy to guarantee making it to thd fiedder control. All

you have to do is hold the level attitude and turn the #mmepo keep it on the
funnel until you intercept the final approach. Once on faggroach, aim the
aeroplane at the aim point using the ARP, having set theespmnding

increment of flap in the final turn. The airspeed indicatill now show you if

you are going to make it. If the speed is steady or incregsingre going to

make it; use sideslip and extra flap to achieve the detireshold speed. If the
airspeed is decreasing you are undershooting the field.. g®di more practice
at assessing the funnel!

Once you become competent with this technique you can betkewith your
fellow pilots about your ability to glide from cruise heigbta chosen point on
an airfield, without reference to the altimeter or éimspeed indicator. Make it a
game, games are fun and you will therefore enjoy pragtittie technique. One
day you will need it for real. You will survive but thstriches will not.
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Lesson Six

Forced Landings

The term ‘Forced Landing’ simply means a landing yaifarced to make for
some reason. It may be because one of your passengerdie need of
medical attention, or because there has been soméprobith one of your
aeroplane’s systems precluding the continuance of fgat,flor it may be
because the weather conditions have deteriorated texest that it is not
advisable to continue the flight. In each of these casesgflio the nearest
suitable airfield and landing there is the most logicaba.

There is another reason to make a forced landing, anthi ieason that | wish
to address in this lesson, and that is an immediate forceshdaresulting from
a sudden and catastrophic engine failure, usually requiriagdanlg somewhere
other than a prepared strip or airfield. This situatiocoisimonly referred to as
an ‘engine out forced landing’ or a ‘dead stick’ landing. (Wi ‘stick’ has
got to do with it I have never been able to figure out!)

Obviously once our aeroplane is ‘engine out’ we will havestablish a glide
and, after some initial checks to see if the problembearectified, head toward
a suitable field on which the aeroplane can be landed glaa circuit. (I will
address the nightmare scenario of an engine failure imregdaiter take of in
Annex A.) Two problems will be immediately apparent. Ting fs the selection
of a suitable field to land on in the limited time ashik, and the second is
deciding if it is within glide range of the aeroplane. Ledddress the first
problem first.

Most flying schools teach a range of criteria to be conséleghen choosing a
suitable field, most of which, whilst not incorrect, canhetdetermined from
the height the glide has commenced. Things like surface andasidpebstacles
can often only be determined when on final approach, whickually too late
to do anything about the situation, so this part of field seleevill always be a
bit of a lottery. If you fly in one particular area regiyacheck out a number of
suitable fields within that area and perform regular engueforced landing
practice on them. This will give you a head start onfdtheed landing process if
you lose the engine in this area. Obviously these fishisild be distributed
throughout the area so you will always be within range r&d of them. Of
course when flying ‘cross country’ this cannot normally be deaave are back
to the lottery. However, regular practice on suitablel§ieh your local area will
build up a ‘portfolio’ of images in your brain which can bediss a reference
when confronted with the problem of quickly choosing adfigl unfamiliar
territory. If, from a similar height, it looks like ond the fields back home,
there is a good chance that it will be like that field.
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Two important criteria which can be assessed from themmmement of the
glide are the size of the field and its orientation wébpect to the wind. Once
again, regular practice on suitably sized fields in yoaal area will give you a
‘yardstick’ to enable you to quickly assess the sizetbér fields. What about
wind velocity? The forecast wind, the movement of cloustlsiwvs, smoke, dust,
and wind lanes on water, all of these things will givel ym indication of the
wind velocity and this assessment should be carried out brengine fails!
Huh! How can this be done if the engine failure is unexp&clidee answer is
simple. An aviator should alwaysiow in which direction and at what speed the
air mass in which he is flying, is moving. This knowledggart of common
airmanship and is useful for so many aspects of flight, sbtigucase the engine
fails. So when flying around looking at the scenery, dont gaze idly at it,
take in the information it is providing you and knaewvhat the wind velocity is.
So when the engine does fail you already know the desirentatian of the
field you are looking for and your preferred landing diractiall you then have
to do is find one that fits these criteria.

| often presented my students with a simple problem comggrthie landing
direction they would choose on a square field with thedvalowing along one
of its primary axis. It was interesting to note that npkits liked to orientate
themselves directly into wind, especially if it wasgil with some observable
line feature like the fence line along the edge offiblel as shown in Figure
One.

10 Knots I g
q; ———

Figure One

In fact the most suitable landing path on this field igdrelly across it from
one corner to the opposite corner despite a reduction tieddwind component
and a small crosswind. On this field the landing distamaelable is increased
by 40% whilst the headwind component is only reduced by 30%ariding on
the diagonal is made. See Figure Two.
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Figure Two

Some simple mathematics will clarify my assertiont’d assume that we have a
‘threshold’ airspeed of 70 knots and that the wind speed isn@. Landing
directly into the wind would result in a ground speed at theshiold of 60 knots
(70-10) whilst landing 45° ‘off’ the wind would result in a grduspeed of 63
knots (70-7). Obviously the ground roll of the faster alnaop will be greater, in
fact about 10% greater, but it has 40% more ground to doTihaend result is
a greater margin of safety to allow for any misjudgmertheffinal approach.

You can see that choosing the longest landing path acrosddaisfienore
important than landing exactly into wind, which is good becawss though
we ‘know’ the general wind velocity in advance, it canly ever be an
approximate figure because of ‘local’ effects.

Okay, now to the second problem, is the field within ‘safege’? What do |
mean by ‘safe range’? Safe range is a range which allonsdarate overshoot
potential thereby keeping sufficient energy in reserve to gtesa not
undershooting. There may be a sealed runway at the thebietitaof your
aeroplane’s glide range, seducing you to ‘have a go’, and winder ideal
circumstances would enable you to ‘pull off’ the perfectéd landing. But the
undershoot area may contain buildings and trees and othel ‘dlastacles
which could terminate your life instantly. In the words ofnCIEastwood’s
‘Dirty Harry’, “Do you feel lucky? Well do you?” Surelly is better to select a
landing site that, whilst not perfect, offers the greaatbance of survival for the
people on board. A controlled crash can be a better ch@ceat®0/50 chance
to live or die. (That's ‘Russian Roulette’ with a hkddded gun!) See Annex B
for more on this philosophy.
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So the chosen field is within safe range if we can ainvehe vicinity of the

field with enough height to fly a glide circuit. How do we asséss? Let's look
at the ‘Funnel’ we discussed in the last lesson, fromffareint perspective.
Instead of imagining we are on the rim of a funnel we imagiaare the centre
of an inverted funnel defined by the same reference timethe wing that we
saw in the previous lesson. The area of ground defingdi®ynverted funnel is
the area in which we search for a field which fits greviously mentioned
criteria. See Figure Three.

Figure Three.

As height above terrain increases the area on the grdefided by the funnel,

increases exponentially. That is, at twice the heilghtdefined area is four times
as large. So obviously the higher you fly the greater ane gleances of locating
the ‘perfect’ field within safe range. See Figure Fourhdle steepened the
angle of the funnel in this picture for clarity.)

Area defined by funnel
increases exponentially
with height above terrain.

Figure Four
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The wind will affect this area too. | like to use the lagg that the inverted
funnel is like the hoop skirt of a ‘Southern Belle from Geargivalking down a
path on a windy day (Mint Julep in hand). The skirt wo#l blown downwind
and so will our defined area. So when searching for a suifeide you will
have more options if you search downwind from your prepesition. You will
also be better set up to join the glide circuit on the downvuagd See Figure
Five.

Area defined by funnel

'blown' downwind.

Figure Five.

Once the field is chosen and the landing direction defined, the aeroplane
(don’t pussy foot) and head toward a position about one milevatiealanding

path at the best range glide speed. As this position is appbaatiean aim

point about 200 meters in from the approach threshold ambeuvre to put
this point at the same angle as the reference line onwioigr Note; this one
mile point is only an initial guide. Since you don’t know whaight you will be

when you are abeam the landing path, you don’t know whiangdis you will be

from the field when you get there and establish the cbmagle either. It

doesn’t matter! This is the whole point of the funnel teghai As you approach
abeam the field the one mile point will have vanished utitenose but the aim
point will be approaching the leading edge of your wing (low vaagoplanes)

enabling you to pick up the funnel to start the glide cir(atithe higher speed
discussed in the previous lesson).

Obviously every landing path has two potential one mile pooris to start a
left circuit and one to start a right circuit. See Figuse ®/hich you choose will
depend upon how close each one is, and | don’'t mean thathguld always
choose the closest. If you have chosen a suitable fielé qlitse to the
aeroplane you may decide to over fly it and pick up theegtiircuit from the
other side to avoid being too ‘cramped’.
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One mile point right circuit, One mile point left circuit.

Figure Six.

Practicing this technique on your favorite fields in ytmoal area from different
starting points will give you a wealth of experience oa biest way to arrive
downwind for the glide circuit. If you are positioned at th#set so that no one
direction of circuit is favored then a left circuit wéhsure you get the best view
of proceedings, as that is the side that most pilotsirsiside by side seat
aeroplanes.

What if you have chosen an ideal field but it is upwind adryposition at the
point of engine failure? It may seem like you are ‘wrongddbto set up a glide
circuit in these circumstances. Not so! Simply glide towhedone mile point as
if you were going to land in the opposite direction and wyenget there make
a ‘U’ turn. Use at least 45° of bank for this turn, &umch toward the field. The
height you lose in the turn will be compensated by the tummetier which will
move you closer to the field thereby keeping you on the fuhmefer you back
to the discussion on gliding turn rates and radius versesfalescent in Book
One - Lesson Nine, ‘Gliding’, for the reason why youddouse such a high
bank angle. Remember, don't ‘pussy foot'.

Alternatively, if you are sure you have enough height, gtitectly over the
field, heading upwind and then make a moderate bank turn ttewind leg,
adjusting the bank angle in the latter part of the turn tweaion the funnel
heading downwind. Refer to Figure Seven.
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Arriving ‘downwind' going the wrong

...or join overhea
way? Just make a 'U' turn. J

turn to intercept the
Funnel when on the
correct angle.

Figure Seven (a) Figure Seven (b)

You will note that throughout this lesson | have used toedwheight’ not

‘altitude’. That is because altitude is what you reaanfyour altimeter and it is
measured from sea level not from the elevation of fielel you have just
chosen! You won’t know your height because you won’t knosvelevation of
the field. Sure, you will have a general feeling of higHow (particularly low

when you can see the individual leaves on the treek}has will assist you in
deciding which one mile point to go for, but once youiarthe vicinity of the

field just fly the funnel, don’t try to estimate your heigabd ignore the
altimeter, just fly the funnel.

Along the way between making all of these decisionsaainding at the start of
the glide circuit, you should double check everything to do Wwi#i, air and

spark to see if power can be regained. You should alsoquutpassengers in
the picture too, and the best way to do this is to talkoua whilst making the
initial decisions and doing these engine checks; this waydae both see and
hear that you are busy and won't interrupt you. (if@lout loud will also help
you to remember those engine checks too.) Finally, wheroliv®us that you

are not going to get the engine running again, you should adlstress call on
the radio to alert the search and rescue people thatnyay need their
assistance. (Your passengers will hear this too.) Teenational distress call is
detailed in the aviation publications of every country seoh't repeat it here,
but | will say that this is not the time for a friendilgat with air traffic services —
they can’t fly the aeroplane — only you can do that.

| have seen and heard pilots in both practice and teakisin get so hung up on
saying things correctly and then replying to the responsegytieiat the glide
circuit goes ‘out the window’ and the whole thing becomes astis. All you
have to say in a loud clear voice is “Mayday” threees and your “Call sign”
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three times. The guy on the ground at the other end dfghsmission then has
plenty of time to work out the meaning of what he hashestrd. | am assuming
that, for local operations, someone at the departale (iike your aero club or
flight school) knows the area in which you are operatimg, i& you are on a
cross country flight you have filed some sort of flight plathvihe air traffic
services. As long as the guy on the ground has yourigalle can then track
down where you are most likely to be...that is his job. Yourigoto survive,
and if you do your job properly you can phone in the detdilgour ‘incident’
from the nearby farm house.

Of course carrying one of the new 406 Mhz Emergency Lod&aacons can
alleviate all of this radio chatter; just activate theacon and let the GPS
satellites alert the rescue services and locate you.

Now all of these extra things have to be done in only aleoap minutes
between turning toward your chosen field and starting the giideit. Neverlet
any of them spill over into the glide circuit part of thecedure, the glide
circuit requires your absolute concentration becausengou only have about
another two minutes to determine whether you and your passeargegoing to
live or die!

Annex A: Engine failure after take off!

Annex B: Some further thoughts on surviving an engine failure
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Annex A

Engine Failure after Take Off!

Probably the worst scenario for an aviator, except perhagsfor flight fire, is
an engine failure shortly after take off. Statistics w€raft crashes involving
fatalities show that this is an extremely hazardousasdn and one that
demands careful thought before each and every take off. An elagune fafter
take off is clearly a ‘worst nightmare’ situation, yevshpilots adopt the ostrich
approach and bury their head in the sand and don’t think abdt®riaying to
God and Pratt & Whitney” is a phrase | have heard moredhae.)

The standard teaching for this situation is “land straigktd, never attempt to
turn back to the field” and yet so many pilots faced with isation have
attempted to turn back, usually with disastrous result. Whig# obviously at
many airfields which are surrounded by buildings, housesacdimer obstacles
there are no suitable places to land straight ahead mtbesilot tries to make
it back to the only flat piece of ground around and failsavehoften heard the
argument, “well if he knows he is going to die anyway hghtas well give it a
shot”. Fair enough, acts of desperation go beyond reasonyénwiethis pilot
had had some more training in what was possible and whahetasie might
have been able to make a better choice of where to gake acontrolled crash
and maybe survive.

| wish to discuss some considerations and suggest samig exercises which
can help you make better choices if this nightmare happeytu.

First | ask the rhetorical question: “when is an akne@ no longer ‘after’ take
off?” When we are cruising at three or four thousandvieetre certainly ‘after’

take off, but at what point is it obviously possible to makE80° turn? That is,
where does the take off phase of flight end? There ismplsianswer to that
guestion as it depends upon the performance of the aerdqplashéhe pilot) but

since | am going to suggest in a moment that in certatmirastances turning
back to the field is possible, and to avoid the mountain eéthdous responses
| will get from readers for even suggesting that th@dgn rule’ of “never turn

back” can be violated, | am going to coin my own definition bkve the take

off phase ends.

“The take off phase of flight ends when it is polgsto turn back to,
and land on, the departure field”.
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This definition now begs the question; “When is it possitd turn back?” |
repeat that it all depends upon the performance of your a@epind you. So
now that | have side stepped the issue of “never turn dat& discuss how you
can determine what is possible for you.

In Book One - Lesson Nine, ‘Gliding’, | discussed heigidsl versus rate and
radius of turn whilst gliding. If it has been a whilee@ you have read it, go
back and read it again now. Then, based upon the theoryiremhtan that
lesson, try the following flying exercise in your aeroglan

At a comfortable height above terrain (say 2-3000ft)#ista a climb along a
clear line feature like a road. When your altimeter paasesnvenient figure,
say 3500ft, close the throttle, immediately lower theentmsthe glide attitude
and roll into a 45° banked turn. Note how much height has beeaslake turn
passes 180° (the road on a reciprocal heading). It will probabépiewhere
between 300 and 400 feet. Do it several times and notedhéegt height loss.
(If you doubt that 45° bank is better than some lesseearfdiank, try it with a
reduced angle of bank too, say 30°, and see how much heighbsgy You

should become comfortable with making gliding turns witils tmmuch bank and
become sure of your height loss whilst performing them fiartimbing start.

Does this mean that a turn back to the field can be madetfis height above
the field on the upwind leg? NO! There are other factorsonsider. After you
have practiced this manoeuvre a few times you will noteyinar height loss at
the end of the exercise is less that on your firstngtt. This is normal, you are
getting better at flying the manoeuvre and you are anticipdhiag‘engine
failure’. In reality, the engine failure, when it comedl) wsome as a surprise and
you will not react as quickly as you did in practice, sd 460ft to cover this
slower reaction time. Then having completed the turn gloauld allow about
100ft of straight final approach to properly configure theoplame before
touchdown. So add another 100ft. We now have a figure thaideal
circumstances will represent a height from which you shcw able to
complete a 180° turn following an engine failure after tdke o

But is this going to guarantee a safe landing after the tNoit?necessarily.
Consider this. If you have taken off from a field whiatilst a suitable length
for your aeroplane, is not too much longer, the point at hvigau reach your
turn back height will be well beyond the end of the runway &igdi¢ the point
you will now be over/abeam at only 100ft after you havmpgleted the turn!
Are you now high enough to be able to glide back to the field? PBiolnat,
despite the fact that you may have a tailwind. Obviousiggithe entire runway
available to you for take off will alleviate this problesomewhat, but not
always. (Unless you operate from a field that is mbaa ttwice as long as you
need for take off your chances of making it back to runwag normal GA
aeroplane are close to zero!) See Figure Eight.
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Tum back height

Figure Eight: Side elevation of a turn back manoeuvre.

Climbing at optimum from lift off to turn back height itsa essential. Almost
daily | see and hear aeroplanes fitted with constant spexztllers reducing
power at a height of about 100ft after take off becausmrding to their pilots,
it “saves the engine”. If you want to save the engine douttit in a situation
where it may become a grave digging machine 100 meterscfhibe runway
following a turn back! Yes the manufactures of most engines piate limit on

how long they should be operated at full power; it is usualburad five

minutes. This is more than enough time to reach turn bagkth&o, use full
power for take off and maintain full power whilst climbingatimum speed
until you reach turn back height.

A question which should have popped into your mind at this psiffitVhat is
optimum speed? Do we use best rate or best angle of climd spe® turn
back height?” Good question. Let's analyze it for a mdmBest rate of climb
speed will get you to height quicker but you will be furthrent the field after
the turn back , and best angle of climb speed will take laiegerake turn back
height but you will be closer. If you have forgotten why tkiso, | refer you
back to Book One - Lesson Eight, ‘Climbing’. Obviously i&tangine fails at a
specific time after take off then it would be better toalsehigh as possible, so
best rate is the speed to go for. If you have made it tob@ck height with a
best angle climb the situation will not be any better becthes@eroplane will
be slower and will lose more height in the turn as it &aéts to minimum drag
speed at 45° of bank. So theoretically climbing at best ratxlSpepreferable,
but hey, don't take my word for it, go out and try it for y&elf, (at a safe
height).

Of course, making a 180° turn will, in most cases, notrioeigh to align you

with the runway because the diameter of the turnaile displaced you from
the extended centerline of the runway. A turn of 210° cae fallowed by a 30°
the other will be needed to properly align you with the runway. Hueh extra

height will you need for that? Try it and see. See Fijline.
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30 deg turn

Figure Nine: Plan view of turn back

If you have taken off with a crosswind, then making theahiturn into the
crosswind will reduce the turn radius over the ground sdmae and therefore
reduce the total number of degrees you have to turn, b reduction will of

course depend upon the strength of the crosswind and wiftheraffect the
minimum acceptable turn back height (a little). See Figere T

Figure Ten: Plan view with crosswind.

If you are operating from a field where the traffic pattesll allow it, another
option is to make a 20-30° turn off runway heading using abouwifIk once
the initial climb is stabilized. This turn should be madayfrom the prevailing
crosswind and will establish an offset from the extendedvay centerline

equal to the turn back diameter as the turn back heightihed. See Figure
Eleven.

Gentle turn into a 20 deg "Off Set" Cimb

|
!
¢
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Figure Eleven: Offset climb
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This ‘offset climb’ technique is particularly useful on higbwered but high
drag aeroplanes like my Pitts S2S, which climbs like a toakd glides like a
house brick! Eliminating the ‘S’ turn to final makes grsficant difference to
the height loss during the turn back manoeuvre.

If you have the ‘luxury’ of departing from a field with mylee runways, you
will have the option of turning back to one of the other raysv This possibility
will reduce the height from which a turn back can be madepared to a single
runway airfield. See Figure Twelve.

Figure Twelve: Multiple runway options.

Alternatively, landing diagonally across the real tstan which all of the
runways are built is also a possibility. ‘Taking out’ a famway markers and
lights is preferable to taking out the local shopping mallViGlsly turning in

the direction of the greatest amount of airfield is momportant than the
direction of the cross wind. See Figure Thirteen.

Figure Thirteen: Landing on the airfield and across therunways!

If you are arriving at a field that is new to you, make‘@rerhead join’ and
check out the terrain and obstacles off the departure etk gtinway and file
the images into your memory bank for use prior to your téikiecon that field.

So now that we have determined our minimum turn back heigat,nost
efficient way to get there, and the most efficient waymake the turn, we are
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still faced with the question, “why risk it?” It islemit manoeuvre which leaves
no room for error, so a controlled crash off airport mal/Ise the best option.
In Annex B | discuss this balance of risk decision and g@veouple of

examples.

There are a lot of variables to consider, so when ddeege which option to
go for? After the engine failure? No way! There isn’tdinyou are about 30
seconds away from landing.....somewhere!

All of these variables have to be considered and fadtmto the calculation of a
potential turn back height befotake off! During your pre-take off briefing
decide what height you are going to use, which way you @reydo turn and

which runway or landing path you are going for. If the enginle faelow this

height DO NOT attempt a turn back. Focus on making the bastdtled crash

that you can off field somewhere.

Obviously the higher you are the more you can turn off runhaading to

achieve a landing in the ‘softest’ area. Practiceghsenarios too, from say,
200 — 400 ft above a safe reference height, so that even tlgougire too low

to turn back you will have an idea of how far you cam tto achieve your

objective rather than just “landing straight ahead”.

Surviving an engine failure shortly after take of will involgeme positive
attitude changes and some positive manoeuvring. Having &ndattieference
point marked on the windscreen prior to take off will stsgiou in quickly
establishing the attitudes required and aiming the aeroplayeur touch down
point thereby reducing the necessity to look inside th&pibt¢o check the
aircraft's performance.

As | said at the beginning of this lesson, an engine failfiex take off is an
extremely hazardous situation to be in. Confusion abdithwcourse of action
IS possible and which is not, increases the risk of at@as outcome. Fly the
exercises | have suggested so that you know what is possitlthink through
the options before each and every take off. Doing this atilleast help you
focus on achieving what is possible from the outset andowepyou chances of
survival.

Many years ago | was flying a beautifully restored Tiger Matfonging to a
friend, out of a grass airfield near the town of Bdwrsouth of Sydney
Australia. At a height of 400ft, just short of my turn baekght, the engine
suffered a major internal mechanical failure; it lost poand started shaking so
much that all of the instrument needles became ra biastinctively closed the
throttle, lowered the nose and rolled into a left turn towaar open field 90° off
to my left which | had pre-selected on arrival. The fielasvadotted with trees
and whilst | had a clear touch down area | did not havea obll out path so |
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figured one of the wings was in for a beating. Once |zedlthat this imminent

controlled crash was survivable my next thought was “Kea @thiner) is going

to kill me if |1 break his beautiful aeroplane.” | then netcthe end of the

runway out of the corner of my eye; it was only just @a<f what | assessed
as the glide range of the Tiger, which was turning rapadiighis stage. | shoved
the throttle wide open again and despite the violent abakelt a small increase
in thrust. | elected to continue the turn and to let thernenghake it self to

pieces if necessary as long as it gave me a few sem@nds of thrust.

The Tiger’s tailskid caught the top strand of the auffiperimeter wire fence,
which, fortunately, yielded and the old girl touched down aogped in the
200ft of over-run area short of the actual runway]itiguiiten meters of fencing
wire but otherwise unscathed!

Even though | had experienced several engine failures in fiirght to this, this
was my first one ‘after take off'. We were fortundtat the dear old Gypsy
Major engine still gave out some power for the next fegosds and saved the
Tiger Moth’s wings from being ripped off by a tree. Thenthi learned most
from this experience was that once you know that yeugaing to survive you
are able to focus more on the flying. Nothing clouds the miockrthan the fear
of imminent death! | also learned that there is timeetssess the situation once
the turn is in progress. If, half way through a turn ba@noeuvre, you don't
like the look of the situation you can always stop the t@md land straight
ahead.

Afterwards | realized that | should not have allowed anygho of saving the
aeroplane to enter my head as it no doubt influenced my detisaontinue the
turn. | put myself and my passenger at greater risk. | wag/] you may not be
when your turn comes. Survival of those on board rasgé absolute priority.

A pilot who learns everything that his aeroplanen gave him is an
aviator, a pilot who demands one iota more is d!foo
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Annex B
Some further thoughts on surviving an engine failure

| am often asked what | think of aero club competitionsctviaiward points and
trophies for making the ‘perfect’ simulated engine out forcedlifeg, usually
onto a grass runway with good approaches. Surely they mugidaktraining?
But | must admit | have mixed feelings. As long as theig@pating pilots
realize that it is a fun competition which bears litédationship to reality then
that is okay, but | have sat on the judging line of¢hgpes of competitions and
seen aeroplanes arrive over the threshold ‘hot’ and wdt¢hem float 200
meters before touching down resulting in a very low scorereds | am sitting
there saying to myself “good safe approach, now throw it @gtbund and stop
it”, which of course is something the pilot will not do ae tieroplane has to be
used again. The pilot of course believes that shelbias a lousy forced landing
and vows to do ‘better’ next time, when in fact her apprdazha better chance
of the occupants surviving than if she had attempted totlyaiperfect score.

| have also watched a number of other pilots in these saomgetitions,
undershoot the runway whilst striving for the perfect score dtetwaards
saying “ho hum, | will do better next time”, without reatg that if this was a
real situation there would be no ‘next time’ becausyg twaild be dead. So | feel
that these competitions cause the inexperienced pilo¢lieve that engine out
forced landings are an academic flying exercise ratheratamvival skill, and
therefore won't have the right mental attitude wherdawith a real engine out
situation. Hopefully what | have written in this lessuill cause them to rethink
their priorities.... “Score or live? Hmmm, let me think abthat”.

In the main text of this lesson | made the statemextaltontrolled crash can be
a better choice than a 50/50 chance to live or die. @Hatussian Roulette’
with a half loaded gun!) A recent, widely publicized andigerexample of this
philosophy in action was the ditching in 2009 of US Airlindight 1549 into
the Hudson River in New York, USA. Having suffered a dowdrlgine failure
shortly after take off, the captain was faced with aiah of a straight and
theoretically possible glide to a nearby suitable sealed aynwhich was in
plain sight, or ditching in the Hudson River. At first glaribe choice seems
obvious, go for the runway! However the approach to the rurwasyover a
built up area of the city and even the slightest ‘undershoatild have resulted
in a total disaster for everyone on board plus a numbansdspecting people
on the ground. The alternative was a smooth unclutteredwate83 miles long
and 1/2 a mile wide, as straight as any runway and only &@9%o the left.
The river at this point afforded miles of under shoot andsha®ot potential and
it afforded the captain the opportunity to make a controllexhiiy on a smooth
surface, without obstacles, and virtually guarantee suwivbne transcripts of
the cockpit and radio communications during this emergeswasal the voice of
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a focused aviator who ignored most of the well intentiomadsmissions from
the tower as they were irrelevant to his purpose. Tégltref his decisions and
actions is legend.

Many years ago a very good friend of mine was an observarGessna 210
involved in an air search in a water filled valley wesSgtiney. There were a
total of six people on board. Without warning the engine sedfercatastrophic
internal failure causing the oil pressure to drop to zerocamdr the windscreen
with oil. An immediate ditching along one of the shooéghe reservoir assisted
by the power still available from the engine would haveuststhe survival of
everyone on board. (A Cessna 210 with the wheels ‘tucked aplitite flying
boat and has very good ditching characteristics. This hasgdregan in many
other ditchings of this type.) Because the engine at thgeé svas still delivering
power the pilot in command elected to climb out of theeyadind attempt to fly
to a small airfield about 6 miles away. Half way thdme ¢ngine seized and the
aeroplane came down into trees. The pilot and my friendaodthers were
killed and two were badly injured. It didn’'t have to end thay.

As | have said many times in these lessons, the atittreajame in an engine out
forced landing is survival. Nothing else matters, nothiiitpe aeroplane
certainly doesn’t matter; it has just let you down bysaagithis situation, so it is
expendable. Use it; abuse it, but walk away from the wiggeka

| have, over the years, expressed my philosophy many tinfeghd instructor
seminars and CFI's conferences etc. It never faistse great argument. | find
those raising the greatest objections are those who havetoadg to do it for
real. | have done it ‘for real’ a dozen times and | knolatvmy priorities are.
What are yours? Think about it.

Let me finish with a pertinent quote | particularly like.

“The aircraft limits are only there in case it ik&kély that there will be
another flight by that particular aircraft. If subgquent flights appear
unlikely, there are no limits!”
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Lesson Seven

Your Wings

In Book One - Lesson Six, ‘Stability and Control’, | mdiuced the simple
aerodynamic relationship between the (negative) anglaawfkatf the tailplane
and the (positive) angle of attack of the wing. In Book Onesson Eleven,
‘Stalling’, | expanded upon this relationship to include ttiekgposition and its
control of the angle of attack of both the tailplane &me wing. | included a
diagram of this relationship which | have reproduced hefégase One.

Stick Position

> 87 L Angle of Attack

—

- Tail Angle

Figure One

In that lesson | emphasized this stick position/anglettatla relationship with
particular respect to stalling. | also mentioned that #lstionship applies to all
angles of attack, not just the critical angle. As a ngereeral principle | said:

You have direct control of the angle of attack of thimgs of the
aeroplane you are flying, at all speeds, and ina#iitudes, in the air!

| call this principle ‘Direct Angle of Attack Controll. also said that the way to
establish a ‘hard wiring’ of this principle is to expldiee stick position and
angle of attack relationship of your aeroplane in varidtisides and at various
airspeeds. It is this exploration that | wish to devdlagher with this lesson. |
wish to describe to you how to begin applying this principle taor yitying
whilst remaining within the manoeuvre envelope of your aerepddmll times.

First | will start with a disclaimer. As | have imadited in those relevant lessons
of Book One, the stick position/angle of attack relationshipfluenced by the
Centre of Gravity position, Flap Setting and Ground Effectveler, during the
course of most of your flying in a light aeroplane you will het flying in
ground effect (unless you are an agricultural pilot), woll not have the flaps
down during these manoeuvres, and the centre of gravity etilhave moved
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around too much from one flight to the next. So | am goinigriore the small
variations caused by these three influences.

So how do we apply this principle to our everyday flying? If goel interested
in the art of aerobatics, the principle underlies ey@tghing manoeuvre you
will perform, and | will be discussing its applicability aerobatic manoeuvres
in my book on aerobatics. For now, for non-aerobatic pilotailll restrict
myself to describing a manoeuvre that ‘normal categorg@anes can perform
and explain how to do it smoothly and safely in order to exploseprinciple. |
will describe additional manoeuvres which also use this piman the next few
lessons.

We have already learned from Book One - Lesson Seveanokuvring’, the
way in which an aeroplane can be ‘diverted’ from a strafgbht path. It
involves the application of excess lift in the direntiwe wish to manoeuvre or
turn, to create a centripetal force. This excess liffeiserated by increasing the
angle of attack beyond that required for straight and ldigtfat that speed,
and by pointing it in the direction we wish to turn by bagkhe aeroplane.

A level turn involves rolling to the desired bank angle andngasack on the
stick to increase the angle of attack to generate theat@amount of lift to both
balance the weight, with the vertical component of MC(), and create the
centripetal (turning) force. Figure Two is a repeat of tlagrm showing all of
these forces, their components and resultants in a bdldagel 45° bank turn.

VCL 1.4L
A

¥ 45 deg bank
W

Figure Two

What would happen if, having established this 45° banked tugninerease
bank to 60° but don’t pull the stick back any further?
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If we ‘over bank’ in this way, the vertical componentliftf (VCL) will now be
insufficient to balance the weight (as shown in Figure ®e),attitude will go
down, the aeroplane will start to descend and the airsp#ladaosease. Also the
horizontal component of the lift force (Cp) will beegter, so the aeroplane will
begin to turn a little tighter. This is possibly a steepecdeding turn than you
have done before, but fear not, if we do not move tick &tre or aft, that is, if
we hold the angle of attack constant, the lift willre@se as the square of the
airspeed increase, and will cause the aeroplane todévagain as the vertical
component increases and causes the attitude to pittchtbp level turn attitude
(as shown in Figure 3b). At that point the vertical comporad the lift will,
once again, balance the weight. The airspeed will hameased about 20%
during this simple exercise.

VCL 2
/ e h
e . N v £ = Cp
Gl deg bank 26 v 600 eheey bank
Figure 3a Over bank. Figure 3b Airspeed increase, VCincrease.

Once the aeroplane has returned to level flight it wigjibbéo slow down, lose
lift and return to a descent, unless the bank angle is smaetihhged to 45° as
the aeroplane slows, thus returning the aeroplane to iteakigvel turn.

Try it, and during this simple manoeuvre you will note thatftirce required to
hold the stick position (A/A) will increase as the aiephéncreases and decrease
as the aeroplane slows. It's a bit like ‘arm wrestliagmeone with the aim of
not letting their arm move as they vary the foraeytapply. You will also note
that the ‘G’ you experience will increase from 1.4G 0G&. and then decrease
again. This change will be very smooth. This is becauseG’ will be varying

as the equal and opposite reaction to the lift force, aadifthforce is_only
varying with the airspeed because you are holding a coresigl& of attack.

So what is the purpose of this little exercise? What hae learned? We have
learned that by holding a constant stick position the ahdng'G’ is very
smooth throughout the manoeuvre and the initial back pressureeaded to
exert on the stick varies with the airspeed. We haamésl how to manoeuvre
the aeroplane very smoothly at constant angle of attadkne have learned to
‘feel’ the airspeed changes through the stick. So now ttle istit only gives us
a direct feel of our angle of attack but also a feel forrelative airspeed!
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After you have repeated this exercise a number of timgsttused to the cyclic
variation of stick force and ‘G’, you can ‘ramp up’ th@noeuvre by reducing
bank angle to less than 45°, say 30°, as the aeroplane cttltoff at the
bottom of the manoeuvre. This will cause the aeroplanédh pp into quite a
‘nose high’ climbing turn because the vertical componéritftowill now be
well in excess of that required at 30° of bank, as showigure 4b.

VEL 2L VCL 2L
s A
CF = = Cp
Ce »Cp
2G - 60 deq bank
! 30 deg bank
W
Figure 4a. 2L & 60° bank. Figure 4b. 2L & 30° under bank

The aeroplane will slow to about 20% less than the lratrapeed at the top of
the manoeuvre, the lift will reduce and the stick will dme ‘lighter’ in your
hand. The aeroplane will then start to curve over anttescending turn, and, as
the attitude approaches the level attitude, smoothly incigsasie again to 60°,
letting the nose fall and the aeroplane accelerate i@ &urn again. You can
repeat the whole manoeuvre, oscillating between 30° and &hkf again and
again, and as long as you hold a constant stick posgiewators) throughout
the manoeuvre(s) the aeroplane will fly them at constagte of attack and the
stick forces and the ‘G’ will vary smoothly. Even thoughuywill have a low
airspeed and a moderate bank angle at the top of the manoeuwsllyoot
(cannot) stall because you have not moved the stick back tathgosition.
You will, however, need to adjust the aileron contriaihdly to counter any
tendency for the aeroplane to ‘roll on bank’ during the mawee for those
reasons explained in Book One - Lesson Seven, ‘Manoeuvring'.

In order for the airspeed sensing aspect of this exergiseotk for you, you
need to leave the elevator trim control alone. Sairistraight and level cruise
speed, and leave it there. The trim control is desigiwethelp maintain a
particular tail plane angle of attack and therefore aiquéat wing angle of
attack. It is one of the three variables which afteetforce you have to exert on
the stick at any particular phase of flight. Let me axpl A force will be
required on the stick to maintain straight and level fligitthe aeroplane is ‘out
of trim’. This is the first variable. Then, when water a turn and move the stick



85

back to increase the angle of attack the appropriate anwsteady force will

be required to hold this new stick position. This is thesdcovariable. Finally,

if the airspeed changes, this force will have to charg®rasponding amount in
order to hold the same stick position. This is the thircatdei

Earlier | used the term ‘relative airspeed’; what lamdyy that is that the stick
force changes that you will feel through the stick asaihgpeed changes (the
third variable) are relative to the stick force reqdiat a steady airspeed at that
angle of attack. The airspeed and angle of attack at whichdtmlane was
initially trimmed to fly ‘hands off' is the datum fromhich you will feel these
subsequent stick force changes. Set the trim the saypeach time you fly to
fix this ‘first variable’ and you will quickly gain a ‘&' for the changing
‘relative airspeed’ of your aeroplane as the stick foregquired to hold a
constant angle of attack changes throughout the manoeuvre.

| teach my aerobatic students to fly a similar exerciger o starting into
aerobatic manoeuvres, but, because we are flying an aerolzégory
aeroplane, we oscillate between 45° and 90° of bank, and dl®wirspeed,
stick force and ‘G’ to build up to a greater extent. Even the, principle
employed is exactly the same.

Many ‘skydivers’, (those crazy people who jump out of fullgrviceable
aeroplanes) have, over the years, strapped small wiiggleemselves or worn
special ‘wing suits’ in an attempt to fly like birds. Thepeople regard
aeroplanes as big, clunky, awkward machines that tbehmk to ‘wrestle with’
for control, whilst they regard their attempts as mdmedlike’, because they
claim to be more in contact with their ‘wings’. (Degpthe fact that they are
actually dropping like a rock!)

Skydiver’'s ‘Wings’ and ‘Wing Suits’
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Aeroplanes may have been clunky and awkward once, in tihe days of
aviation, but not anymore. Indeed, modern sailplanes arentst elegant and
efficient aircraft ever created, and being ‘in contacthvihe wings of a modern
aeroplane is no longer a wrestling match.

Modern Sailplanes

Unfortunately, misconceptions about an aviator’'s relatignsta his/her
aeroplane and its wings are still prevalent amongst mlwds @nd instructors,
and these instructors then pass this wrong attitude to flglagg to their
students who in turn.....etc, etc.

Consider this: a bird does not have an instrument paneltgsbom its beak to
help it gauge its performance. It feels the changing press the air against its
wings as it changes airspeed and angle of attack, andsitifieeangle of attack
directly in the same way that you can feel the pasiibyour arms and hands.

Wouldn't it be great if we could feel airspeed and anglettaichk just like a
bird?

Mankind has, over the years, developed many prosthetic dewcesither
replace lost limbs or to enhance the performance of peopteal of their
limbs. Wheel chairs and artificial arms fall into tHiest category, whilst
bicycles, water skis, roller blades and many otherlaingevices fall into the
second. The wearers of these prosthetic devices canpraitkice, operate them
as extensions of themselves, controlling them witle ldonscious thought. Why
not develop prosthetic wings that we could operate the sapeso that we can
fly like a bird? Just strap them on and fly withouhsoious thought!

Well..... we have!

They are called aeroplanes! You strap them onto your laEcksd you connect
your brain to the wings via your hand and the stick, andugirahe stick you
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can learn to ‘feel’ the angle of attack and the airspesatguhe flying exercises
| have suggested in this and the following lessons.

With practice these prosthetic wings becoy@ur wings, and with them you
can manoeuvre freely in all three dimensions in the. skylust like a bird!

It's all in how you think about it.
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Lesson Eight

2G Turn

Normal category aeroplanes are somewhat limited in thdeuof manoeuvres
that can be performed in them. Most pilots trained in modgimg schools are
taught to restrict their manoeuvres even more. Climbing, ddstg gentle and
medium banked turns are about all that the average stpifiginis trained to do
these days.

However, the manufacturers of these aeroplanes ofteadditional types of
manoeuvres that can be performed. The aircraft's flight mdmatslthem and
they are often mentioned on a placard in the cockpit. &lsegn in American
manufactured aeroplanes are, ‘Steep Turns’, ‘Lazy Eightd’ ‘@hmandelles’.
Many pilots have, over the years, attempted these mareswithout knowing
exactly what they are or how to perform them saf€hye end result is often a
‘bent’ aeroplane or worse!

Fortunately each of these manoeuvres is amenable tosthef the ‘constant
angle of attack technique’ | detailed in the previous lessmr, @an going to

explain what they are and how to perform them smoothly andysafag this

technique in this and the following lessons.

The first manoeuvre | will discuss is the ‘Steep TutrEt me first define the
term ‘Steep Turn'. The ‘steepness’, or otherwise, wfra is merely a subjective
statement of the angle of bank used in a particular turn. iesg schools

which use touring aeroplanes as training aeroplanes sudgésart angle of
bank of 45° is a ‘steep’ turn. This is possibly becauséittewing or solid roof

of the aeroplane obscures the area into which the #iisraurning at these
angles of bank. Pilots of aircraft with better ‘in turnsiility often only regard

45° as a medium bank angle and call 60° of bank a steephemoe the

subjectivity. A turn of 60° bank utilizing the constant anglattdck principle, |

call a ‘2G turn’, for reasons which will become appasdrtly.

Now in order to make a level turn at 2G the aircraft lbaset banked to 60°. |
repeat here the vector diagram that | have used in jpu®legsons to refresh you
on why this is so. Remember, the vertical componenttofMCL) is the force
opposing the weight (W). See Figure One.
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VCL 2L

Cf = = Cp

2G M 60 deg bank

Figure One: 60° banked turn at 2G
So when | use the term ‘2G turn’, am | really juskitagy about a 60° banked
turn and simply renaming it? Yes and No! Sure we starbglentering a 60°
banked turn the normal way, but how we control the ture dane established is
different to conventional teaching. | will first explaiwhat | mean by
‘conventional teaching’ with respect to a gentle turn of&0%ank.

Figure Two is the vector diagram of the forces involved 80° banked turn.

VeL L

Cf «— —> Cp

c 30 deg bank

Figure Two: 30° banked level turn.
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Once the 30° banked turn has been entered by rolling on the dahk
simultaneously increasing the angle of attack (and balgneith rudder), the
student pilot is taught to control the attitude and cori@cany deviation from
level flight by making small angle of attack changes.tThay moving the stick
fore and aft to raise or lower the attitude.

For example, imagine that the turning aeroplane is alsoeddsg slightly.
Easing the stick back will increase the angle of attack whihncrease the lift
and therefore the vertical component of the lift, tograising the nose attitude
slightly and causing the aeroplane to return to level fli\itich the same as we
do in straight and level flight.) The following diagram shdie changed forces
in a 30° banked turn which will achieve this effect. You wdke that there is
little difference between the lift increase (L2) aruk tvertical component
increase (VCL2). See Figure Three.

VCL2 L2

Cf «— —> Cp

y 30 deg bank
G2

Figure Three: Increased lift and vertical component

Because the bank angle is low this technique is adequeatadjosting the
attitude during the turn. It can be done reasonably dmhoatnd will not upset
the passengers, (G2 is only a slight increase in G)Il litca ‘constant bank,
variable A/A technique,” and this is what is commonly tauglstudent pilots.

If, however, this ‘conventional’ technique is used at 6Gt%kba rough ride will

result. Examine Figure Four. You can see that to incris@seertical component
of lift (by the same amount as previous) to correctatteude, the lift has to be
increased twice as much! This will cause the ‘G’ exgwred by pilot and
passengers to vary significantly. It will feel like yow an a roller coaster ride
as this extra G comes and goes.
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VCL increase L increase X 2!

Cf =

60 deg bank

Large G increase (Ouch!)
Figure Four: The making of a ‘Roller Coaster Ride’

So how do we fly a steep turn without turning it into a ratleaster ride? Once
the angle of bank is established and the angle of attackased to twice what
we had in straight flight, that is, ‘pull’ 2G, lock your aand hold the angle of
attack (stick position). If you note a flight path deviatioont level adjust the
bank angle_slightlywithout making any adjustment to the angle of attackk(stic
position). This will vary the vertical component oftlidirectly whilst
maintaining 2L & 2G. In the following diagram you can shattthe vertical
component has been increased by reducing the_bank sli§b#yFigure Five.

VCL increase

A i 2L

Cf - = Cp

26 Y <60 deg bank

Figure Five: Increased VCL with Constant A/A and constan2L & 2G.
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Of course the reverse would apply if the vertical congmb had to be reduced
as shown in Figure Six.

\VVCL decrease
aprlmdaneill 2L

Cf = = Cp

2G o >60 deg bank

Figure Six: Decreased VCL with Constant A/A and constan®L & 2G.

I must emphasize that only small bank angle correctionseressary, 2° to 3°
will be enough for most corrections if you detect the attitakdange quickly.
(The angles in the foregoing diagrams have been exaggeoateldrity.) In this
technique we maintain the angle of attack, lift and @, \ary the bank angle to
correct the attitude, so | call it a ‘constant A/A ehie bank’ technique.
Ultimately you may stabilize the turn at 58° of banksa? of bank, who could
tell? Who is going to care if it is not exactly 60°? Tlerections you make will
be subtle and smooth and by any subjective definition itstiillbe a steep turn.

How do we detect small attitude variations quickly and thea tune’ the final
attitude? We use an attitude reference point (ARP)henwindscreen. See
Figure Seven.

Figure Seven: The ARP position in 2G turns Left ath Right.
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Because of the increased angle of attack and G duringuthethe ARP will
have to be positioned a little above the horizon. (Rememhige‘Eyeball Sag’
from Lesson One.) You will have to experiment with ¥thRP positioning a few
times to establish an attitude which works in your aer@plédse the altimeter
as your reference instrument because the VSI has tob tag to be useful in
this dynamic situation.) Once set, any variation of #tistude will become
apparent before its effect is registered on any of theumstnts, and can be
quickly corrected before it is registered.

Don’t forget that in a 2G turn the total drag has doubled (appedely), so you
will need to apply power to sustain your airspeed. (Book Obesson Seven
‘Manoeuvring’.) Most light GA training aeroplanes in the ldssn 200HP class
will not sustain cruise speed in a 2G turn, so despite applyiagimum
continuous power the speed will reduce about 10% of cruissdspgéis speed
reduction does not alter the technique | have just destrbut does contribute
to the attitude adjustment required to maintain level fliffigure Seven.)

Once you have the 2G turn ARP attitude figured out, am@ gou can hold a
constant stick position whilst making subtle adjustments édbink angle, the
aeroplane will turn like it is ‘on rails’! A fellow pdlt, sitting next to you,
unaware of the technique you are using and without an ARRsoside of the
windscreen will not be able to detect the subtlety of yiiyimg, but he will be
impressed by its accuracy and smoothness, especially when gpudaing’
your own wash after 360° and saying, “Damn! | hate it whext Keeps
happening.”

Turning like you are on rails.
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Lesson Nine

Lazy Eight

The second manoeuvre on the list is the ‘Lazy Eight'aveh over the years,
heard many pilots confuse this with an aerobatic manoeuvied cal‘Cuban
Eight'. So let me be very clear at the outset. A LEmyht is_notan aerobatic
manoeuvre. The aircraft does not follow a figure eight fligdath through the
sky in the vertical plane as it does in a ‘Cuban Eighiie actual flight path
through the air is depicted in the following ‘outside’ viefnad_azy Eight.

Figure One

You can see from this diagram that an aeroplane perigrrai Lazy Eight
actually follows an ‘S turn’ path over the ground; ithe hose (ARP) attitude of
the aircraft that traces a horizontal eight acrossskyeand the earth with the
horizon as the primary axis. Figure Two depicts thiscitrg’ of a figure eight,
showing the aeroplane’s attitude viewed from the rear.
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Horizon

Figure Two

The Lazy Eight can be subdivided into two manoeuvres linked teigetiled
‘Wing Overs’, the first done to the right followed by otwe the left (or vice
versa). A ‘Wing Over’ is a variation of the manoeuvreelailed in lesson six,
and employs the same constant angle of attack princide.l will first
concentrate the discussion on how to fly a ‘Wing Over’.

First, fly a few 45° banked turns to recalibrate your backsidehat 1.4G feels
like and what the stick position is to achieve the anglattack to fly this turn.
Then, starting from straight and level flight at cruissmeed, apply full power
and smoothly but positively, pull the stick back to this positiwat is, pull
1.4G. The ARP will start to pitch up quite rapidly, so ®tise angle of attack is
set, lock your arm and hold it whilst smoothly rolling thecift to 45° of bank.
Now this is not the same as rolling into a 45° banked turn becaa have set
the angle of attack beforelling. The ARP will be passing the climb attitude as
we initiate the roll and will then get higher as thi continues. The attitude the
ARP follows to this point is shown in Figure Three, (rollnght).

<— 45 deg Bank Angle

Horizon

Figure Three

The rate at which you roll will determine how high thePARets. Rolling slowly
will produce a very high attitude whilst rolling too quickivill cause a flat
attitude. Somewhere in between, using about half aileediection will produce
the ‘Goldilocks’ attitude. See Figure Four.
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Rofl teo slow >

< Roll too fast

Harizon

Figure Four

Experimenting with the roll rate (whilst holding the angfeattack) will produce
an attitude that you will be comfortable with.

Once the bank has reached 45° centralize the ailerahamal keep holding the
angle of attack. As the aeroplane slows the lift andetsical component will
decrease and the attitude will start to fall whilst tine tcontinues. During this
part of the manoeuvre the bank angle will increase of its agcord to about
60° because of the different airspeeds of each wing. TiHihelp sustain the
turning component of the decreasing lift but accelerage réduction of the
vertical component. Let it happen, but peg the bank andié®tith a touch of
opposite aileron. The ARP will arrive back at the horizothwhis 60° of bank
set, and the aeroplane will have turned through aboutfé@anling change. See

Figure Five.

60 deg heading change
360 Horizon 060

Figure Five

Hold the angle of attack and the bank angle until the ARP logped about 10
to 15° below the horizon. At this point commence rolling whiegs back to a
level attitude whilst holding the angle of attack. Apphoegh aileron input to
roll out at the same rate as the initial roll inte thanoeuvre. Continue using full

power. See Figure Six.
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360 Horizon 060

Start Roll Out —=

Figure Six

As the aeroplane accelerates ‘down hill' the stick fondk increase, so ‘arm
wrestle’ it to maintain the angle of attack. As the spbailds, the lift will
increase, and because the angle of bank is reducingettieal component of
lift will increase rapidly and the nose will quickly @it back to the level
attitude. The aim is to arrive with the ARP on the harigoth the wings level.
You may need to adjust the roll rate slightly during the laart of the
manoeuvre to achieve this. Figure Seven shows the rollnoutial attitude to
finish the manoeuvre.

120

360 Horizon 06

Adjust Roll Rate —»

Figure Seven.

The aeroplane will arrive back at the straight andllaettéude after a further 60°
of heading change, or a total heading change of 120°, aathe altitude and
airspeed it had at the beginning of the manoeuvre.

Now a few of notes of caution: First, DO hold the angleattck constant
throughout this manoeuvre. As the aircraft slows the stiokefovill decrease
making it easier to pull further back, DON'T! You could po$sikeach the
critical angle of attack and stall the wing. If this happ#mvill most likely be an
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asymmetric stall which could initiate an autorotation! $ec@as the aeroplane
accelerates in the second half of the manoeuvre be teddgk your arm and
not let the angle of attack reduce, otherwise the agmepill arrive wings level
in a dive, losing altitude unnecessarily, and, with fixeitchp propellers,
requiring a power reduction to prevent an RPM over speed.

The Wing Over is a manoeuvre that involves ‘rolling G’; altgh not enough to
‘test’ the boundaries of the manoeuvre envelope if it has ti@&n correctly. If
you have forgotten the concept of rolling G, go back to B@wle - Lesson
Thirteen and read it again. If you realize you hawedwertently relaxed the
angle of attack as the aeroplane accelerates in tbadd®alf of the manoeuvre
and have allowed the airspeed to build up more than normakryecautious
about reapplying the angle of attack and increasing theatallto get back to
where you should have been at this increased airspeelbisasotild bring a
normal category aeroplane close to its rolling G limBetter to treat the
situation as a spiral dive recovery, that is: redpower, relax the angle of
attack, roll to wings level, and then pull to a level adfgu

Similarly, if you delay the roll-out until the nose isuah lower than
recommended you may, once again, ‘test’ the boundarig® @ircraft’'s rolling

G limit, because the speed will become higher than ptarithgou have delayed
the start of the roll out, recover as per the spirad recovery.

Okay, so back to the Lazy Eight. You can see that whenrmwe dack at the
straight and level attitude at the end of the Wing Overhaee a choice of
releasing the angle of attack to hold that attitude or hglthe angle of attack
and ‘flowing’ straight into another Wing Over in the oppositection. At the
completion of the second Wing Over the ARP will haeedd a horizontal eight
about the horizon as shown in Figure Two, and you will have flawrery
smooth Lazy Eight, utilizing the ‘constant angle of attackgyple’. If flown
accurately and consistently you will arrive back on thgimal heading at the
same altitude and airspeed. | recommend using a longltdtime feature on the
ground as a reference line, to assist you in assesarguality of your flying.

A question which may have popped into your mind is; “what do | db the

rudder?” You use the rudder for its primary purpose, to baltrea@eroplane.
You will need subtle use of the rudder to keep the baldadein the middle
throughout the manoeuvre because the aeroplane will bdeaniitre prone to
aileron drag when rolling at the higher angle of attacid the effect of the
propeller slipstream will vary with the changing airspeed.

Flying the Lazy Eight is an excellent coordination exerasewell as a
manoeuvre which consolidates your understanding and feel obtisant angle
attack principal. It will ultimately improve your flying dkand your confidence
in the air leading to greater enjoyment of the art of flying.
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Lesson Ten

Chandelle

The ‘Chandelle’ is the last manoeuvre on the list. Thena ‘Chandelle’ is
French for ‘Candle’ which, as we know, is a narrow coluofnwvax which
points straight up. Now pointing straight up is NOT what dee with the
aeroplane in this manoeuvre. There is an aerobatic manoeuwleidh we do
point the aeroplane straight up and it is known nowadays,nglidh and
European countries, as a ‘Stall Turn’, and in the Aocasrias a ‘Hammerhead
Turn’. The original Chandelle manoeuvre was straight up dowin, but the
name became confused by its use for a completely reiiffemanoeuvre,
particularly in the USA, so even the French now cairthChandelle’ a ‘Stall
Turn’.

Why the history lesson? To show you that aviation is peppered oattthy

names for manoeuvres which may differ from one countripganext and often
mislead a new pilot into thinking they are something theynate A perfect

example of this is the aforementioned ‘Stall Turn’; & thing you do in a stall
turn is stall! Indeed throughout most of this manoeuvre the arfgléack is as
far from the critical angle of attack as you can geativtlise could you fly an
aeroplane vertically? But | digress - more about thisyrbook on aerobatics.

So what is the manoeuvre that is now called a ‘Chandelle, Wis a pretty
innocuous manoeuvre; it's a climbing turn at reducing aigpe®d looks
something like this:

R

i
j—,{"i‘. .
.'_I
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In my 22 years teaching flying and aerobatics | never botherda the
manoeuvre too much in aerobatic category aeroplanes, but Vébélis in the
pilot training curriculum in the USA and, as | said befoteisiin the flight
manual of many normal category aeroplanes. So before you gmautyaan
original ‘French Chandelle’ (‘Stall Turn’) in a normaltegory aeroplane and
rip its wings off, | guess | should discuss the ‘Modernrcledie’.

The following is an extract from an American flighditting manual:

“A chandelle is maximum performance climbing turn
beginning from straight and level flight and ending at the
completion of a 180° turn in a wings level and nose high
attitude at the minimum controllable airspeed.”

The term “maximum performance...turn” is somewhat mdileg and obviously
doesn’'t mean a maximum rate or minimum radius turn sih@evolves the
conversion of the aircraft’s kinetic energy into potergia¢rgy during the turn.

Now the most obvious way to dissipate kinetic energy duringira is to
commence a 3.8G level turn with about 75° of bank, and pgeds reduce
the bank angle to maintain the ‘levelness’ of the turthasnduced drag erodes
the airspeed. (Thereby maintaining the vertical compoasrthe lift reduces.)
This would certainly be close to a maximum ‘performance’ léwel, but | don’t
think that it would be classed as a Chandelle because wkl Wwe dissipating
the kinetic energy, not converting it into potential energygdaining height
during the turn. So obviously a ‘nose up’ attitude and a sontewtaced bank
angle are involved in this manoeuvre.

The ‘give away’ part of the definition is the attitudedaspeed configuration at
the conclusion of the turfiwings level, and nose high attitude at the minimum
controllable airspeed.”What will the minimum controllable airspeed be? |
suggest 1.1Vs. Note also that the definition does not sayhhatircraft has to
be in level flight in this configuration as this will depemgon the power output
of the enginfropeller. Some powerful aeroplanes will still climb, atbei
inefficiently, at 1.1 Vs, which is why | didn’t use thisanoeuvre very much in
my aeroplanes; but a standard trainer of the Cessna Xs2vailafly about level

at 1.1Vs at full power on the backside of the drag curve.

The first thing you should do is determine what this ‘chdadattitude’ and
airspeed configuration is in your aeroplane, which shoul@de'ttoo hard.
Obviously when flying level on the ‘backside’ of the drag cumh full power
applied the wings will be very close to their critical anglf attack. So to
establish the attitude for this configuration in your aiftcrstart at a safe height
and approach a power off level stall in the normal way,tfem progressively
reintroduce power as the aeroplane slows to a speed belokmum power
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speed. (Book One - Lesson Five.) When you have full poweiedpand the
attitude adjusted to maintain an airspeed of 1.1Vs, notatiitisde and note the
stick position. The stick position will now be very closethe critical angle of
attack position, and this will be your ‘limit stick positian the final manoeuvre.

Next, practice achieving this configuration from straight awell cruising flight
by setting this ‘chandelle attitude’ at cruising speed, applyingpter, and
making some straight ahead climbs. Hold the attitude by megsy
increasing the angle of attack to the limit we haveasethe airspeed reduces,
then hold this angle of attack and allow the aeroplane te setbd the resulting
flight path. With powerful aeroplanes it may be necesgasgt an initial attitude
a little higher than the one we are finally aiming fangddzoom’ climbing to
assist in getting the airspeed onto the backside of therpowee. Once below
the minimum power speed, allow the attitude to settle tofitia ‘chandelle
attitude’ (by momentarily holding the angle of attack)fobe continuing to
move the stick back to your angle of attack limit, and théowang the
aeroplane to settle into its final flight path. You wnilbte that you will have
gained a few hundred feet of altitude during this exertiwreby satisfying the
requirement of converting kinetic energy into potential energy

| refer you back to the concluding part of Book One - Le€sght, ‘Climbing’,
which dealt with ‘zoom’ climbs. Specifically | want you to aathat, in this
exercise, when flying a powerful aeroplane, we do not holdztiwan attitude
until the aeroplane stalls; we allow the attitude ttleséd the 1.1Vs attitude once
the airspeed drops below the minimum power speed as | haveggibed. See
Figure One.

=
1.1Vs Attitude

Zoom Aftitlude —>

Figure One

Finally, repeat the climb whilst turning with 30° bank. Thatre to this

manoeuvre will be very similar to the ‘wing over’ entrysdgbed in the previous
lesson but not as aggressive. Simply roll to the bank asglewlift the ARP to

the ‘chandelle climb’ attitude. Hold the bank with a tooflopposite aileron and
hold the attitude as the airspeed reduces by increasengrgle of attack until
the stick comes back to the previously established angl#awk limit, and then
hold that stick position. With the angle of attack fixbd tift will start to reduce
as the airspeed continues to reduce and, since the a®rofd banked, the
vertical component of lift (VCL) will start to decrea too. You must now
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progressively reduce the bank angle to maintain theceédomponent as the lift
decreases, in order to maintain the attitude. Eventtiadlywings will be level
and you will be in the final configuration again at timit angle of attack. But
on what heading?

The final criterion for the Chandelle is to arrivetlae configuration after a 180°
turn. Now most pilots would probably focus on this requiremest, fto the
detriment of attitude and speed control. Leave this till. leste a long line
feature on the ground and fly the manoeuvre | have justidedcstarting in line
with this feature and note the final heading relativehis line feature. If you
achieve the final configuration short of a 180° turn, fly thenoeuvre again
starting with a little more bank. Of course, if you haoser turned the line
feature try again with slightly less bank. With a littlgpacation and practice
you will have no difficulty flying the Chandelle through 180° antisfang all
the requirements.

Just as | discussed in the lesson on Lazy Eights, youtoeese the rudder to
keep the balance ball in the middle throughout this manod¢oerébecause the
airspeed is changing and some aileron drag is present.

Here are some key attitude pictures and vector diagdanisg a Chandelle.

CO

G
Initial Attitude. Hold limit A/A. Final Attitude.
Aircraft slowing. Aircraft slowing. SpeedsStable
Increase A/A Lift reducing. at Limit A/A.
to maintain Lift, Roll out to maintain

VCL and Attitude. VCL and Attitude.
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Post Script

In this book | have detailed the techniques | teach, and ¢hedynamic
principles involved in those manoeuvres which can be performednorraal

category aeroplane. The application and practice oetteshniques will make
you a more confident, smoother, and more accurate pilofortunately, a
normal category aeroplane is too limited to explore othanoeuvres which
would have an even greater impact on your flying abilityam of course
speaking about aerobatic flight.

| believe that every student pilot should be taught basic a@slas an integral

part of their flying training. That is the way | taught flgi at the Sydney
Aerobatic School, and that is the way every Air Fdrcéhe world does it too.

Very few civilian flying schools teach aerobatics becabeg have neither the
equipment nor the instructional capability. Those fligthaols which do have
an aerobatic training capability usually only offer itassoptional course to post
graduate students of their basic training ‘programs’, so thesg the value

which could be gained by integrating aerobatics with théscltaaining.

Most people, including most pilots, are only exposed to aerobaticthe
occasional air show. What they usually see is a apeletr performance by a
very experienced aerobatic flyer in an advanced aerol=tplane at very low
level. This is not basic aerobatics, and is far and an@g advanced than what
| am talking about. Unfortunately many pilots are dauntethisytype of flying
(and their spouses scared by it), so they push any thougltimf aerobatics
from their mind.

The popular press insists upon calling aerobatics “Stunbdflywhich is also a
‘turn off’ for many pilots. | have had many discussionshwinembers of the
‘Press’ about the use of this term and have been challetogel@fine the
difference. My standard response is to compare aerobgng fio spring board
diving. During the Olympic Games we all marvel at theista/ and ‘pikes’
performed by the divers, without giving any thought to the depthater into
which the dive terminates, because the diving pool isy@varge enough and
deep enough to not be a safety factor. So we don’t caldiers “Stunt
Swimmers”. But if they were to perform the same aemmnoeuvres into a
bucket of water, that would be a stunt!

Basic aerobatic manoeuvres should be performed high in the skyaoerge
‘pool of air’, so the proximity to the ground is also not aesafactor. In this
environment, with the right aeroplane and a good aerobaticdtsty aerobatics
is the very best way to improve your flying skills witfesty. It is also great fun.

And that is the subject of Book Four.
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Useful Quotes, Formulas and Rules of Thumb

A Synopsis of Book One

The following are useful Quotes, Formulas and ‘Rules lofirnib’ extracted
from the lessons of Book One for you to use as quick ‘megoggers’.

Lesson One - The air in which we fly

The international Standard Atmosphere

The International Standard Atmosphere starts at Seal leth a temperature of
15°C (Celsius) and a pressure of 1013.2Hp (Hectopascals) or 2@i8s |of
Mercury in the USA. A cubic foot of air under these aitinns weighs 0.0765
Ib and has a Density of .002376 ‘Slugs’ per cubic foot. As kmabcup into the
‘standard’ atmosphere we will find that for each 30ft Gitiale gained the
pressure drops 1Hp initially and for every 1000ft of altitgdan the temperature
drops 2°C. This temperature drop per 1000ft is quite uniform up abdut
35,0001t but the altitude per 1Hp drop expands a little as wkigieer so that at
35,000ft a 1Hp drop equals 50ft altitude gain. What thisraans is that at
35,000ft it is damn cold, minus 55°C to be exact and thesymess down to
about one quarter of the sea level pressure.

Density Altitude

Density Altitude is the air density that exists at @egi place expressed as an
altitude equivalent on the ISA scale. So regardlesgsofctual altitude, an
aeroplane will perform as if is at the Density Altitude.

Lesson Two - Lift
The Creation of Lift

Lift comes from deflecting airflow down. Deflecting air dowvith a wing_also
causes air pressure differences around the wing, ansk th& pressure
differences are proportional to the amount of airflow défiecand the lift. So
the pressure differences do not califtethey resultfrom it being created by
other means! That ‘other means’ is Newton’s Third LawMaftion: ‘Action -
Reaction'.
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Lift Formula

The aviator has immediate, direct, and very positiverobof C., primarily by
way of control of the angle of attack of the wing bubails a limited sense its
camber when flaps are used. The aviator also has immedhdtdirect control
of the airspeed, so from an aviator's perspective th&lifhula could be written
in @ more usable form as:

L oo A/A X V?

Obviously the lift is now only ‘proportional’ t&/A andV as the aviator has no
way of calculating the actual lift force without knowitige other factors. But
there is no need to, he or she already knows how mua# lhi&ing developed by
the wing, because when the aeroplane is flying levelifthequals its weight,
and the lift will vary as a factor of this weight in acdance with this simplified
formula when either A/A and/or airspeed are varied. Thatlithe aviator needs
to know

Movement of Centre of ‘Pressure’

The centre of pressure/total reaction doesn’'t move esatigle of attack of a
modern wing section changes through the normal flight range.

Lesson Three — Drag
Zero Lift Drag (ZLD)
Zero lift drag increases as the square of the airspeed.
Lift induced drag (LID)
If we double the angle of attack, the lift component desibbut the induced
drag component increases four times! So Lift Induced Deagw as the square
of the angle of attack.
Minimum Drag Speed
At the minimum drag speed ZLD = LID. The minimum drggeed of your

aeroplane is a handy speed to know, because it is the sfeed you need
minimum thrust to fly straight and level, and it is thgeed to glide at for
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maximum range. It is also the speed to fly at for maxilnange under power
and is very close to the speed at which you can ‘logied’ conserve fuel.

Lift to Drag Ratio

The optimum lift to drag ratio occurs at the minimum diggeed. Since
minimum drag speed varies with weight and manoeuvre loadsptimum L/D
ratio varies in a similar fashion. Rule of Thumb: Theesp#r best L/D ratio is
about 1.4Vs in straight and level flight and 1.4Vsm when manasgivri

Aspect Ratio

AR = Spar? + Wing Area
There is a simple relationship between change of aspegztand change of Lift
Induced Drag, and that is that the LID reduaesdirect proportion to the
increasean Aspect Ratio.

Calculating A/A at various airspeeds

The following is a simple formula which can be used for catouy the A/A at
any airspeed ¥/s and the critical A/A is known.

New A/A = Critical A/A x (Vs/Airspeed) 2

Lesson Four — Thrust
Datum for measuring propeller pitch angle

It has become customary to use the section 75% out tremhub when
measuring the angles of, or considering the characterstm®pellers.

Induced Airflow

The induced airflow velocity at full power is equal to ab@@% of the
slipstream velocity.

Constant speed propeller control
The constant speed propeller control in the cockpit is nalled the ‘Prop

Governor Control' or the ‘RPM Control’, however many pslofincluding
instructors), still refer to it as the “Pitch Contra@nd still call high RPM
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settings “Fine Pitch” and low RPM settings “Coarse Pjtqindeed some
aeroplanes still have their propeller governor corfabkled this way!) This is
NOT correct and is very confusing for student pilots becauseertain flight

conditions such as high speed and high RPM settings the ldades fact have
a very coarse pitch.

RPM at Vne

Quite often the never exceed speed (Vne) of an aerofitte with a fixed

pitch propeller is predicated upon the speed that will €abe propeller to
‘windmill’ at the engines ‘red line’ RPM with the enginerapletely ‘throttled’

(closed).

Propeller Effects

So the final situation is that the four propeller ‘ef&, that is: Slipstream
Effect, Asymmetric Blade Effect, Torque Reaction anddsgopic Effect, are

all ‘ganging up on us’ when we try to take off in a takglger aeroplane! They
are all contributing to ‘swing on take-off'.

Lesson Five — Power

To calculate the power required to fly at any particular speedhe following
formula.

Power required = Drag x Speed

Minimum power speed (Vmp) is slowtran the minimum drag speed (Vmd)!

Range

The minimum drag speed is the speed to fly to get the neminange from a
given amount of fuel! (Approximately 1.4Vs)

Endurance

Flying for maximum endurance demands the least power (minirpower
speed) and so consumes the least fuel and therefore givaheyanaximum
time in the air. The Minimum Power Speed (Vmp) is ldsemtthe Minimum
Drag Speed (Vmd). (Approximately 1.2Vs)
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Lesson Six — Stability and Control

Stability

There are two types of stability, Static and DynamiatiStStability is the
tendency for the aeroplane to return to its former attiafter a disturbance, and
Dynamic Stability is the number of oscillations it makéslst doing it.

We cannot even begin to discuss dynamic stability if th@pdene is not
statically stable in the first place, so dynamic sitgbdoes not apply to modern
‘fly by wire’ jet fighters or many high performance aerobatoplanes.

Roll Axis

When the longitudinal axis is aligned with the aeroplafiggbt path it appears
to roll around this axis, but in fact it rolls around fight path. Since the
reaction forces which keep the aeroplane aloft and praheeolling couple
come from the aeroplane’s reaction with the airflawipllows that the axis of
roll must be that airflow direction, which is of courbe teciprocal of the flight
path.

The Elevator’'s Control of A/A

Since the elevators are used to adjust the pitcheo&énoplane, it follows that
they must also give the aviator control of the angle wicktof the wing and,
therefore, control of the total reaction which resuftsnf any change in this
angle. The ‘tail volume’ is fixed by the design of theogdane, as is the area of
the elevator, so the only thing the aviator can alterasatiigle of deflection of
the elevator. It follows then, that there is a sddtionship between the angular
elevator deflection of the elevator and the angle othttd the wing (the ratio
between them depending upon the tail volume and elevatoy. @aacially,
since both wing and tail are moving through the air at the sspeed the
airspeed has no effect on this relationship. Only two things aiter the
wing/tail angle of attack relationship when flying out ofdgnd effect’, the
position of the centre of gravity and the use of flaps.

Lesson Seven - Manoeuvring
Turning

An aeroplane turns as a result of the horizontal compioaf the inclined lift
vector being made into a centripetal force by the actibrits directional
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stability, augmented slightly (if necessary) by a smalbam of rudder. The
size of the centripetal force will determine the rdteuon (acceleration).

lG’

The symbol ‘G’ is used to express multiples of accelematie 2G, 3G etc, but
‘G’ is not the force which causes this acceleration hatdcceleration itself!
However, the term ‘G’ is often used, inaccuratelynlicate the resultant of the
force required to produce the acceleration. The aero@adehe aviator ‘feel’
this resultant force as an apparent increase in weighit fi\@as become common
practice amongst aviators to express this apparent iecasas ‘G Force’, which
IS not exactly correct as ‘G’ is, as | have saideapression of acceleration not
force, but since its misuse is so common | will go alorth whis common
(mis)usage here.

Accelerometers

| believe that every aeroplane should be fitted with ecel@rometer and it
should be mounted in a prominent place. Why? Well if you baes following
my discussion on Newton’s third law, you will know titaé ‘G meter’ is also a
LIFT METER! It tells the aviator how much lift the wisgare generating as
multiples of their straight and level lift, at any tinme any attitude, instantly. Do
you think this might be a handy thing to know??

Drag in a Turn

‘Rule of Thumb’ for the pilots of ‘normal’ general aviatitype aircraft: “If you

double the A/A/ Lift / G you will double the total draggminimum drag speed”.
That is, 2G on the meter also means about twice the \1d& drag! This is
another good reason for having a ‘G meter’ in the cochpitf you don’t then
think of it this way; the extra weight you feel in a turnlimgl you down into the
seat is felt by the aeroplane as extra drag pulling itKban the air with the

resulting loss of airspeed and lift.

Lesson Eight — Climbing
Best Angle of Climb

The best angle of climb occurs at a speed where there igrédatesexcess
thrust over total drag and is a speed less than the minimughjreed. It is a
speed as slow as is safe above the aeroplanes take-adt e ‘pilot's notes’
of most light aeroplanes will declare a speed to attaennthximum angle of
climb as something a little faster than the theoreticast’ in order to give a
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safe margin of speed above the aeroplanes stalling speedT(\s)is usually
about 1.2Vs, which coincidentally, is very close to the mimmpower speed!

Best Rate of Climb

The best rate of climb speed is the speed at whiclexbess powers at a
maximum and it should come as no surprise to you to learnhisaspeed is in
the vicinity of the minimum drag speed. The aeroplangist's notes’ will
declare a speed a little faster than this optimum spdaali(el.4Vs), not so
much for safety but for engine cooling considerations, aftave will be using
full power and flying slowly, so an air cooled engine can bégisuffer from a
reduced cooling airflow just when it needs it the most.

Climbing ‘Rule of Thumb’

In the absence of advisory pilot’'s notes, or thrust, paavel speed graphs, a
simple rule of thumb for best angle and best rate of clonlaight aeroplane is
1.2Vs and 1.4Vs respectively, but keep an eye on the engnpetature.

Drag in a Climbing Turn

Remember, the total drag curve is also the ‘thrust reduwurve’ and in any
turn the drag increases in proportion to the ‘G’ (remenmbgrdrag in a turn

‘rule of thumb’?) So even in a turn of only 30° bank angle thd thteg has

increased by about 20%, requiring a 20% trade off fromfthest (and power)
available to climb. What all this means is that aenogdacan either turn quickly
or climb efficiently, but they cannot do both at the samee. So in order to
maintain a reasonable rate of climb in a light trainiegoplane, it is common
practice to limit the bank angle to about 20°-30°.

Lesson Nine — Gliding

Gliding for Endurance

The speed to glide at fomaximum endurance (minimum sink) is the
minimum power speed (1.2Vs approx). At this speed Total Drag comprises
1/39 ZLD and 2/%' LID. (Ref Total Drag Graph.)

Gliding for Range

The speed to glide at fanaximum range (flattest angle) is theninimum drag
speed, (1.4Vs approx)At this speed Total Drag compris#sZLD andY2 LID.
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Gliding for Range in a Moving Air Mass

A simple ‘rule of thumb’ is to increase or decrease a@dp@he appropriate
way) by 25% of the speed of motion of the air mass, buemslower than
‘minimum sink speed’. (The speed of motion of the air maskessame as the
wind speed experienced by someone on the ground.)

Gliding Speeds at Differing Weight

A simple ‘rule of thumb’ to estimate the change requiredhim airspeed to
compensate for changes in weight is to adjust the airdpeadgercentage equal
to half the percentage change in the weight. That is, if thgiwés increased by
10% the glide speed should be increased by 5%. Thereforeveerhaacraft
must be flown faster than a lighter aircraft. TGlele angle will not be altered
but it will come down the ‘hill’ faster and be in the &ir less time so it follows
thatweight does affect the endurance of a glide.

Rate of Descent versus Rate of Turn in a Glide

In general terms it can be said that, “As the bank angleases the rate of turn
increases much faster than the rate of descent”. $&odue regard for the
increased stall speed which results from a ‘tight’ tuoy glon’t have to “pussy
foot” around when turning toward a safe landing site. Indee&lbetter if you
don't.

Lesson Ten — Ground Effect

An aircraft enters ground effect from a height above thidase equal to its
wingspan. It then experiences a progressive reductiortsoinduced drag,
depending upon the position of its wings, as it settlesrobwee ground. A low
wing aeroplanes wing, which is about 20% of its span ahlb&eground at
touchdown, will experience a 40% reduction in induced drdmgst a high wing
aeroplanes wing, which is about 40% of its span above thendy will only

experience a 15% reduction.

Ground Effect can also alter the airflow around the lee (depending upon its
location). This usually takes the form of an alteredatiee angle of attack due
to the altered downwash angle from the wing and this vidl éhe stick position

versus angle of attack relationship a little during timelilag, often necessitating
slightly more ‘back stick’ to hold the landing attitude.
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Lesson Eleven — Stalling

Stick Position at the Stall

Since the stick controls the elevators and the elevatmtrol the angle of attack
of the wing, there must be a stick position which corradpoto the critical
angle of attack, and every other angle of attack too.

“You have direct control of the angle of attack of thimgs of the
aeroplane you are flying, at all speeds, and ina#iitudes in the air!”

Cause of the Stall

So what causes a stall? The pilot does, by moving itletstor beyond the stall
stick position. If you have inadvertently stalled thegvhow do you un-stall it?
Simple; move the stick to a position corresponding to an A&&s lthan the
critical A/A.

| must emphasize one more important thing here andighhat everything |
have said relates &tick position not stick pressure.The pressure or force you
will need to exert on the stick will differ depending uptihve airspeed and the
elevator trim setting.

The stick force does not matter: @tk positiondoes.

The effect of weight on the stall speed

As a general rule the greater the weight the greatersthll speed (for a
particular aeroplane). There is a very simple formukactv can be used for
calculating the stall speed at various loads if we exgressoad as a factor of
the maximum all up weight. That is, if the additionaldodoubles the total
weight of the aeroplane its load factor is 2 and so on. ideéhe formula:

New stall speed = Vs x/Load Factor (That is, the square root of the load
factor)

Or: Vs (New) = Vs\Load Factor.

The effect of manoeuvre loads on the stall speed

When we manoeuvre the aeroplane the acceleration cténgsapparent weight
to increase dramatically and its effect on the stpdledl is significant. The
foregoing formula applies to this situation too with the l&ing the load factor.
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Vsm = VsVG
If you want to avoid the mathematics just remember 120%, 40% increase in
stall speed for 30°, 45° and 60° bank respectively, whateveplane you are
flying, be it a Cessna or a Jumbo Jet!

Symptoms of an impending Stall

So what are the general symptoms of an approaching stal6?just put them
‘in a nut shell’ here:

1. Stick position moving toward the stall stick position.
2. Increasing control and airframe buffet.
3. Maybe an electric warning horn.

4. Finally, with the stick at (or beyond) the stall positidhe
aircraft departs from the desired flight path.

Where the nose is pointing and what the airspeedssrrelevant!

Stall recovery

1. Move the stick to the best L/D A/A position whilst
simultaneously applying rudder to stop further yaw.

2. Apply full power whilst simultaneously rolling the wings back
to their initial attitude with aileron and centeringe thall with
rudder.

3. Manoeuvre to avoid obstacles (like the ground!) withoating
the stick back to the stall point again.

Lesson Twelve — Side Slipping

The use of Side Slip during a Cross Wind Landing

The maximum sideslip angle which can be generated will mater the

maximum drift angle which can be accepted, which meansuahdown speed,
the maximum crosswind component in which the aeroplanbeaafely landed
using the normal threshold speed. When the cross wind cenpas greater
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than about 2/3rd of the published maximum it may be prudeneiduce the drift
angle by increasing the threshold speed a little, say ¥W0%eh will assist the
aviator by requiring a corresponding reduction in the Smlemgle, thereby
making the aeroplane more ‘manageable’. Remembereifhave increased
speed by 10% the lift has increased by 20%, so we domt ribe lift
augmentation provided by lowering of all of the flap. Redgdhe flap setting
to ‘the first notch’ would be more appropriate in thisugtton. Indeed, many
aeroplanes handle better in a ‘flapless’ configuratiothase speeds in a cross
wind.

If the wind is all crosswind and strong and the runway isheot @s to require
the slowest touchdown speed, then it may be prudent notdahare that day.
Come back when the wind has abated.

Misconception: If you stall in a side slip you will ent& spinl WRONG, you

can no more spin off a properly ‘set up’ side slipping apprdiagh you can off
a properly set up ‘straight’ approach.

Lesson Thirteen — Aircraft Structural Limits
Calculation of Vo

Remember the formula for calculating the stall speed atteyar ‘G’? (From
the lesson on stalling)

Vsm = VsVG
Which means that:

Vo = Vs\G limit
Vo does notmean that the aeroplane cannot be maneuvered at gre&es.sipe
simply means that care should be exercised to ensurdhihaG limit is not
exceeded as the pilot is now ‘working without a safety! net’
Calculation of the Rolling G Limit
A ‘rule of thumb’ in common use by those aviators that wstdad the problem
(and, now, this includeyou) is to limit the ‘G’ as seen on the cockpit

accelerometer, whilst rolling at maximum rate, to 2/8hefdesign limit. That is:

Rolling ‘G’ limit = 2/3 Symmetrical ‘G’ limit.
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Can an aeroplane be rolled at all above its rolling @?indes it can, indeed at
its rolling G limit it can be rolled at maximum rate kbe roll rate must be
progressively reduced as the ‘G’ gets greater untih@atsymmetrical G limit it
should not be rolled at all.

Manoeuvre Envelope

So we now have a graph which defines all of the struciurats of the
aeroplane. The curved lines represent the ‘stall bouhdad/the ‘G’ beyond
this line is ‘unattainable’ because the wings will sélthe boundary, whilst the
horizontal lines represent the acceleration linmposed by the designer (or
regulator),on any pitching manoeuvre the aviator might atterhpnvilying at
speeds aboveVo, and the vertical line represents the speed limit beyohich
the aeroplane should not be flown. These lines enclosgeanwhich is called
the aeroplanes ‘Manoeuvre Envelope’. Flight within this envelepakay but
flight outside it is either impossible or damaging to the darep All
aeroplanes, regardless of the purpose for which theydasgned, have
Manoeuvre Envelopes similar to this, but the +/- accetardimits andVs, Vo
andVne will of course vary with each type.
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(Sailplane pilots should also remember that their dirdnas a further G
restriction whenever the ‘airbrakes’ are used.)
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Vno

Unfortunately most pilots do not fully understand the meaningnof They do
not understand that it is a ‘response speed’ to a particidargaist, not a
manoeuvring speed, so some may indulge in maneuvers the aeraplamever
designed to do at this speed, thinking “I am in the greersarit,s OK”!!
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Airspeed indicator markings

The standard markings on an Airspeed Indicator are: a dyaeth fromVs to
Vno, a yellow (‘caution’) band fron¥no to Vne and a red radial line atne.
UnfortunatelyVo andVb are_notmarked on an ASI!

Lesson Fourteen — Turning at the Limit

There is a direct relationship between the speed anchtbeof turn at a given

radius, and the rate of turn and the radius of turngaten speed. An aeroplane
‘cornering’ twice as fast has almost four times the avRilable, which means

that not only is it going around the current corner twéaat, it can also reduce
the turn radius to half what it was at the slower dp#®ereby increasing its turn
rate by a factor of four!

So, to fly a minimum radius and maximum rate level tuve, must have the
lowest wing loading possible, the lowest density altitude iptessthe fastest
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airspeed possible, the maximun possible, and the appropriate bank angle to
maintain level flight.

| am aware that many pilots and flying instructors advotieewhen flying in
mountain valleys the aircraft should be slowed and flap dgtbmn the belief
that it will enable them to turn ‘tighter’, but in masdses this just isn't so. If the
aeroplane is capable of flying at the ‘corner’ of thenaeuvre envelope then
this is where it should be flown. ‘The corner’ is where stadl boundary line of
the aircraft's manoeuvre envelope ‘turns the corner at‘@ limit line. In
other words, a¥o and Max G on the stall ‘buzz’. Th& where you get ‘min
radius/max rate’ turns.

In order to make a level ‘U turn’ in a valley most e#icily in a normal GA
aeroplane, the pilot should initiate a turn at the sarad limit of the aeroplane,
apply full power, and whilst holding the angle of attack atchtical angle (on
the buzz) progressively reduce bank as the aeroplaws slch that the vertical
component of lift is alway#g, that is, to maintain level flight.

Lesson Fifteen — Human Limits

If the heart can take up to 15 seconds to respond to increasechdidut the
brains oxygen reserve can be consumed in only 5 seconds, whaheld®ain
do for the other 10 seconds? ...... Why, it goes to sleep!!

The modern acronym for this ‘going to sleep’ is ‘GLOC’, whistands foiG
inducedL oss Of Consciousness. Back in the ‘good old days’ this was called
‘Black Out’, because you obviously lose vision when you @msléeep’. But it is
possible to ‘Black out’ without GLOC! How can this be? W#ie different
cells of the eyes use the oxygen in their ‘Scuba Taaukdifferent rates, so it is
possible to progressively loose vision prior to GLOC as theu®ld First
colour acuity goes, then peripheral vision and finally focaiowisfails over
about a 1G range. So what we see initially goes grey, fodlole ‘tunnel
vision’ and finally black! This progressive loss of visisroften regarded as the
‘early warning’ of impending GLOC but occasionally theeraf increase of G
and the level of G sustained, can be such that onlk lmat occurs and the
increasing heart rate ‘saves the day’ for the brais.d fine line to draw.

A common mis-belief is that once the G is relaxed,sc@musness returns
immediately. It doesn’t! Vision is the first thing to weh once the G is relaxed
but it takes ‘Joe Average’ 20-30 seconds to regain usefgkceamrsness once he
has GLOC'd. By “useful’ | mean being able to respond to theson around
him. His eyes will be open and he may be able to uttersphréike “what
happened?” or “where am 1?” etc, after 10-15 seconds, busth&dly useful.
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The ‘G’ tolerance graph

l G Onsel Rate versus G Tolerance
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Lesson Sixteen — Spinning

Watch him spin, watch him burn.
He held off bank in a gliding turn!

Yaw at the point of stall causes autorotation gndrsng. No yaw, no
spin, so keep the ‘ball’ in the middle (unless iooatrolled side slip).

The spin recovery procedure

Throttle off

Confirm spin direction

Hands off

Full opposite rudder

When the rotation stops get off the rudder
Grasp the stick and pull out of the dive

okwnE

It's that simple!
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Annex A

Table of ‘VS’ Speeds

In this book and in book one, various key speeds have beemedefer as
multiples of Vs. The following is a quick reference &bf those speeds.

Vs

1.1Vs
1.2Vs

1.3Vs

1.4Vs

Speed at critical angle of attack in straight aadel (un-
accelerated) flight, at maximum all up weight, withps up
and undercarriage retracted.

Speed at critical angle of attack in a 30° bankeal t

Speed at critical angle of attack in a 45° bankeal t
Minimum Power Speed.

Best Endurance Speed.

Best Angle of Climb Speed. (Approx.)

Minimum Sink Speed when Gliding.

Threshold Speed for Short Landing.

Threshold Speed for Normal Approach and Landing.
Reference Velocity (&f) for safe low speed manoeuvring.

Speed at critical angle of attack in a 60° bankeal t
Speed for Best L/D Ratio.

Minimum Drag Speed.

Best Range Speed.

Best Rate of Climb Speed. (Approx.)

Best Glide Angle Speed.

Note: These reference speeds still apply, where apfdicalhen Vs becomes
Vsm during manoeuvring. For example:

In a 45° banked turn Vs increases by 20% to 1.2Vs, so the nmmimu
sink speed when turning at this angle of bank whilst gliding besom
1.2x1.2Vs=1.4Vs



