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1 Introduction

Deck landing techniques have been the aubJeot of considerable
dimoussion and experiment in the lest two or three years. A change
in technique has been introduced into the Royal Navy, in the interests
of standardisation, and modifications to this new technique have been
made, both deliberately and unwittingly. Acoordingly it was considered
advisaeble to collect together such information as was availeble on the
variety of techniques that have been used, in an attempt to show whether
any one of them was superior to the other, or to suggest further lines
for investigation. The elusive optimum techniqus is considered to be
that which mokes the lsast demands on the pilot's skill and Judgement
and which is the least likely to result in demage to the airoraft due to
human errors both on the part of the pilot and the Deck Landing Control
Offiocer. ‘

The ultimate test of a particular techniyue is the acoident rate
resulting from its use. Obviously our assessment of the various techniques
cannot be made on this expensive basis at this stege, so that attention
is direoted to those features which are belisved to leave excessive room
for the errors of judgement which are the primary cause of the great
majority of deck landing accidents.

2 The_evolution of current deck~landing technigues

A deck-landing technique may be defined, for comparative purposes,
ag the variation of height with distance during the last, say, 1000 feet
of the approach to the carrier. This variation, which is usually
represented diagramatically as the side elevation of the approach path
relative to the carrier, is largely under the control of the pilot and
the deck landing control officer (D.L.C.0.). The approach airspeed, V, ,
which mey be expressed in terms of the engine-on stalling speed Vg, and
the impact vertiocal velocity at touch-down, are to some extent dependent
variables, in that the pilot is not free to vary them at will.

Attention is therefore first directed to the various types of
approach path that have been used during the past 3-4 years. Information
and disoussion on airspeeds and vertical velocities, etc., appear later.

2.7 The pre-1949 era

Prior to the introduction of the so-called standard deck-landing
technique, Royal Navy pilots used what is commonly called the ®013d British"
technique. This technique was not rigidly defined, and oould, in fact,
be varied somewhat to suit a particular airoraft type. There were, of
course, additional variations on a given type due to the personal likes
and dislikes of a particular pilot /D.1.C.0. combination, espeocially when
the pilot and D.L.C.0. knew each other well.

This technique was used, for example, by the Seafire, and Fig.1
records the mean, maximun and minimum height of the wheels above deck
level as a funotion of the distance of the airoraft astern of the carrier.
The mean line may be treated as a typical approach path in this growp of
10 landings by one pilot on H.x.S. "Pretoria Castle" in 1941,

This type of approach is characterised by a fairly steep, steady
descent aimed at a point just forward of the round-down. In this
partiocular example, the glide angle was around 4 or 5 degrees to the
horisontal, relative to the caerrier deck, although, as stated above, a
different pilot or airoraft might have produced a slightly different
mean angle. Not more than 1 second before touohedown, the D.L.C.0. gave
the "out" aignal for the pilot to close the throttle, by which time a
partial check had been made, to reduce the vertical velocity. This check
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was more often the result of a small application of power, following a
®go-higher" signal from the D.L.C.0., rather than a backward movement of
the atiok, the latter being likely to lead to float. Every effort was
made to touch down with the tail well down in the 3-point attitude, to
reduce the risk of an aerodynamic bounce. The aim was to achieve this
attitude before arrival over the deck, to avoid the necessity of a last-
minute rotation of the airoraft in pitch.

With this type of approach, it was relatively easy for the D.L.C.0.
to judge the point of arrival on the deck, and he was eble to exercise
control almost up to the point of touch-down. Impact Vertical velocities
were low (sbout half the value accepted as normal at present) and the
trim change on closing the throttle was melatively unimportent.

It was, however, difficult for the pilot to judge where to ‘start
this final steedy descent, and this led to inconsistent approach paths.
The £inal check tended to produce touch-down points rather far up the
deck or, alternatively, the clearance over the round-down was low which
ocould be dangerous in rough weather. Further, this check, which was
made essential by the then universal tail wheel type undercarriage with
low Jesign vertical velocity, required fine Judgement by the pilot. If
overdone, and particularly if the elevator was used in the process, it
led to float over the wires, while if the airoraft touched down on its
main undercarriage only, an aerodynamic bounce or damage to the under-
carriage was likely. The accident rate on Seafires, largely due to these
ocauses, was very high.

Finally, this type of approach required careful control of the
approach airspeed. If the margin over the stall was too low, the pilot
was unable to perform the desired check without danger of stalling, and
the nose-up attitude made the already sppalling view even worse. If the
speed was high, then bounce or float was likely. '

While the choice of the Seafire as an example may be criticined' on
the grounds that it was not a typical aircraft of the pre-1949 era, it
did at least typify the difficulties and shortcomings of the old system.

2.2 The "standard" technique in the U.S. Navy

Confidential Admiralty Fleet Order No.211 dated 1st July 1949
introduced into the Royal Navy the deck-landing technique already used
_ by the U.S, Navy. The description of the technique contained in this
Order specifically required the aircraft to make its final straight
approach to. the deck in level flight at a height of 15-20 feet above the
deck. :The "cut® signal was to be given while in level flight, of
neoessity some distance aft of the round-down. Thereafter, the pilot
had' to make his owmn landing. -

The technique already used in the U.S. Navy is desoribed firat,
and is illustrated in Fig.2, which gives the mean height of the wheels
sbove deck level as a function of distance astern of the carrier, during
landings by P9F-Pantheras (single-jet fighters) and by F&F-Bearcats and
P4U<Corsairs (both propeller-driven piston engined fighters), asboard
U.S.S. Midway in 195C.

- Theme records show that during these landings there was seldom any
level portion in the final approach, and the mean path was at an angle
of Just over 1° to the horizontal. The “out" signal was usually given
after the initial shallow glide path had been steepened for the final
desoent on to the deck. The mean glide angle at the “ocut" point was
over 30, while at touchedown it was over . Table I gives further
details of these landings, which were all recorded in fair weather. The
height ovér the round-down on the Panther, for example, would nsed to be
incressed if the deck were pitching.
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Leat it be implied thaet the pilots and D.L.C.0.'s on "Midway" had
deliberately and unofficially modified the presoribed technique, it is
emphasized that it is very diffioult to judge between a level path and
one inclined at 1° to the horizontal. It may be that the changing
foreshortened view of the carrier deck as the airoraft turns into line
with the ship gives the pilot the impreasion that he is flying level
while in fact he is slowly descending.

2.3 The htandard"technique in the Royal Navy

Early reports? on the application of the new technique to British
naval aircraft were fairly enthusiastic. The "level" approach was found
to be easier to judge. Very few throttle movements were necessary, most
of the height corrections being made with elevator. The slightly higher
engine power required improved the baulked-landing behaviour, and a “wave=~
off" could be given later than with the British technique. It was
oonsidered that the early "cut" was an advantage in that it gave the
pilot more time to make final corrections before the touch~down, which,
it was olaimed, wes “surprisingly gentle".

It was, and still is, agreed that, in some ways, the D.1L.C.0. now
has an extra share in the responsibility for making a safe landing.
Although most of the signals which he gives to the pilot on the approach
now convey information, rather than instructions, much depends on his
Judgement of the correct position at which to give the mandatory "“cut"
signal. A badly timed signal, if obeyed by the pilot, can have serious
consequences, particularly if the aircraft were in level flight at the
time.

Approach paths have been recorded for a number of aircraft using
the "standard® technique during carrier deck-landing trials on H.m.S.
"Illustrious". A selection of curves showing the mean height of the
wheels above the deck as a function of distance from the carrier is
given in Fig.3. Also given is the mean approach path for Sea Vempire
aircraft landing on H.M.S. "Theseus" in operational conditions, indicating
that pllots making trial landings were using a technique very similar to
that used in Service.

Compared with the mean paths produced by the pilots on ths U.S.S.
"Midway* (Fig.2), these paths arc of the same general shape, but are
somewhat steeper initially, at a glide angle of about 2° to the horizontal.
The increase in glide angle in the region of the "cut" point is less
marked, in fact, the glide angle increases continuously during the final
2=300 yds of the approach. )

Acoumulated experience has revealed a number of features of the
"atandard® technique which are regarded as unsatisfactory. The D.L.C.O.
has to decide on a suitsble "out® point, judged on the aircraft's speed,
height and rate of desoent. This point is decided largely by guesswork,
and since he dare not err on the early side, there is a tendency to give
the “out" after the optimum point has been passed. Thereafter, the pilot
has to complete the landing unaided, with engine off, from a point which
is some distance astern of the round-down, but which may be too nesar the
desired touch-down point, considering the height still to be lost. The
change in trim on closing the throttle is of greet importamce, If there
is a nose~uwp trim change the aircraft is likely to touch down further wp
the deck than the D.L.C.0. intended. If the trim ochange is nose-down,.
there may be a considerable increase in rate of desoent, necessitating a
well=Judged ocheok and ample elevator power, while on a propeller driven
airoraf't, elevator power mey be seriously reduced on closing the throttle
(e.g. Pairey GR17/45). The ®last-minute" check to reduoce a high rate of
descent, may do no more than produce an exaggerated tailedown attitude
at touchedown, leading to damage to the rear end of the airoraft. A wide
range of touch-down attitudes is therefore likely.

-5a
CONPFDENTIAL




Judgement in the fimal stages. :

CONFIDENTIAL

Technical Note No. Aero 2206

" The effect of the ®standard" technique on impaot vertical velocities
(on which information is given in Table II) is not clear-cut. It is
falrly certain that high impaot vertical wveloocities will result if the
"out" is taken in lavel flight, necessitating a rapid inorease in rate
of descent, with insufficient time to produce a oheck. The higher the
rate of descent at the “cut™, the less the change that is required, and
high impeot vertical velocities are less likely. We may therefore expect
that, insofar as the techniques desoribed ebove are typical of Service
practice, the Royal Navy's. interpretation of the technique is less severe
on the undercarriage then that used by the U.S. Navy.

2.4 Modifications to_the "stanjard* technigue

In an attempt to overcome some of the undesirable features of the
presdribed standard technique while retaining the good points, a technique
which is a compromise betwsen the standard and the original British
techniques has been used on a number of occasions by pilots of the A& AE.E
during deck landing trials. This new technique, which in fact, seems to
correspond more closely to the 01d British than to the standard technique,
is best illustrated by the mean approach paths shown in Fig.4. Compared
with the paths given in Fig.3, the modification has steepened the initial
path to around 4°, and there is now no noticesble increase in glide angle
in the region of the round down. Over the final 300 feet, the path is
above that recorded for the Seafire (Fig.1). :

The advantages claimed for this type of approach arg detailed in
the reports of the carrier trials on those three aircraft?s%»3, It has
made the most favourable impression on pilots flying the Venom and
Fairey GR17/45, where, with a forward C.G. position, there was said to be
insufficient elevator power to achieve the desired attitude and oheck of
the rate of descent from the standard approach. Using the modified
technique, only camparatively small changes in attitude and rate of
descent were needed. With the late ®cut", the trim change on closing
the throttle was of less importance, and the previously marginal or
inadequate elevator power became satisfaoctory.

In addition, the D.L.C.0., who was moved forward so as to be ahead
of the aircraft up to the point of touch-down, was now able to control
the aircraft almost on to the deck, reducing the scope for errors of

In Tablg II, results of the analysis of landing records using the
standard and modified techniques are given. The chief difference between
the two techniques as revealed by these figures, is a reduction in impeoct
vertical velocity for the Fairey and Blackburn GR17/45 aircraft using the
modified technique. On the Sea Venom the higher mean impaot vertical
velocity attributed to lack of elevator power with the forward C.G. position,
was counteracted by the change to the modified technique.

; For easier comparison, the four typical forms of deck~landing approach
path are plotted together on Fig.5, which also shows the mean position of
the airoraft when the "ocut® signal was given. )

3 Approach airspeetis - future trends

' The mean approach airspceds, and tho standard deviation sbout the
mean; are given in Table II for the British airoraft. There appears to
be a small reduction ih the mean approach airspeed over the final 10
seqonds of the approach when the modified technique is used, but this is
prgyably not large enough to be signifiocant. -

. No stalling speed measurements are available exoept on the Attacker,
for whioh the mean approach airapeed is 1.16 times the engine-on stalling

“« 6=
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speed. Partial glidc tests snow thet thls aspproach airspecd is 97% of
the minimwn drag sseed and suggest that ¢ven at tho lowest airspceds

" used, no difficulty should arisc¢ due o poor control of airspced or

rate of descent, according to the oriterion proposed in Ref.6.

. For evidence on the trend of the ratio of approach airspeed: to
stalling speed, use is made of the rosulte of o series of deck-lending
trials in whidh the sheed of thoe airceralft reletivs to the carrier wos
increussd to neariy 110 knots, in enticipation cf the rclative speeds
expucted with future naval aircraft and arrcstir gears.

Pifty-one asproaches ard touch-downs using the "standard" technique
(with ro srrester gear ov varrier) were made oa H..S. "I[1lustrious" by
Ses Vampire k.20 alrcraft. The wind speed over the ‘deck was reduced in
stages till eventually the approachus were made down-wind. The pilots

‘were asked to ncte any difficulty which bocane more pronvunced as the

relative specd increcased. Arfter cach toudh=dowrn, the cireraft took-off
again imaediatcly. :

Conditions were slightiy artiJicial for two reasons. Since the
landings were not srrested, the pilct had te be resdy to apply full
threttle for take-orf as scor as ac had tuuched-down. This mey well
have affected the nrocedure following the "ocui". The throttle was not
always fully clossd on receipt of the "cut" signal; in some instances it
was not moved at 2ll till after touch~down. These landirgs wore made
bagically by usc of olcvator, and tne touch~down points tended to be
rathur far w the cock, baccuse of the large forward ctick mouvements
requircd. _—

Secondly, since high clusiag spaeds could only be simulated Ly
decreasing the vind speed over sac dack, the tunein from the down-wind
leg had to oo sterted fursrsr aft thon ususl, in order thut the turn

could be complutcd bafore the roand=down woas reacnsd. Although possibly
of secondary importance, this .nforced clmnge in the landing "pattoeren”

‘w&as an undesirable feature.

The measured final a,yrcach cirspecas have heen converted into
speed margins over the corresponding engine~cr stalling spceds (‘.’%/VSE)
and are presented in rig.6 as a {unctirn ¢f {he relstive speed. In
spite of the scatter, a definiie upward trend muy be obssrved. The rate
of increase indiceted by the mcan line is compsred with a progosed method

- of estimating the mean speed margin for any alrcrait”, which is based
largely on the reported difficuity of correcting errors of iine at
. ‘increasing relative speeds. The oronosed rute of increase would,

theoretically, give a ccnstant effective margin of safety over the stall
during theé S-turns recessary to correzt for miseligmment with the deck.
The observed rete of inorease of Vi/Vgp is sbout half the proposed
value. The pilots comrented on the increased dif'ficulty of correcting
line errors, due tc lack of time, and to the fact that the D.0.¢.0. could
not detect and signal theae errors before the pilet had himself taken
corrective action. Howevsr, they did not report thet the airsneed wes
deliberately inereased at the higher closing speeds to overcome this.
The ‘reported lack of rusponse and effcetiveneass of ailercns and rudder
becane increasingly emLarrassing as the relative speed increased, and
this may have prempted tie observed small increase in soced margin over
the stall. The proposed rate of increase (Fig.6) appears to be adeyuate
for the Vampire.

& The final plhase = “cut" to touchdown : : TN

Lel  ®Cut" position and its eftect on ‘the tcuch-down

4

~ It has been stated (Section P.3) tuat much dcpends upon the.DyInd.Go's
agscsasment of the correct positiun at which to give the "out" signal.

-7
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Prom this it might be inferred that there should be some correlation
between the “out" position and, for example, the impaot vertioal velooity.
In fact, no connection has becn found between the impaoct vertical velocity
and the "out" position, dencted by the height of the aircraft ebove deck
level. Amerioan studies’/ have arrived at the same conclusion. The
impliocation is that the pilot adapts his "postecut" technique to ensure
that he arrives at the desired rcgion on the deck with a reasonable
vertical velocity, irrespective of when he receives the “out". We should
expect this to be relatively easier when the aircraft already has a
positive rate of descent at the “out" point. The modified standard
technique is therefore an improvement in that the "cut" may be given
later, at a point where the D.L.C.0. is better able to Judge the touch-
down position on the deck, and from which the pilot can ccmplete the
landing in a relatively short time.

Tebles I and II show that, at nomal relative speeds of up to 70~=75
knots, the "out™ position, using the standard technique, is 100~150 feet
aft of the round-down, at a height of 15=20 feet above the deck. With
the modified technique, the "cut" is given at around 30 fect af't of the
round-down, when the height is 10-15 feet.

At higher relative speeds (up to 105 knots), the “cut" was given
progressively further aft, while the touch-down points moved gradually
further forward of the round-down. This effect is 1illustrated in Fig.7.
For clarity, the relative speeds for the Vampires have been averaged in
10-knot groups, covering the range 70-80 kts, 80-90 kts, 90-100 kts and
100-110 kts. Mean points are also shown for a number of other aircraft
additional to the Vampire results.

Although, during the Vampire high closing speed trials, the "cut®
was sometimes given (but not necessarily acted upon) when the aircraft
was ag much as 400 feet or more aft of the round-down, there appears to
be no connection between the impact vertical velocity and the "ocut"
position defined in this way. The records show that the horizontal
distance between the "cut"™ and touch-down points wes roughly proportional
to the relative speed, so that about the same time was availeble for the
descent on to the deck from the "cut" height.

The conclusion is that the "cut" signal merely indicates to the pilot
the point at which he is to take over full responsibility for completing
the landing. When the "cut" is given far astern - for example, when the
relative speed is high, or when a true horizontal approach is being made -
the pilot has more opportunity for maxing errors, and the D.L.C.G. cannot
be certain that a succesaful landing will follow. Further, his difficulty
in judging the correct instant at which to give the "cut" has obviously
increased, and the pilot may have a nstural aversion to closing the
throttle while he can still see a wide expanse of sea between him and the
carrier, » :

4.2 Condition of sircreft at "cut®, and effect on touch-down

The rate of descent in the final atage of the approach has a marked
effect upon the choice of the "cut" position, and might be expected to
have a bearing on the final touch~down.

The condition of the aircraft at the "cut" point may conveniently
be denoted by the ratio of the height sbove the deck to the instantancous
rate of descent, i.e., in terms of a fictitious "time-to=-go" before touch~
down. This is the time that would elapse before touchedown if there were
no further change in the rate of descent.

The actual time between "cut" and touchedown was befween 2 and 4
seos for most of the landings examined. Clearly, if the "time-toego® at

-8-
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the "out" excecds this, an increasc in rate of deacent is indicated, and
the emount of this increass is a measure of the change in flight condi-
tion necessery to complete the landing., (n somu sircraft, part or all of
the ohange might arisc autowatically from the trim change on clesing the
throttle, In other cases (e.g. for the Vampire high closing speed trials),
the chsnge was preduced almoat entirely by elevator.

Fig.8 shows that, as cxpeoted, thiere is & tendoncy towards large
increases in rate of descent betwecn "cut® and “vuch-down when the "time-
to~go" at tle "cut" exceeds sbeuat 4 scocnds.  Wn.gs pssulta were cbtained
during the Vempire high closing speed irials. They show that increases
in retc of descent of uwy to 1V.ft/scc vere rejuired when the "cut" was
taken high above the dccv, in near-level Tiignt. At the average glide
angle recordecd at toe “cut" point, the "time toego® is such that only a
small increase in rate of descent is recessary, A mederate rate of
Gescent at the "cut® thorefore reduces the amcunt of control movement
necesgsary to complete the lanling and the rcom for error in making those
movements. .

4.3  The "post-cut® manceuvre - piloting technigue

Following the "cut®, a nos.-down trim change is nomally required,
except when, as with the originel British technique, the flight path is
already sufficiently steeo to ensure a reascnably carly touch-down.
Unless the trim chenge with power iz sufficient, a fcrward movement of
the stick is needed, and therein lies cne source of pilot error. It is
believed that there may be a tendency to over-do this manozuvre and dive
for the deck when the deck is obstructed by barriers apd the forward
aircraft park. This tendency masy be rurther encouraged by the L.L.C.0.
giving a late "cut" (sec Scction 2.3). In such cases, an excessive rete
of descent may dew{elop', which the pilot will try to reduce by a backward
stick movement before touch~dowa. T

This nttempt to reducs the impaet vertical veloucity ty meens of the
flare is a fairly common fezture of the ‘andings made by the techniques
sc far discussed. Ita effectivensss is douctiul, however, particularly
in those cases where a reduction is most nceded. If a high rate of
descent is generated Just before the toush-down, the aircraft will arrive
on the deck before any acprecieble reduction can be mede. Suppose, for
example, that the speed margii ~ver the stall is such that o Lift/weight
rativ of 1.2 can be used during the flare. If the initial rate of descent
is 20 f‘t/sec, then almost 15 feet of height will be lust in reducing this
rate to 15 f1/sec. If, however, the initial rate of descent was 10 ft/sec,
this could be halved in caly € feebt of height t'rom the point at which the
full J/W ratio was availablic. In general, the higher the rate of descent,
the smaller is the reduction in that rute that can be produced in a given
height before touch-down. ' '

This fact is difficult to demonstrate experimentally without elaborate
instrumentation. IFrom the available data, however, some information may be

" obtained on the occurrence of “lagt-minuto" attemots at rcducing the

vertical velocity. Such attemots wlll result in rapid incresses in
incidence just before touch-down, and will menif'est themselves as increases
in airoraft attitude. The resulting differences in vertical velocity of
the main and of the nose or tail wheels ars £ measurc of the rate of change
in attitude, which will be rouchly the samc as the rate of change of
incidence, changes in glide angle being relitively small.

In Fig.9, the difference in tiw vertical velocity of the mein and
of the nose or tail wheels is plotted against the impact vertical velocity
of the main wheels. Tnese wertical velocitics are mean valucs over the -
finel 0.25 second period beforec ths main wheels touch the deck. Although
occasionally an arrcster wire may be engaged in this interval (but rarely

-9~ .
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any eériier) no sign of any change in the vertical velocity of the nose
or tail wheel due to this cause was observed. ‘

The dlagrems of Fig.9 are interpreted only as suggesting that the
higher impact vertical velocities are assoclated with more rapld nose-up
pitching angular velocities, and that these angular velocities result
mainly from a rapid "last-minute® increase in incidence, il.e. an attempt
to flare. It is fairly clear, from theoretical considerations, that such
attempts can have had little effcect on the wrtical velocity.

A further argument agasinst the use of the flare technique is that
it leads to a wide range of attitudes at touch-down. On same aircraft,
it can lead to an undesirebly tail-down attitude which may damage the
reaer end of the (tricycle) eircraft. On an aircraft with a long sting-
type hook, it will encourage the engagement of an arrester wire before
touchedown, which may lead to excessive nose-wheel impact loads. PFinally,
it is a manoceuvre which, if overdone, can lead to floating into the
barrier. There is therefore a strong case, as recommended in Ref.8, for
eliminating the flare, the aircraft being rotated to the correct touch-
down attitude as soon as possible after the “cut", and held at that
attitude until contaot with the deck is made. Since an appropriate rate
of descent must be established at the same time, the process will be
simplifiied if the aircraft alrecady has a positive rate of descent at the
“out®. : '

5 Further develooments in deck landing technique research

The high closing spced trials with Vempire aireraft, mcnticned in
Section 3, underlined the shortcomings of the D.L.C.0. as a means of
assisting the pilot when the relative speed is high. By the time the
D.L.C.0. had decided that some correction was necessary, signalled it to
the pilot and the pilot reacted to it, the situation was likely to have
changed. The D.L.C.0.'s chief usefulness was in giving the "cut" or
wave-off signals, and the early "cut" required from a standard or shallow
approach left room for error on the part of both pilot and D.L.C.O.

~ These difficulties point to the desirability of some automatic aid
for the pilot, if only to eliminate the time lag between detection of an
exror by the D.L.C.0. and its correction by the pilot. Whether the error
information is passed to the pilot by radio or optical means, or whether
it is fed directly into an automatic pilot, the solution to the problem
will be simplified if a straight descending approach is used. This
approach would be at a congtant rate of descent that could be safely
abgorbed by the undercarriage, and along a path giving adequate olearance
over the round-down with a reasonsble touch-down point. There need be no
®out" and no flare.

The elimination of the flare has already been tried and recommendede.
Elimination of the "cut" (treated as a signal to close the throttle) is
also possible, as has been shown in cgrrier-deck landing trials in
conncotion with an angled deck scheme’/. Tiese trials showed, howecver,
thet it was much easier to land without closing thce throttle from a
descending as opposed to a standard approach since much less elevator
movement was noeded to complete the landing. '

The combined ™no-cut, no-flare™ technique ms been assessed in
recent deck-landing trials on H.u.S. Illustrious. Nec D.L.C.0. was used,
and the correct glide path was indicated to the pilots of the Vampire
airoraft by an optical system. This consisted of a large mirror, 8 ft
high and 4 ft wide, faoing aft, in which was reflected a bar of light from
lamps shielded from the direot view of the piiot. When viewed from :
anywhare on the correct glide path, the bar of light appeared exactly
half-way w the mirror. If thc airoraft climbed above the correct path,

—10-
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the bar of light was seen above the centre of the mirror, while if the
aircraft got too low, the bar uppeared below the centre. The system
thus gave a continuous indication of the emount and direction of the
height error.

The mirror, which was slightly curved in horizontal section (to
allow the reflection tc be seen when the mirror was off to oms side of
the flight path) was erected with its maJjor Jisaension approximately
vertical on the starbosrd deck edge, 160 ft from the round-down. Cyro-
gtabilising equipment, ~ssentisl Tor compensating for the pitching of the
flight deck, was not availeble for these preliminary trials, some of
which were done while the deck was pitching almost ti degrees.

Preliminary anzlysis of the records indicates that this approach
technique is perfectly feasible in fairly caim weather, even though the
optical path which the pilot was following wes not then stabilised.
Assigstance could he given to the pilot from a range of 2 miles down to
the touch-down, which was, if anything more gentle and consistent than
when using a conventional technique.

A number of the recorded approach paths are shown graphically in
Fig.10. There appears to be & tendency for the aircraft to get appreciably
low over the round-down. This may be due partly to the known existence
of a region of down-draught Just aft of the round-down on "Illustrious",
and partly to a desire on the part of the pilots to engage an arrester
wire earlier than the one for which the system was set up.

The chrice of the position and inclination of the glide path is a
matter of compromise. Fig.11 shows the possible combinations of the
three verisbles, (&) round-down clearance, (b) impact verticel velocity
and (¢) position of touch-down point, for three classes of aircraft
having relative speeds of 60 knots (ec.g. the anti-submarine aircraft on
the Light Fleet carricvr), 75 knots (2.g. the present-day fighter on the
Fleet carrier) and 105 (e.g. a future fighter on the modernised carrier).
The clearances and vertical velocities apply only when the deck is not
pitching. With the beam stabilised for rough-weather operation, a 110 ft
movement of the stern could alter the round-down clearances by the same
amount, and could change the velocities normal to the deck by 4, 5 and
7 ft/sec for the three classes of aircraft respsctively, due to the
inclination of the deck. The verticual movement of the deck has little
effect on the vertical velocitics since the touch-downs are assumed to
be near the null point of the pitching oseillation.

If we ainm for a minimun clearance of 5 feet over the round-down
when the stern is moving through +10 £t about its mean position, we
require a clearance of 15 feet over the "rest" position of the round-down.
We further arbitrerily chocse limiting touch-down points of 150, 175 and
200 feet forward of the round-dovm. These two limitations can be met
with meen impaoct vertical velocities of 10, 11 and 13 ft/sec on the three
classes of aircraft considered. These vertical velocities are 60-65% of
the assumed undercarriage proof vertical velocities of 16, 18 and 20
ft/sec respectively, and still allow for the possible increases in velocity
normal to the deck dwe to touching down when the deck is in its worst
condition (stern fully down). Xxcept in the third cless (105 knots
relative speed) a small additional margin is available for heavier-than-
average landings coupled with the worst inclination of the deck. There
is reason to believe that, using an aid of this sort, the atatistical
scatter of impact vertical velocities would be less than is obtained on
conventional landings.

On Fig.11, the limitations of this system are shown diagremmatically.
It is seen that reduced vertical velocities, or touchedown points nearer
the round-down, can only be achisved at vhe expense of a reduced olearance

T

CONPIDENTIAL




CONPFIDENTIAL

Tkl ot L, s 2200

over the round-down. Alternatively, additional clearance over the round=-
down could be obtained, if required in rougher weather, by raising the
beam parallel to itself and accepting a touch-down point even farther wp
the deck, but with no inorease in vertical wvelocity.

Much remains to be done on this problem of presenting the helght
error infomation to the pilot (pending fully automatic control) in a
form that allows him to give adequate attention to control of airspeed
and aligment with the deck. The preliminary tests with a fixed,
cheaply-produced mirror on H.M.S. "Illustrious" were sufficiently
encouraging to Justify the production of a mirror of much higher optical
quality with the necessary gyro control gear. Considerable benefit has
been derived from an elementary form of airspeed error indicator whose
indication is seen reflected in the front windscreen, superimposed on
the view of the deck. :

The whole problem of conveying three types of information to the
pilot, viz, height, alignment and airspeed, is probably capable of a
large number of solutions, and much research of a trial-and-error nature
will be required to determine the optimum system. The physioclogical and
psychological aspects of the problem are discussed in a recent reportiO
issued by the R.A.F'. Institute of Aviation Medicine.

6 Conclusions

The development of current deck landing techniques has been
discussed with particular reference to those features which are believed
to leave room for errors of Jjudgement on the part of the pilot or D.L.C.0Q.
It is suggested that the standsrd technique as practiced by the Royal
Navy (as far as can be ascertained from the brief records available) is
probebly the optimum form of the conventional "cut-and-flare®™ technique.
Steps should be taken to obtain more up-to-date information on the deck
landing technique at present used in Service.

For the future, when the D.L.C.0: is expected to be of less and less
assigtance to the pilot, there appears to be considerable promise in a
much simpler technique whieh involves neither the "cut" nor the flare,
the land being made off a steady sinking approach defined by a stabil-
ised beam (optical or radio) projected from the deck. Research will be
needed to enable the pilot to use this form of assistance while still
being free to attend to errors of airapeed and aligmment, pending the
fully automatic landing. ' The bencfits of this system are, however,
obtained at the expense of a touch-down point farther up the deck than
is nomeal, and may aggravate the deck-park problem on a conventional deck.

This technique has an immediate application to the angled deck

.acheme, where the abgence of a safety barcier makes it desirable and

possible to leave the engine power on until arresting starts, and where
it may be possible to make the normal touch-down point farther wp the
deck. o S

As a firat step towards the fully automatic landing, this "no-cut,
no flare" technique appears to be most encouraging.
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