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sssessment of Avbo-T.B.S. Aporoaches ‘
by B
- K. Eyre B.Se., D.1I.C,,

LN Summary

In waking flight tests on auto-contrel systems the effect of tolerances
on the various compcnencs in the system may have a significant effect on the
performanceé. At 4. & A.E.E., in recosmending clearance for the Sﬂrvxce, it
is required to determine the likely lmits of perfoxrmance that will be met
in genercl use, fron the smailest practicable number of tesis.

This note descrides the recomended procedure for Clight testing Auto~I.L.S.
approacnes at A, & AE.E. and gives a method for estimating the "Aireraft
Approach Limitation" height., The method can be applied Yo other types of
approacht systen, The.object.of the.noke is to give a systematic method of
testing, which from a practicable nuwber of tests covering what are thought
to be the most important vardables, will give u reasonable degree of certainty
that the A.A.L. neight is adequate and that the performance will be acceptable
in Service use. No account is taken of power {lying control or aerodynamic
\&ifferences between aircralt.

The report has bees wmritten in order fo stimulate discussion and exchange
of 5dées in this comparatively new field of flight testing; 4t is not
intenddd at this staxe to represent a mandatory flight fest. achedule.
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1. Introduction !
H

'

The test technique given in this.paper is baséd.on.established methods
but takes into account additional vardables whick have nét previocusly been
assessed systematicelly. Zhe paper s intended to stimulate discussion ahd
exchange of deas in this comparatively. new. £iedd of flight testing but not
at this stage to give a mandatory flignt test schedule. Certain aspests of
the testing will also apply to fubture "Aubomatic Latiding Systems".

o ——

The, object of the assessment is to determine whether or-not the aircraft
type ilk bebave in a safe and comfortable manner during the wholé approack on
any ground installation and alsoc to determire -the nintnun-safe heaght to which
the aﬁmi-aft can be allowed to descend under auto-pildt control in non-visual
condifions.

4s the approach perforvance is-affected by a number of variable quantities
{i,e. T.L.S, beans characteristics, auto-pilot characteristics, ajreraft
configuration, alreraft -speed, ¢ c.) it is essential %o flight test over a
practical range of as.many of these variables as possible. In Section 3,
which gives the recomuended test procedure, mosh of the varaables are listed
bub as the possible variations in I.L.S. bean characteristics may not be fully
appreciated these are described in some detail dn Section 2.

In Section A & method is given for cstimating the “Alrcraft Approsch
Linitation™ height., fThe method is based on estimates of flare and sidestep
: 1 “hese cstimates are
deseribed in detail in Appondices I and IX. This method can also be used for
assessing A.Abe values fof maminl T.1L.5. approdches or for other types of
approach guidance system such as G.C.A.

2. " 1.L.S. beam characteristics

The I,D,8. bean system provides angular displacement information to the
pilot or auto-pilot, in both azimuth and pitch, by means of tw ground radio
transmitters. %ho fransmitter providing azimuth information is known ag: the
"Localiser" and it radiates two ovorlapping beams, cquak signals from cach
boing received on. the correct path and oac or the other predominating if the
aircraft-deviates from it. Near the beaw centre plane the error signal is
inténded fo be proportional to the angle off the centre plane. It s desirable
for the Localiser transmitter to be situatod on the extended rumvay centre line
as-shom in Fig. 1, but insome ingtallations, due to shortage of land in the

rovershoot ares, it has been necossary to place the Localiser at the side of s

the runway in an "Offoet" positién, In theso installations tho equal signal
plane is not paralicl to the runway centre ine but interseots it shead of the
touch down noink.

Tho transmitter providing pitoh information is knoam as the "Giide Path"
and 1% rodiates two overlapping beams, in a similar manner to tho Localiser
but in the vertical plane, with t.. equal sigmal plane inclined at approximately :
I™4o the horizontal, . .
Tao "Marker Beacon" fransmitters known-as "Outer™ and "Niddie" markers
aro also provided and these are placed along the approach path at fixed points

to give the pilot posi¥ive range information,

The azimuth and pitch angular dlstances from the {wo beam centre planes
are.displayed to the pilet on an "I,L.S. Meter". The meter has two pointors,
ono vertical and one horizontal, The pointers move over o scale on which is
narked a oircle, in the cenire, and four dots in cach direction of movement,
The.clrole redius is one Got and the full scale deficetion is said to be five
dots, vhich coxrosponds-to a signal input of 150 micro anps. In an sutomatic
approsch the pilot monitors the approach by reference to the I.L.5. hefor.

[f2iee, i
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- 2.4 Locaiiser . ‘

} ~ !
L ) 2,14 Setting-up roquirpments, “fhe following are tho main bean i
H requirements affecting performance testang as ghven in P.2888.H, i
} 3
i (f)a. Incling Snstalletion i
t _ The ‘drection of the "course line" of the beag must be ! ¢
, ¢ along the centre-line of the runway. (No 1imits given but {
. within 20,19 of the centre=l4ne is-thought to be.x ble.) ;
! i

. {X)b. Offsct installation :

The direction of the "eourse-iino® of the boam must
. intersect the centre-line of the runvay at a distance of 1860 £t,
'down wind' from the glidepath transaitter. (No limits given.)

(XI) The preferred angular width for 15.5% D.D.N& (350 mioro
amps sitdch &s £ul} seale dofiection of the I.L.S. meter d.e..5 dots)
is #25°. The linifs arc #2° tp #3°.

PR ———

(IXI) AL 4750 £t. from the giidepath transmitter it ig recommended
that the bean width:is 3500 £4. The Minits arc +400:£%. to 650 ft.

¢ ot s+ ot i

It follows from requirement (IXI), vhick is intended %o give a reasonably
standard bean sensitivity round sboub the break-off heizht irrespective of
: runvay length, that for in-line installations, as the runway length is

increascd.the bean angle will havo to be reduced, In the edse of the

. Ao & AJEB. runway vhere tae localiser to giide-path transsittor distance is
9,900 £t. the beim angle has to be restricted within the range of 2 to 2.5 -
degreos as shown in Figs. 2(L) and 2(8). Pig, 2(B) shows the percentage width .
variations allowable ab 4,750 ft. from the 'glide-path transmittér {approx.
slddle marker and broak-off height region) and 21so at 8 n.m. {approx. bean ~
' * capture region) for variation in distancc botween localiser and glide-path .
transuitters. 1

The effective aireraft to beam gearing (.0, corrceting signal to
aroraft/iincar dispiacemént from beam centre line) will bo inversely )
- proportional to distence fron the beam origin and at & givon distance from
the beam origin will be inversely proportionsl to beam width. ihe distence
offect on gearing is of course inherent in the angular systoi used ang oven
assuning thal alk beams are identical the auto-pilet systen will always have
a-large gearing variation o contend with as {4 procecds down the bean, In '
generad auto-pilot systems- appoar to have coped with this effcot but troudle
has been oxperienced on one particular aireraft. It is considercd that in
order to make surc that a system has tho bost compromise mito-pilot gearing
settings and that no difficulties will be experdenced on beams having. cxtreme
width characteristics, thon tests should bo mado coverdng the width tolcrances
ellovable, The break-off and turnwon regions are probably tho mest oritical
from a gearing podnt of view and at theso approxdzato ranges Table 1 shows '
the maximuii effootive gearing change possidle in going from throo Rypethetical !
tost-beams to any other installation and also to some actual installations,
Tho tost beanzs assumed have o glide-path to.localisor ¥ronmitter distanco of
9,900 ft, as at A & 4.B.E. Threo angular widths, covering the allomable range,
have been given as the widths wil) vary from time to time vhen the beah is
reraligned. ¢

o v i

b e -

) ’ ) Jrabie 3(s)...

{ *Difforence in dupth of modulation of two tenes. Seo Ref 1.

§ j . The angle or distance on cithor sido of tho cqusl sigual plane at which
a signal of 150 micro cmps is rocorded i3 tommed the "bean width', It miid

' be appreciated that the “bean! referred to is hypothioticad and is in faot

‘ made up of two overlapping radio beeus in order to obtain the roquired -

l , characteristics, ‘
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Table 3(s) gives the charscteristics of R.A.F.-1.L.8. installations as
weasured in 1959 and Table 3(B) gives the characteristics of some other
agtodromes, It will bo scen from these Tables and Reble 1 that practical
inst‘.'nations are 2ikedy to cover the “thole ronge of zllowedle mdths and in
some cages ‘actuany go outside tho Mwmits. In toscing auto-I.L.S. perforasnce
it wi¥) thus-be noccssary to fly the system cither on heams having extrone
charagteristios, if these are kuoun, or else on-a test beaw havang kwtm
characteristics with the u.uto-ps.let to bom siganl gearing values sealed up
and dowm 'to Simuiate tho oxtremss siich can be oncountered. The gearing changes
neccssapy can e calculated fron Fig. 2(B). is beams having the reguired
#idths are not alwy s availavle anéi on soge alreraft it may not be practacadle
to vory the auto-pilot gearings, it is conveniont to have a calibrated tost
beam which can be adjusted to give the required cxtresc characteristics.

In-gencral 4t will o necessary to meke flight fosts on "offsci” as well
as "in-}ine" localiser installations; an partienler it xs thought tmt some
of the present offsct sngles in use ,ay introduce course correction dififaculties
in the break-off region, capcclally on the highor speed aircraff.

The beam contre Fine nay be-somewhal erratic on some installations, due
possibly to reficctions from virious ground cbjocts, ang on grstens vwhich are
rate stabilised from the T.b.S. beom signal thls effoct may be serious. On
this type of "sysbom the effcot of beads known to be adverse in this respoct
must be assesseds.

2.4.2 Beam safcty cub-out reguirements. she following are e
requirements for alamis to operate and the beas o go off the alx:

51) Saift of the course Yine by more than 1/3°.
N 2§ Reduction of power output by wore than 507,
(3) Change in beam width of more than 20%,

Bean vardations way be due to var*a*.ion.. in the ground equipment
performance or possibly faudt conditions. %he actual mounts.of shift Likely
to be oxperienced in genersl operation are nobt Xnd'm, but it is conceivable
that the bean way bo operatung anywhere within the cutmout limits. Variation
in coursc 2ine will have obvious offeets on the aireraft approscn path, change
of power oulput should not apprecisbly affect tho approach performance, but thc
beanm range 5l be roduce&, and change in boan ridth W13 have a diréct offeot
on the airereft %o bean gearing.

In ordor to cater for possible variations in Scrvieo vse,dt is
considered that.when teating,sorje additional bank-to-localiser gearing change
should be made $o a¥low for this factor.

In. 235053408 Auieky hoight the possibility of & course line shift should
also be considared,

2.2 6lido Path

2.2,1 Sctting-up roquirements. 3ho following sre the main bean
requiresents affecting porformance tosting as given in ,P,2088.H,

< (i) The glide-path angle -should bo 3 dogrees, The Xmits
are 2,9 to 3.9,

{31) Tho prefurred engular widths for 17.5% D.D.M, (350 pa) are:-

(a) above boan centra ine, W45 x bean angle., Ibe
1inits e JH %o .19 x bous angde,

and (b) below bean centrs line, .25 X beam mngle. The
Hudto are A1 t0 .33 % bean anglo,

/ic. ..
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The effect of variation iz basic boam angle in the renge 2.9 to 3,4°
should not appreciably affect the perforsance. Jlthough not sentIoned an
JP.2888.H, the 1.C...0. Specification permits o bean anglo of up.to 4° if the
local terrain. gives infufficient clearance with a 3°-beam. In considering
ajroraft-vhich may operate from ¢ivil bases it &s possible thorefore that 3
}° bean paybe encountored ahd on auto-pilot systems having varisble gearing,
on‘a fixed-time base, for she 13do phase, this dafference in angle s sigmfi-
dart-as the glide:tine wild 'be reduced considerably. Engine response a}.so -5aay
be more criticsl and in the case of systc.:s having an auto=throttle facility
it may be necessavy to cheek £f the throdtle servo has adequate authority, It
is thought hovever that Taere are no 4° boans at ‘present in oxistence.

Variation of bem angular depth w13 affect e offective alrerart to
bean goaring as for the locsliger and Table 2.shows the gearing veriations
possible for given test bean characteristics. It mll be scen that the possibloe
Bearing variations are very large and that, as for ihe localiser installations,
the measured values &t actual R...P. installations sppear to supgest that the
whole range of ellowable widths may well be cncountered an proctice. It would
thus appear ¢ssential to 1y on beans havang knovn oxtrease characteristacs or
clse fo make the eppropriate gearing modifications on 2 test beanm of knowm
charactoristies,

2.2,2 Bean safioty cut~out requirements. The folloving are the
requirczents for hlorss to operatc and tho beam to go off the air:

2), Roduction of péwcr output by more than 50%.
3} Change in bean width of more than 10K,

The offect of & glide~path angle variation should be considored in
relation. to fime-variable giide poth goaring systoss, also engine response and
tho authority of suto-fiwro.tle systoms.

%1§ Shifrt of the cowrse line by more than .1 x beom angle.

As in the case of the localiser it is considered that a further gearing
«changé should be ynde in order to allow for possible variations in the boan
width within_the cut-out limits.

2.3 Other I.h.S. featurcs affccting performance tosting

2.3.4 %08, rescivor calibratfon, Duo to variation in standards
of modulation dopth 3T 18 Gilficult to oaiibrate ¥o weceiver cquipment
accurately and this fact togothit wmith sotiing up-crrors results in differcnt
afroralt, on a glven beam, 5iving considerably different signal outputs ab a
glven bean position. %able X gives figurcs obiained from tests at BJAEN. on
Service cquipment and the order of the crrors can be seon from colusns 4, 5 and
6. New oquipnent is boing doveloped to improve the standard of messuremont,
but it is suggested that allowance should o zndoe for a possible further +3%
localiscr gearing voriation,when testing,in order to cover this aspoet un®il
the new equipment 4s avéilable, .. posaible locadiser contre Mine crror of
40,2 dogracs should also be taken intd account wion assossing the S..nb. holght.
The offect on the glide path sighal is not thought to bo very largc.

2.3;2 .orial position on sircraf « On large aix‘cmrt vhero the
aerial is a long way from tho aircraft centro line the aircraft will have o

standing orror off the boam centre line. This orror should not excecd the
distance from the acrisl to the aircraft contre 1ino and it is thoaght that
in some cased it will bo loss, as it appenrs that tho offoctive bean reociving
position is sometimos Inboard of tho actual acriad msition. This Cactor
should be taken into account when asgcssing the Sdadie helght but It 2ill of
course-be inciuded £f the offsct distance from the runvay centre line is
measured by photegraphing the spproaches.
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3. Recomnended test yrocedure

Back systen rust be treated on dts oim partioulas merits and sppropriate
features exanined in dotell, but it is thought that the following programe
win cover most of the important aspects vhich shoudd be examined at some
stege.

341 Instrunentation

& trace recorder should be fitted in the sircraft and a pilot operated
eveat aarker inciuded. .\ paper speed of about 5 pm/sco. is suifabie, The
following minimun nwder of quantitics showld be recorded and the approxdgate
sensitiviizes roquired are given in vrackots.

sirspecd (% 1 kt), height {+ 5 £1.),. normal acecleration (+.05g),
I.D.5. sigoals gg 2 pag, throttle posifion (+ 1%), anglo of bank (3 1),
angle of piteh (% §°), ailoron angle {£,2°) and clevator angle (+.7°),

The bapk and piteh angulor sensitivitics quoted are only roquired for
assessing shory perled oscilistions snd it is not necossary Lor the long
tern datums to be hodd acourately.

- ground camera systeir should be available for caiibrating the test
efreraft and beon oorbdination as indicated in para. 3.3.18.

IF pussible & radio ok focality should be incorporated to record tho
Marker signals and ovont mark the aireraft trace record in conjunction with
tho ground caiieras vhen in use.

3,2 Initial Yook

In an auto~I.D.S. approach & typfead procedure 4s for the pilot to engage
the autorpilot on the downwind Yog of a G.C.h. fype of cirewit., Max, 1ift
flap and underearriage down are alse solectod mamually on this ie¢g and at a
range of about 8 to 10 milos from the rumiay, with an offsct of some 4 miles,
the alreraft is turned onto the base or crossiind log using the auto-pilot
Surn controller. ¥hen about % or 2 niles from the extended rumioy centre Xine
the pilot, having set up iho runwiyy hoading corrcetoed for driftron the honding
-selector, manually selects 'track'. Fho auto<pilot in rosponse to heading and
localiser orror sigasls thon furns the sircraft onto thoe extonded runway contre
Mne. Tho pilot selocks mak. flap at souwo convenient stage of the final
approach and &t ebedt 5 wilos range from touchdown, when the T,1,S. glide-path
pointer approachios the oentre position, ho selects 'glide’.. Tho outo-pilot in
response to a 3 degrec nose down asignal and eny I.D.J. orror signal from tho
giido-path contro plane then flies the alreraft down the giide-psth. If no
auto~throttlo facility is incorporated then somo manmal throtile adjustnment
ney bo ncoessary to mafntain tho right order of spesd. ..t somo height,
usuelly botween 200 and 300 £t., tho auto=pilot is disengaged and manval
corroctions made to lino the eireraft up with the runway, and land,

In the Initial teats £lights should be made using the optisum procoduro as
recotmended by the Flrm on o normal G.C.2. Sype clircult at 1,500 ft., engaping
track at approximately 900 to.the beam, 1-2-miles offsct and about:8-10 miles
from.fouchdown. The Followlhg features should be noled,

3.201 In circuit, Base and speed of ungaging and disongaging tho
auto-pilot system, speed ane hoight holding, ability to hiodd trim changes due
to owering flaps and undercarriege, resicual oscillations, furn controller
rogponge and authority, alse any tendency for the auto-pilot do trip out if
appropricte.

S 3.2.2 Track pkasc,. Turn regponse,. speed and hoight. holding,
ability to stabilise on the boam bafors the gllde phase, oaso of breaking
off appréach ond returning to civoult, .

/3:2.3000
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3.2.3 Glide-Phase, Response to glide selection, ability-to
stabilise quickly -on the veam, speed and beam holding in track.and giide {in

particular the onset of any aireraft/bean oscillations,, the asimuth and height

of the alrcraft relative to the bban and the rummy ot break-off; the case of
disengaging: theiauto pilot and the out-of=trihr likely to Ve encountered if ihe
auto-pilot 45 cuf out or cuts out &t any dtage of ¥he approach, The minimus .,

‘height from whick o satdsfactory overshoot can be rade showld 21so be assessed.

5.2,1;.‘ Prediminary criteria for satisfactory verformance 3w
reasonably smooth’ air

(1) Circuits

i

Speed + 3 kts. Max, bank responsesabout 10%/sec.
Hesght % 50 Ct. Bank suthority £ 30,
(1% fradk .

Speed % 3 kts. Hax. bank res.onse about 10%/secl
Height + 50 ££. and % 00 £¢. in turn on. Iocaliser within
+ 4 dot.ot 4 milé before glide (no cross wind component)
and held aftermards down to at least 200 ft. A.G.L.

(X1I) Glide -

Speed # 3 kta. Ciide within & 2 dots after losing 500 fi.
height and held afterwards down to at leact 200 £t, A.G.L. No
oscillations of auplitude greater than # 2% in pitck angle.

3.3 Detalled assessment

If the perfomance is considered to be satisfactory using the recow.ended
procedure and the criteria given in 3.2.% then the effect of the following
paragoeters should be agsessed where appropriate.

3.3.4 Speed. The-approneh speed shouldd be varied by approximately
5 kts either side of the dptimun.

3.5.2 Heighy, centre of gravidy and corfipuration, These parareters
should be varied over the appropriaie ranges for the approach. This assessment
should inolude the effect of external stores, selecting flops and aive brakes,
if appropriate, at conditions either side of the optimun time and also the
1éffect of having no flaps {or other high-1irt devices) or air brakes
operational . *

3,3.3 Alroraft to beam displacezment gearing, Tolerances on bean
width, manufacture, power suppiies, otmospheric conditions and ‘the I,L.S.
receiver calibration Wil all affect tho value of this parmmeter. It.ds
considered that 'the overall gearing vilues on both localiser and glide path
should be varied in some way in order %o assess the effect of these tolerances.

The. amounts the overall gearings should bo varied.are deduced £n the following
estimates: L

* ox

(I) Localiser
(s) Beam width effect

Knowing the test beanm chaxacteristies 4t is assumed thad
the gearing variations will be most lmportant in the A.A.L.
hoight region (3.0, sround 4750 £%. range from the giide path
transmitter). The width Mmits at this range are 400 fo 650 £t.
and hénoe-if the test beam width is w £6. thé possible geardng
chiunges in going to these lmits arve:
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(1) & gearing lncrease of{ »Zs =1 ] 100 = W%
i 1

(2) A gearing decrease o!‘<1 - 3%) 100 = Wgh

ks P gy

There is also tho.possibality of a # 20% variation in
gedring dué-to beam fivctuations. (See para. 2/1.2.)

o

(b) *Specification tolerancés $nsauto-pilot system

This should inmclude the effect of manufacturing, power
supply and stmospheric variations, I¢ is assumed that values
arc availsble fron the manufacturers, say for 9574 of auto-
pilots the combined effect on the bank angle to localiser
shgnal gearing is within & Sg%. %he fost aircraft gearing
should be found from a grouad calibration and the error from
the nominal setiing is assuzed to bout F. v

() 1.5.8, Receiver calibration errors

The R.AE. Bedford tests indicato that 95% of veceivers
will probably have an error within x 3%4. She test aircraft
receiver should be calibrated accurately and it's erdr is
assumed $o be 1%,

(@) Combined erfect.of (a), (b} and (e}

In allowing for the combined effect of these tolerances
it i3 considered that the possivility of operating on any
‘bean should be included and that the full beom width tolerances
should be taken into sccount. However it is nssumed that the
probability of encountering o béam at onc of it's imits together
with the other tolorances at their limits is small, Ag a
practieal compromise it is considered that the following overall
changes should be mede to $he initfal test gearing.

(1) An increase of‘,[’.?l‘ +/202 & S}_z + 338 = (ty +.7) |%

{2) A decrease of LY{?_ +y/202 & 532 + 332 3 (%, +x) 1%
£y and r are takon as positive if the errors fend to

increase the ovorall gearing., I it is not practicable to

neasure these values then reasonadle geasing changes to make arve
considered ¢o be:

(1) an fuoreaso or[w, +4590 + 5,2 /337 + sA?-]
(2} & docrease of | Wp « JAk90 + 5% #3358 = SAZJ

It %3 however highly desirable to measurc tj and r, as ;
in order to obtain a reascnable dogree of confidenco in tho
tost results from ono or Wio aircralt, the gearing chango
required w11 othormise bo excossive dn one direction and may
produce unacceptablo results which are not representative.

The.overall goaring varfation can bo cbtained by assuming
& lincer auto-pilot gearing calibravion and making the appropriate
pereentags changes to tho initial test nomined value, If the "\
total gearing changes are not pasily cbvained by adjusting the !
auto=pilot, then part of the required gearing changes can be
achieved by opsrating the test beam at {t's limits, thus
reducing the required changos by Wy and "2 in the twe casss
xespectively,

/Tteu,
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It should be noted that in combining ihe tolerances in
the manners indleated it is intended that the oversll gearing

limits obtained should represent the valuos which are not Yikely

%o be excceded in the order of S5% of cases, when operating on
& veam.at $t's 95% limits. The method of combination is not
strictly velid, but with the-actual valuesof the tolerances
likely to be dnecountexed it is.considered that the order of
probability obtained is reasonable for:this fype of approach,
ﬂhcg-c although extrogely undesirable, the pflot can dnmest
cagses depide to go round again if tho conddtions at break-off
are too adverse to make a succeasful landing,

(1Y) 6iide Path

(a) Beam width effect

In this case the boas width at all ranges from the glide

path transuitter is proportionel to the beam angle and the width

1indts are .440 to .199 avove the bean centre line and 116 to
.330 below the beam centre line, where 0 is the angle of the

bean centre ldne., If the test bean width iss4q cbove the centre

iine and™, below then the possible gearing changes in going to
the Limits ave:

1 3 3 4]
(1) A gearing increase o:‘(.“g - 1)100 = Tt above the §

°“d(°-f%e- 1) 106 = Wpy% bolow the G,

R

and (2) A goaring decroase of <1 -5 /100 = Wpgh above the §,

' and( - %—%)100 = Th below the §,

Thero is.also the possidility of & _4;20% variation in gearing
due to beam fluctuations.

(v) Specification tolovances
These should be cbiained ag for the loceliser case but

appropridte to the pitch gearing, Say 95% of auto-pilots are
within & Sg4 and that the tost.alroraft has on exror of tgh,

(¢} X.L.S, Recoiver

This effect is assumed to bo negligivle.

In order to filight-test tho.cffect of tne variations in
gearing, the bost mothod, bocause of the unsymmetrical width
1imits, i3 to usc a variable beemwhich candbe put to its
appropriate linits for the above and bolow contre line cases.
In additlon allowange for the effect of fluctustions and

s‘peéix‘ication tolerancos _should be made by Incrcssing tho auto=

pilot peardng by [ 400 & Sg¢ - tg}% and roducing it by
VE00 + 52 + tg 1% of the nomina} setting in a similar way
to tho docaliser tosts,

If 4t 3a not practicablo fo vary tho tost bean in this way
then flight tcats showld vo mdo with autospilot gearing valuos

(1) Tncroased by [Wy + /&DO % Sg¢ ~ g%

and (2) Reduoed by [y +VE00 + Sg2.+ 15 ]% of the nomh;al
gearing,

/7y showlde.s.
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H; should bo taken as the greatér-of the Wy and Way values
and Wy the greater or the ?*Ag and Wpo:values. ‘this #i1l give a
, pedsinistic view, as the actual bean linits are unsymmetrica).,
e and wherever possible a test beam-havipg thés-desired extreme
characteristics should be-used,

If tg.is not Jmown it should be taken as # S in the most
adverse sense. Jhonover possib¥e ihé adtusl:value of “E should

e hesassesse&. ~ N

3.3 Circuit pattern. The circuit height showld be ‘varied botween
1,000 and 2,000 £t. with appropriste variation in the upwind .distanco at vhich
the track ‘tirn-on phase 13 xede. The winimun value of tais distance should bo
ascertained mald.ng the track selectionat séveral anglos to the bean centre
li.ne between O and 175°, 3oth 1eft and right hand circuits should bo tried.
The ability of the-auto-pilot aystem to change &ircuit height from straight and
leve’l«might and after & turn showld also be chocked,

3.3:5 Disturbances .to.the ¥,5L.S, sianals. The response tp some
disturbancos w1l usually be noted in the gencral flying as other aireraft fly
across the beam. If this is not considered sufficiont.a point should be made
of checking the effect of other afrcraft, PO

3.3.6 Yind. The effect on the fum=on perfornance of the -highest
" possible cross wind epeeds up t0 35 Xts should be-asscssed and also the effect
of similar atrength tail and head winds, on the glide porformance.

3,37 ;Irohﬁ -heading sclection. <ith hoading stabiliced systems the
effdet of ¥ 10% wrong heading selection ‘showld be tifed' in order to- chéck the
effeot of'rsutting up the wrong.ind correction. On & norusl system # 10°
should produoe the order of + 1 dot error in tracks,

«3.8 Brratic beam oentre line, Uith aystens which.ere rate
atabilised f‘mm the 1.L.3, signais-a point should bo wade of flying on
instaliations which® are known to be adverse in- this réspoct,

3.3.9 Glide solvotion. This should bo tricd, say. 2 to 3 dots clther
aido of the optimum.position,.in ordor Yo ohedk hov well the alrferaft dimps
onto the giids path rhon initially dlsplaced.

3.3+40 Throtfle-sdjustment. The sonsitivity of the-veam hold to
.reasonable. throttlc-adjustments should bo chocked 4f no auto-throttls is
Ancorporated,

3.3.44  Offuct Joocaliser, As so many offset. loceliser installations
are in general use it is considerod that the suitebilit» of tho aystom to cater
for typical bean in‘ceroept angles nust bo chooked by flying on: an appropriate
bean,

3.342 One enzine out. If appropriata the effoct of one ongine out
should be assessod. s

3.3413 Pgwer contry 1 + Tho.posaidblo effects of & power
control system fatlure should be considercd: whan appmprj.ate.

331k &L’_ﬂm. Tests should be wedo on & 48 glide path if
thia-is likely to be encountered.

3,345 %&% Jong. ‘These should be cheoked 88 in.other flight.
cases for appreciation plus rosction timda of up to 2 soca. In particular,
beight loss in rolling and pitching manosivres and ncarnoss to pro-stall
~fPeots should bo moasurod, It so.folt that -2 secs, is possibly too long
for alveraft having high response retes (sspeoially in a pitching senss); bute
i% 1s consldored that teste ahould be mde or-assessed for this-period of time
sbaut-all axes and- the risk dotermined on this basis until a better nthod oan
be Mind. .

o . ; /3306,
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' 3.3.16 Turbulence and bad visibility., If the general perforpanco
33 gatisfactory then-checks showdd be mde, on the optimum and any marginal
cases,, of the effect-of turbulence (up to No. 6 approx.; and every offort mado
to gain experience in bad visibility conditions.

3.3,47 Alrcrafbicharacteristics. In order to assess the "Alrcraft
Approach Limitation" height 1t is considered that at some stage of-the flaght
testing, tcsts should be made to detormine the maximum angle of bank and rate
of roll likely to be used i a sidestep manocuvre at about 209 £t, hedght. The
normal acceleration used in flaring should also.bo-determined.

3.4.18 Number of tests-undor each condition, It is extremely
aiffioult to be-precise in this respect and the number required 'Vall to a
large extent depond on how<the initial fiying progresses. In rough figures,
on:a new system it is-cohsidered that a minimum of about 50~approaches should
be made and of these about 15 should be in the finalised nomal approach
condition and about 20 wifh the most-adverse gearkAzs. I% is important in
those tests to cover as large & range.of weather conditions as possible, In
order to check if theroave any apprceiablo offect due to other variables at
lcast 3 approaches should be made in each of the appropriate conditions. If
a particular varisble appears to be significent then further tests will of
course be required if a realistic value for the nmagnitude of the effcct is to
be obtained.

One £3ight should be'made %o colibrate the aireraft/beam combination
at the time of testing., This flight should bo photographed from the ground ond
should consist of about 5 manmal I,L.3. approaches; tho first showld attonpt
to hold both beam centre plancs and the- cthors chould hod some 4 to 5 ddts
on cach side of the localiser and glido path centee planos in turn. In this
way 3f the I,L.S. signals are assumed to bo inecar, this calidvration can bo
used on other flights on tho same bean to give a Feasonablo idea of tho
alreraft displacements, both from the beam centre planos and the runwy, if
the range is obtained by reference to the Middle and Outor Markor signals
recorded op the trace in the aireraft. .

%, Estimation of "Alveraft Approach Limitation! A.A.L.)

k4 General

In order to catimato the minimum safc height to which tho sircraft can be
alluwed to descond undor non-visual conditions 4¢ is assumed that the following
criteria must be satisfiod:

(a) At this height the pilot nmust be able to appresiate his
position relative to the runvay.

(b) In the order of 99% of approachos the alrcraft must bo in
a positlon such that ¢S vertical and lateral displecoments
and track froz the ideal approach path can bo correoted-with
onough height left to flare onto the XULIAY o

(o) The alrcraft must be capablo of making an overshoot from
this holght if tho pllot considers this nocossary,

In order to satisfy (a) 4t is stipulated that at tho A.A.L. the visidility
must be such that & minimwm of two cross bars of the Calvert ground lighting

system can bo doon. In oatimating the A.A.L. a timo of 2 secs is allowed for
tho pilot to npprcolato his position,

%2 Veortical criteris

In order to satisfy (b) tho vertical and lateral casos aro considered
soparately. In tho verticed plane a ‘dsplacement or tracking error from tho

/613de. ..
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g}.i&e path centre plane will if uncorrected, or-not ,t‘uny corrected, afféct
the- actual touch down point and the allonable srror 711 depend on the length
of runvay available and the positicn of thé nominal touch dom point (f.e.
G.P. fx position). Reasonsble general criteria are considered to be that when
the A.A.L. Is-reached the aircraft should be not more than 4 % away from the
beam centre l%ne and should be on an instantencous fligh® path inclined.st not
zore than + to the beawn centre line,

e

The ofher consideration in the vertfcel plane is the vertical velocity. at
touch down. A reasonable value for this is considered to be 2 £t./sec. and on .
this basis Pig. 3 pives the heaght which aust be ailowed for flaring from a 3°
approach. The curves =re based on the assumption that the spéed and normel
accelér Jion are constant during the manoeuvre. The mean speed used durdng the
flare is assuxed to be less than the- approach speed and the methods.used for B
calculating both the flare speed and the height required for flaring arve given
in Appendix ¥. The value of normal acceleration uged during the flere will
depend on the aircraf‘* 4ype, however if no information is available a typical
vaive for aircraft otner than Naval types is about .03z, As tke instantaneous
flight path at the A AL, is assumed to-be acceptabls up to AT night be
thought necessaxry to check that the flare 1s possidble from this angle in the
avaxlable hedght, Xt will be i‘ound howevor that in genexal the time which must
be ailowed Tor latersl correction is nore than adequaete for the
adjustuent in glide path t6 b made at the same time as the 2ateral maaoeuvre
and this technique £3 assumed to-be used.

%.3 Lateral criteria

In the lateral plane any offset or trecking ervor say require correction
to enable the aircraft o touch down on the runwey and in Appencix IX a
cethod is glven for estimating the £ime vequired to correct the approach path,
aysuning that the initial conditfons are given together with values for the
naxiouw usable angle of bank and rate of xoll. The results are given in
Figs. 4 and 5 for zere and 5° tracking errors and the figures cen by used to
plot boundary curves of sidestep distance at a given height on the approach,
The method of use is probably hest illustrated by the following example:

‘%,_ Draw the latersl manccuvre boundery cuxrve for 250 £3, truo height, on &
3" approach path, for an adreraft having the {ollowing characteristics:

Approech speed 140 kts, maximus angle of bank 15 paxinmun rate of roll i
127/sec., mean normal acceieration in flare 1.03g and the tracking error will
not exceed 5 . Assume also that the pilot appreciation tims is 2 secs, that
the aircraft must fouch the runway within + 25 £€. of the ruxmay centre line
and that an allowance should be madé for & tafl wind of up to 10 kts,

As 2 tail wind of up to 10 kus may be present the times available for !
flare and sidestep will be estlmated using a trus speed of 150 kis, '

O this basiz from Rig. 3 the helght required for {lare is 77 £t.

APPRECIATION
FLARE SIDESTEP: n

/ AAL,

2SO FT.

G RTx o |77 R .

ACTUAL 77/ VT 2v:
TOUEH DOWN 250/
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The time available for the sidestep manceuvre 1s:

T= [%(:2‘%;_323_; =2 = 11 secs,
Fron Pig, & ' )
y6 = +165 £t fé'r zéro tracking error’(¥,,= 0)
Boundary points are + (165-+ 25) = + 190 £t,
) “From AFis. 5B
¥6 = 4275 £t, and =30 ££. for 5° tracking error (¥, = +5°)

Boundary poifts are +275 + 25 and =30 - 25
1,0, +300° 05 and =55 £t. for ¥o = +5°

Por ¥, = -5 there will be two other points which are
nunerically the same as for ¥ = +5° but +vith the
opposite sign i.e. =300 ft. and +55°ft,

The “1ateral boundery curve oan now be drawn'as shown below:

%
INITIAL TRACKING
. ANGLE CEGS
w6
. SIDESTERP
DISTANCE FT.

In the example a figure of + 25 £t, from the runway centre line is used
as the lateral touch domn criterfon. This figure is rather arbitrary and
will depend’ on the width of runway available as well as the wheel track of
the particulsr airoraft concerned, If 50 yard runways are to be used then
for largs aircraft this seoms to be & reasonable figure,’

Approach speed veriaticns and tail wind will affect the boundary curves
calculated in this woy and it is considercd that 10 kts should be added to
the nominal approach speed in order to allow for these sffects as indicated
in' the exanple,

In order to estimate the A.A.L., boundary curves should be drawn for
several heights in the expected A.A.L. height region. FPoints obtained from
the tost results should be plotted at each of these heights and the A.A.L.
height for “the partioular gystam deternined as the height at which the
boundary ourve contains 955 of the test points, providing the vertical and

- oversnoot oriteria are also satisfied at this height. The value of helght

is slso subject to the visibility r'quirement being satisfied an an actual
approach. In obtaining the appropriate test pointa to plot in this way the
following features should be noted:
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(a) Localiser gearins variations

3 . The results fron a1} tesis mmde with adverse gcaringslshou\ld e
included 3n the piots. If it is not px‘..ctzcab}.v to make the-full
gearing change mquire& to simumlate adverse goaricg tolerunces then
an estimité can oe wide, from the flight. tests, of the effect of the

v partiel gearing variation providang the gcaring change possible is:at
lcest.of the order of 5% of the total citange réquired. An allowance
for the, full goaring change should then.be wade by-plotiing the nominal
gearing-value test results scaled-up asswsing ihe gearing cffcet on

, offset distance and track o be mw,rsely proportional to the gearing

‘ values plus a constant i.c.

! loffset distance -(-— + k2. j

g If only & small variation of georing or mone ab 21} is possible

2 then as a very rough farst order approximtxon the offset distanbes

1 & and track angles obtained from the aominal fest results should be scaled-
; - up as the Inverse of total gearing reduction required f.c.

1 Off‘sct disfance

e s e e e

°= g

1g Tals latier procedure is very undosirable and should only be
1k wused as & last rosort.

{b) Offset acrial on aircralt

- If no information is-availablo on the possidic effeet of this
¢ feature then in ostimating aircraft -position from localiser signals
4n the alreraft, on a beam inetallation which has been calibrated but
not by the particuhr test alrveraft, the effict of the of fset from the
ajreraft centre line (1) £t should %o included in the estimates by
. assuming. tha¥ the signal appears to bo received at the actual asrial
¥ position.

(¢) Localiser recoiver calibrabion errow

A As for (b) when ostimating adreralt position on a Yean installation
N on which the tost.aircraft has not been calivrated, an allowance for

* E the offect of the localiser recoiver crxor (B degrees) showdd elsoe be
included.

An additional consideration 4s that the B.L.EJU. tosts indicate
4 that 4n %% of cases tho prodbable vrror on the effcctive centre line
: position il bo outsido & 0.2 degroos, In order to allow for the
‘ possibility of Raving rccei.ver orrors of this-ordor of magnitade in
Service use, it is considered that en alloimneg for an eryor of
0.2 - B) degroes shoudd be made on adl the tost results., The
anowamo for this offeot when conbined yith other similar offecots
$s 'given in para. (£).

(3} Wrong hoading seloction

f The tosts using a 10° wrong heading solcction should not be included

i ' ' in tho plots dircotly but tho effeot of 4.20 hoading orror should bo

: dediced fronm these rosulis. Beosuse of the difficulty of cstimating

¥ i wind acourately,. o factor which may not be brought out adequateldy by o
limited nusbor of tosts, it is considered thet an allowance should ba

made for tha offoct-of this 2° heading scleotion error on all tho test

rosults a3 indicated in parn, (f). Tho cffeet on tracking angle is

assumod to bo (¥) dogroes.
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(o) - Localiser contre line amr

The bnm centre li.ne position
may not lie slong the runway centre
1ine; : ue to initial setting up
errors.or _variations with time, due
possibly-fo variation-in.the -groumd
‘equipment’ perfamance or-a fault
condition. ‘The.centrs line:is
restricted by a nonitoring -system
o roughly + § degree, from .the \
nominel centre position, which is

. RUNWAY €
MEAN mgam <«

assuned to be at a mean value:of \ : f
& degrees from the runmay centre ) .7/
line. This position is determined Ky
by a-specially calibrated aireraft 9
making a-series of runs over a 047
‘regsonable period of time. As
airereft position in the auto-
‘I.L.S. trials will in general.be
éstimeted froms limited number
-of calibration runs made on one

. flight with tre particular sircraft B IS LS.
under test, this celibration mey :ifgfn SANGULAR

give a 'beam centre line, as showmn
in the sketch, at'an angle of

(€ + BE) degrees to the runway,
There is thus the possibility of
error in the estimates of offset
distance. and track based on this
latter calibration as- 8¢ and
consequently 8 may have varied during the overall: test period, Xn addition the
value ‘oft § will depend-on.the particular S.nstanation and some sccount should
be taken of this in assessing the 1likely of‘faets in Service use. Although no
evidence is available it is thought that the walue of (£ + 5E) is in genersl
unlikely to exceed the order of 4+ % degree, although a>larger error is possible
‘due to initial misaligament with either ground equipment yariations, or fault
conditions, These effects could also oonceivably be incroased by tolerances in
the out-out systems On this a.saumption it is.considered reasonsble to make
gllowance for'a contro 1ine. error-of up to (¥ =& - 85) degress:L.e,

E} Q &6~8 -¥ -ﬂ ):] degrees, when plotting all the tast results,

L 15 OFFSET OF
AcRIAL FROM &
OF AIRCRAFT

The allowance should be made as indicdted.in-(f).

(2) Overall a.llmnao for erfaot; of !c[, !d! and (e)

It 1s considered that s nasomble overall allowance for these effects
is.to add an offset distance and track angle, to all the test results to be
plotted, appropriate to a centre line error of:

[,/mz ..( p--l.l% +5>] degrees

This simplifies to:
[ /s a5 - ( 8 -%-1—:9 )] degrees

where ¥ is the tracking error in degress due to & 2° heading seleotor error.,
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4 . & i tho apparent beam contro 1ine, an degroes from the runmay Ry w’
¥ heading, at a range of y £t. frowm tae localaser Tx, This value '¢
is obtained from the test.aircraft calibraticn. ;

Y .45 the offsét of the Jocaliser acrial from.the aireraft centre
line in £t.

X winkan

Y

Care 'should.be taken when plotting thoe results to cnsure that a common
sign convention is wused’ throughout.

vt amon e

Offset Localiser
g) Diisev nocaiiser

In order ‘to cater for -the worst offset angle likely to be met in
practice, it is considercd that in addition to plotting the "In lane"
locadisor results, a separate plot should be made ¥dth these results
X modified to simulate resulls which would be obtalined onca 5 degree
H offset besn. This is assumed to be achieved by adding the offset
. distance and track angle appropeiate to the 5 degrec.offset centre
: line at the.range vequired. .tctuel. resulis from "Offsct™ installations
' can also ve plotted dircetly when corvected &s indicated in (a), (b),

: {c) and (£) for the "In-line” resalis.

pastao o

M s

. In order to include these test results it will be neceasary o
extrapolete the lateral boundary curves for fracking a gles of up to
some 7 to § degrees. %The extrapolation will in goneral be satisfactoxy
up to these angles, but.if this is not adequate to include all the

test points it may be .desirable to use the.method in Appendix II in

. . order t"o extend tho boundary durves for larger -valucs-of tracking angle.

e The 4.A.L. height should be computed from the most adverse of the
"In-Yine™ and the "Offset" plots,

\4 4.l Malfunotion criteria

} In general malfunction tests have been made at A & AJB.F. in ordersto

ascertain at what' height-a salfunction could be dangerous, and not to modify
possibly the value of ..l defermined by the vertical end lateral criteria.
On most- afreraft tosted overy offort has been made to keep tho helght loss as

1 4 ‘sall as pogsible by thte ‘incorporation of safety cut-out devices and usually,
o~ "% oven allowing a 100% margin, the value of height loss qbtained from tests '
B would not have dletated any inerease in..lb. I this hod been an additional
) criterion. 'hen the height loss has been critical this factor has been stated
: dn the terse of the Relesse, bub it is folt that the chance of a failure in the
' > £inal stage of tho approach Xs not high enough in general to Justify an
H . increase in A.d.b. value, which in ifself could increase ¥he accident risk by :
increasing the "dlversion" rate with moro chance of running cut of fusl. .
5. Conclusions .

The nethod of teating indicated in this report is intended to give an
Aehdie value which is adequate on performance ‘grounds for 95 off the adreraft
type,operating on any ground installation which is normally withih the sotting
up Mazits, The critorion used in dotermining the A.A.L. value i3, that any i
of the 95% aircraft. should have not less than tho order of a 9%% chance of
neking & succossful approach on any one of those Anstallations.

A
i
This critorion may be thought to be too adverse as.thu overall chance of ¢
having 3 1 in 20 aircraft operating on o bean at 4t's Uimits is by itsolf :
szall, Howover as there will &n goneral be a small number of the aircraft £
type invelved and these aireraft may oporate on an adverse installation over if
a considorable poricd of time it 45 difficult to make an ovorall statistical
sssessment and tho critorion used &s considered reasonable.
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In the past A.A.L. heights heve been assessed- without- taking-as much
account of the effect of system tolerances and consequently it is possible
that some of the previous A.A.L. heights-quoted would appear to-be on the
low'side if the suggested.method had becn used. In marginal weather
conditions a low.value,of A.a.L. is 1ikely te reduce the frequency of
diversion but w31l probably 3ncrease the froquency of overshooting due to
adverse-performance. On-slant v;.sib:..xty grounds the relationship between
overshootxng and the value of A.A4.L. is not cbvious because of the aifficulty
of relating slant vxs;bﬂ.:.ty to the cloud.vasc. 4s-there is little operational
data available it is imposszblc to asscss vhother or not the present Lok,
values an usc.do 4n fact give tho right order of compromisc betwedn-diversion
and overshooting,

It is considered that the test fechnique given in-this report will give
an A.A.D. valuo which is satisfactory on performance grounds and only a
systesatic assossment of actual oporational experzcnce .will show whether or
not-the velue shobld be modificd to.give a better compromise.
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A.}).%R.A.F.iﬁ..i 1 Copy
AD(RAP, B '
A.D.(R.AF.)C. 4 "
A.D.R.N, 1" .
AJDH, [
ADL (AN "
A.D.Lu{A)2 40"
AJD.Nav.2 1 "
ADPAn, 1"
AD.AR, 10"
ADWACDA i"
AD.ALT.2 i "
R.D. 7.2 40"
R.D.T.3 4"
ToXoLn 100 Coples
RJAF. Parnborough 5 n
R.A.E, Bedford ~ 2
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Table 1

Gearing varfations possidle due to tolerances

allc7ed in dser bears

Pest Seun Characteristics

Glide patn transsatter t¢ localiser transaitver dastance 9900 ft.

Beas angular widta eitiher side of § dogs, 2.0 . 12.25 12,5
% Increase frox preferved Wxdth at
1750 £, range 2 15 28

AActual width at 4750 £t, rance e, 1510 575 1610

‘Actual width at 8 n.m. ranee £e, 2040 12300 | 2550
Limits of effective % (earing As £28 | alh | 480
chenge yossidble in going vo ahy L7750 £, § =22 § ~i2 =2
other beam, assuming that the N
beam-wadths are wathin tne At +6 +19 433
specified:bounderies, 8 n.om. =31 -22 1.=13

S
'] Actusd vaximuwr % gexring change At +22 | 338 | 454
possible usang stations having L750 £, 2% 3«13 ~3
»idth characteristics as glven -
in-Tabie 3. At 5 48 +31
s ) 8§ non, 32 ~2h ~15

Notes Gearing is defined 2c the sigoel to iae aleeralt control
system per unit larear displacement from the oeus centre
line.

+ sign indicates a tighter gesring Jdue io a sarrower beam.

~ sign indicates a slacker gerrang due to a wider veam.
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Table 2

Gearing var§ations possible due to-tolerances
alloved an settiag up the Glide D.ta beam

e ———————
5

"Beam' @, angls degs 2.9 3.0 3.4
A Kin,10pt,| Max 4 ¥xn,] Opt.|¥ax.] an.] opt.[Nax,

— v . — gy

| Hidth sbove £ degs. § .32 |.435) .553 .33 ] s |57 ]. | 1€5] .59
Width below § degs. | .32 |. 7251964 .33 1.75 |99 1.3 |.77514.02

! - -
JLimits of. effective.® |Above] o {436 {+72%+3 |« {478 143 a5 |42
gearing change-possiblef & | 36 {~26 i=7 J-i4 l-2n{-3 l-p2 |-23-1 O
%n going to any other - -
ean, assuming .that th ) ~ ;

e widths cre-mithin 136207 U |+126420d 43 Lrzlezoglus [ena ‘?9

‘the specified boundaries, b | =69 [~29 |-6 §-63 |-27 {-3 ]-67 |-

et RS S ottt

{Actual maximum % dbove |- O |44 14450 O [+13 [+508 0 [+22 |+55
jgearing change possible| G ] -17 [=28[-9 |45 }=25}~5 E-43 |23 }-2
hsing-stations having ~ - — —
fidth characteristics [Below| O [+45 |+92§ O }450 {498 +55 | +104
PSigi!en‘in Table 3. 6§ {-6ui-19] 0 [-53[=5] 0 4310

]
=52

Notes ‘Geariny is.defined as the signal to the alrcraft control

system.per unit linear dispiacement from the beam centre
ine.

+ oign indicates a tighter gearing due to a narrower bean.

- sign indicates a slacker gearing due to a wider beam,
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H Taple 3(4)
| s I.L.S. Beam Charscterjstics for R.A.F. Stations (1959)
4 - =
: S S Tocaliser to Tocaliser feam from Preferred
‘ ®oy . Localiser %0 | “nc o pomy | A0€1€ OF | " Width degs, " Gontr
‘ Station Glide Path Eod of Offset [ 5% 51 2,50 £t. i
: Distarice £4e e | s looe | swma |asho75000t 3t 8 nm, gle
; Runway fte at ), 750°ft.
) (Limits +#30_ | (Laaits +23
o ; i -20) -21)
> £bingdon 5239 6239 3.7 2.83 2,8 -2 +1 3.
' ‘- Acklington 5292 6557 3.6
N Aldergrove - - -
-Bal1jkelly 4313 5328 k16 .
Bassingbourn 696k 796% - a2k 2,32 -3 =5 3.
Benson 6756 7756 -
Binbrok 4510 5371 3.6 |28 2.8 ~10 +3 3.
. Bruggen 6500 7540 3.06
: Coltishall 5760 6330 3.37 .
H Coningsby 9520 10520 - 2.18 2.2 #0 =8 3,
‘ Cottesmore 9500 10500 - 2.2 2.21 49 -7 2
Dishforth 1262 5262 b2 | 2.62 2.75 -5 ¥5 2,
Finningley 7850 8560 2,66 | 2.38 2.4 5 -2 2.
Gaydon o1 10010 11110 - 2.36 2,23 +19 -2 3.
Gaydon No,2 9980 10980 2,18
Guilenkirchen 6234 7150 3,18
. Honington 10400 11200 .- 2.5 2,23 +25 + 2.
i : Kinloss 4607 5607 3.97
i : Larbruch 8200 9208 3.k
B Leconfield 5270 6270 1.0
i Leeming - - -
N Leuchars 6840 7810 247 |25 2.33 -3 -3 2.
) P . “Lyneham 1576 5589 5.0
B Manston 9738 10988 -
i '{ Marhem 10169 11215 - 2.07 2,07 +8 11 2,
| ) Hidaleton 5721 6721 3.2
i v St. ‘George
; Scampton 6850 7850 2,96 | a7 2.7 49 +9 2,
| , Shawbury 1937 5556 3.78
Strubby 6310 7380 -
St. Mawgan 9800 10800 - 2,58 2,58 +31 +10 3.
X | Thorney. Island 6200 7260 3,18
! Upwood 3988 2988 N
Y Valley 1680 5693 3.93
I Waddington 7385 81k 27 242 2,59 +5 +2 2
<, ‘Wattisham 1600 5612 3,98 )
H Watton 3499 3499 8 3.0 2.8 -18 +9
; West Malling 5800 6810 3.37
' West,Raynhem - - -
¢ Wildencath 6800 7798 2,65
¥ Wittering 10400 11500 - 2.37 2.3 +2% -1 2.
’ Wyton 5900 7022 3,32 |2.56 2,32 -1 -5 2.
» ; N
P Notes: + sign indicates wider beam .
i1 - sign indicates naxrower beam
' [
5
g
i
%3
i
"
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Table 3(A) -
159) L.L.S._Beam Charscteristics for R.A.F. Stations (1959)
de” to - ,”. "I Localiser Beam. % from Preferred = : G1lide Path Beam % from Preferred
st [meee] Madtal]  TERaE | g | e EH
de 6o dess g § 50 TE, | 2,80 Th | 09270 degs, R % 250
- Pt, 583 lport. | Stba lat 4,750°ft. at 8 n.m, * | shove-f; | Below g | _ fbove § Below &
. : (Limits +30 | (Linmits 423 C o (Limts +27 | (Linits +32
. . -20) 21 -2 ~56)
3.0%9 5.7 |28 2.8 - -2 +1 3.07 .38 .61 -7 -2t
b7 3,6 . ! .
bs 116 3 . . L
3.08, - lan 2.32 -3 -5 3.0 .39 6L -13 -15
5 -
3.0 3.6 2.8 2.8 ~10 48 3.0 R KA -9 -5
Lo 3.06
o 3.37 :
3.0k = {218 2.2 +0- ] 3.0 45 .83 0 1
2.9%0 - laz 2.21 A9 =7 2,98 .52 .62 16 “7
2.9%2 L2 282 | 275 -i5 ¥ 2,98 .53 .56 - #9 25
2.9%0 2,66 |2.38 2.4 +5 -2 2.96 42 9 =5 +7
3.010 - 2.3 2,23 +19 -2 3.0 42 .69 =7 -8
9] 2,18 |
0 318 . o
' 2.9%0 -~ a3 2,23 25 + 2.98 .50 +56 +12 ~25
7 3.97
8 3.k
0 1.0 )
2.9 2a7 {25 | 23| =3 - 2.9 2|6 0 -12
g 1.0
! - :
2.9]s - 2,07 2,07 +8 -11 2.9 .52 .89 +20 +23
g 342 )
" 2.9% 2,96 2.7 2.7 +9 49 2,94 oAk .65 0 ~12
6 3.78
1y -
© 3080 - 2.58 2.58 +31 +0 ' 3,08 49 .68 +6 ~12
0 3,18 '
3 Lok
3 3,93 ‘
12,99 2,71 a2 2,59 5 i2 2.92 &7 .60 + -8
2" 3,98 E
9 %8 13,0 2.8 -18 +9
o 3.37
9 2,65 ’
R o - 2.37. 23 2 “ 3.0 .60 o7 +33 -
2,992 3,32 |2.56 2,32 -11 -5 2,99 .38 .63 -15 =16

Notes: + sign indicates wider beam,

= sign indicates narrower beam
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L.L.S. Bean Characteristics for Miscellaneous Aerodrames,(1960)
i Localiser to ‘Imsner«to Angle of Loﬁ:}segj:.am . % fra‘;\iﬂPrethferred Glide P
-herodreme {. . Operator Glide Path “Eed of Offset Lt degs 0 73 500 £% Centre .
’ istanct B - . ) . P
) - ] 7 Distance £t. Ruinway £, degse | pont Stbd {ab ;750 £t.|  at 8 num. Angle ©
" - B B ‘(Limits +30 | (Tinits 423
© o =20) 21y
Boscoubie Dowa| 0. A 9900 112,00 - 2.0 2.25 48 -10 3,19
-] Bedford KO, 4 10200 - 1.9 1.9 0 ~19 -
Granficld | College-of £200 . [ NN R -8 L 2.8
i " Acroneutics . ’
$¥arton English.Blectric|. 6600 . 2 3.1 3.1 +22 24 -
‘! - - -
{ . .
i
¢ . > "
i
Co
|
i :
'
{
t R v
'
f .
1
§ . .
! . o .
IS
}
i
|
i
s .
! ;
] |
‘ ;
1
il i
i i
)
- |
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© Zsble 3(B) .
N 1 -
X LS. Bean Chargoteristics for Miscellaneous-Asiodraes (1960)
L L ] . :
N iser 0. “Tocaliser-Beam + % fram Preforred . Giide Path Bean % from Preferred
1e Pathly no | 208l OF | “yiat eps, . Width Glide'Path | wiaw gegs,. Width
re lang o |° O0fSSl == T EG g, 210078, 7| Jentre Line [ g T250
+-8 degpy rt, dogse” | port Sted fat 5750 ££.]  at 8 num. Angle © dgs. | ppove g Below.§| sbove § Below §
B - = (Linits 430 [ (Gimits 423 ; H (Limits +27 | (Limits +32,
-20){ . -21) |- ~27) ~5
ol 400 - ‘2.0 2.25. +8 ~10 3.1 W10 .70 bl =10
- ~ 1:9 1.9 [¢] =19 - - - - -
%8 - 5 2.4 -8 ~l 2.8 W45 .50 +7 ~29
- 2 3.4 3.4 *22 %25 - - - - .
.
’
€ ’ 7
! ' ’ : 4
. v, ‘
I
4 1
- A
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Results of Controlled Check of I.L.S. Localiser Receivers

Tadble b

-

. b s

O S

= S— s om0 1

e

Input Signal = im Volt a%
108.3 mc/s modulated 20%.by
150 ¢/s pnd 20% by 90 o/s .
Localiser Meter Current !
=7 1 {Hampz) -
inEAlo;. Station Date Set Up Tone*ragio 0dvs ‘”‘2?)5 "25 : Remarks
796 Bedford 8.1,59 0 %0 80
966 v 74455 -5 90 | %6
H65 u 5.41.58 +5 83 72
ANBY Bagsingbourn { 7.4.59 35 400 95 1 Set up at ‘fyton
8%0 Fyton TkH9 +3 100 93
AESE " 10,459 +3 105 95
AG10 Cottosuore 20450 L+] = 85 85
A0 LB " -2 85 87
892 Honnington 174,59 2 125 | 120 ;Chcckcd on
AN2S " ® #10 105 85 * )20..59
631 Duxford ? +3 105 95 } Netr Rxs Makers
D39 n ? -5 408 115 ) Seal Unbreken
A Faterbeach ? -5 95 1054 2% "
{48 " ? +13% 303 75
Eg1 Gaydon 11,59 -2 82
1022 " 4PProx: [} 68 671 Set up at
2043459 Cottestore
ALSY Seampton 17.3.59 -8 305 | 118 3Checked on
ALS5 " w -20 105 1450 3 474,59
m7 Wittering 2 3.59 +1 8, 80 } Checked on
¥85 " " +4 85 7€ ) 205,59
1263 Tangmere 174059 +# 5 72
22(R 19644) " 204559 -2 92
968 v " 164459 o 78 78 .
b3l Finningley 20.4.55 ~4 9 8- gCheckcd on ’
AL57 " " -2 100 100 )20.4.59 )
AF22 Faddington " -7 126 | 142
priy " " 6 140 8 !
5 Binbrook 25.1.59 =3 84 85 !
2460 " " 42 88 80
822 atton ? +5 109 93 *
P, Odihom 27,2.59 -12 rol 88
N9 " 542,59 -8 57 i
APS Stradishall 7 + 110 58 gMakers unbroken |
AP} " ? +1 99 9% | )seal ‘

* (N.B, /¢Azps'in this column zre approx, equal to minutes of arc oourse error)
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-Appendix I -
* Mathod for Estimating Height Required for Flare -
. ' i
As 106 Y f
sumptions H
Given that. the airoraft is initially on a 3° approach path and is required
to touch dom at 2 fi./sec. vertical velocity it is assumed that -the normal
acceleration during the manceuvre is a known constent value. The speed during i
the e is also d to bs tant but less than the app: oach aspeed
and’ the value used is obtained by taking a flight path deceleration of O.1g at
n-= 1,0, This dsceleration is assumed to be proportional to n over the range of
values considersd, ’
On these ‘assumptions VA = VID + O.i-ngt where t is time for flare.
$ = RO -8 _ VR(6 -6
V¢ (a-1)g
Va 0.4 n VP (6 ~ 6o)
pL d 0
hence V'Z'D =1 +——(;_-—1-§—VTT— andfor?=3
Vo 2462 x 1050 ( ‘ze.z)
this gives Tl 1 FERETTY 1 - ¥ where Vyp ‘
© 2,62 x 10-3n .2 exprossed in
-G (1 'ém ) £8./sec.
This expression is plotted in Pig, 1, Appendix I for values of.n-and the
approach speed V.
The mean flare speed Vp is assumed to be given by
VA + Vop
Vg ==
and this can be obtained fyom Mig,.1. PY
Now h = R sin 0 tan 8/2 « R sin 6, tan 80/2
Por small angles b = 5 (62 ~ 62) e .
[ R :,
where R = sz and 8y = 2. ) R
cAa CEE T ° " Vmp ’
Hence for 6 = 3° ; :
s w
h = L . A
a” . i
0"'* - )
5 ® § i
tt, —— P
whers Vp and -t ¥ v :
Vop are expressed
in ft,/sec. g
. i
This expression is plotted in Fig. 3 for values of n and approach speed Vi, H
L]
: ;
’ i
5
. ‘,li‘,é.i .
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Pl ASSUMPTIONS:
] FLARE FROM 3° APPROACH TO 2FT/SEC' VERTICAL VEALOCITY
yl AT TOUCH DOWN, THE FLIGHT PATH 1S ASSUMED TO 8BS A
- A CIRCULAR' ARC WITH CONSTANT MEAN SPEED YA  YID AND
CONSTANT NORMAL ACCELERATION, E
2 THE MEAN SPEED IS OBTAINED BY ASSUMING THE ‘FLIGHT PATH
X DECELERATION AS.O 1§ AT 110 AND PROPORTIONAL TO T
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Y
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Appendix II .
Method: for Estimaying Stdestep Distance “’,
Assumptions '
* Given, the time to cowpleto the sancewvre (T}, the maximun angle of bank {
(gy), the.maximum ravo of ‘bank application (pi), it s assumed that bank sngle
applications sre sinusoidal with time up to the maximyum velues, (Assumed equal
in port and stg.rboai:& directs.gns.) In all cases the maximum allowable rate of

bank spplication.is attained and if the time available is large the paximu b
angles are attained and. paintained constant for some period depending -on the tota)

tine available.

case (1), No‘Tracking Angle st Start of ‘Menoeuvre (¥, = 0).

A v
¢ V= veLotny, %_,__‘ .
- o - Gt .
aRE Y —TRACK ANGLE: L ek ‘
DISTANGE 4. 2veTo PORT, / i
&
9 ¢ ¢
- // " . E
¢ . TIME
ord, g, Fig2.
ANGLE OF / ' +o |
eane | / R T
Sk ¥z A7 5 e
I\ e b 2 Tt .
@ +VE FOR BORT BANK :
3 ;¢"" » '¢|
4 5 )
i
L FiG3: ,
$
¢ Assuming a correotly banked turn
thens 4
Wyt gt L2 il g ¢ 2 '
§ " ol gy Moty
w Tracking angle furned through in time

5t = &y
Sy =wbtay bt epgdlt
1 ]

PO Y

In latt Y= 52 o § e VE
i ¢ small

Hence ¥ # &
(for ¢ & ¢ smald angles)
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i time-0"to
1‘ Fo= gd = g0 (1-cos ar‘t)
2 y .
. .
: y=5gg_i(e-_1_ sinat)+c1
2 3
: | y=gh (52 2 cosat)s Gt vl
i z 7 \2 “a?
i . £t =0 _ t=0 v i
i i 5'=°g°“° y=°g°2‘ 2a2
L
; ¥ = et w1\ e
{l 2 \2 a2 208
§
) v = g8t %12-ht12)
& =
: : gy = k9 gh HE cmmmmmmm -ema=(2) .
From time 1 t9°2 $ = ¢y 4s const = [ only applicable for cases
R ' where ¢y is attained in tize available L.te %2 >0 M
i :
Fo= M :
, g = gty
i
~ y = g9 824G+ G '
2
! Y0 t=0
‘ ey =ghit) 6 =gty yey ) 270 '
. 3 5
3 . .
Y=gt 2 eh Y . s
» 2 '
. . ‘2 R
. yi=eh 2, 88 Y 2 Ly, .
: 2 -z
: | N
ot ‘yzx%;(tahh *2)‘-“95% R ) ]
. . }
§ : Prom time 2 to 3 It is assumed that the bank application over this
' i period is given by
%
. . 4”“0”.2-1:? ¢ whare-aal
: i .
{ ] . .
& L Hence J:=-gft cos & ¥
. 2 -
, g =28 sinat+ 0 il O T . }
! st ‘
t ym-bep coss L+ Cit+Cp ; ‘i
L aé 2 l .
e ’

gt s

-2 Appendix IT cont'd
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I Pig. 2 4t is assumed that the bank application.fiom O to-1 is given by:

x

YR R (:,‘ cmmmmme e -1

where-$i -may, équak: ¢ or may be less end-whgre-§= =&

R

Hence from
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) . - 5= Appendix I cont'd
' t=0 . 1"
y=y2=3¢1(t2+11) C1=g¢1(t2+'i"
2
£=0 ) Cp = hedt + .
Y=Y ) - 2
- a

¥3 = 8 (tz+t_'“ * k_&%,t12+ &t <t22+ t t2)+ 9 gty
2 B =z

¥3 = g}y (1.053 £2 4 .5 4% 4 1.5 ty \ez)c
1.0, mhen £ > 0" Fj~= ¢

¥3.= 8y (i.oss 62+ 562415 % tz) ------------ (s
when t, = 0 dy =
y;:m(x;osst,z) L T LR R S ()

The manceuvre is assumed to be symmetrical with the same maximum angle
of bank used in port and staxrboard directions: hence:

Y6 = &3

Now assuning that the meximum rate of roll (%%) = py ‘is always attained,

* this value will be reechedin time t = $15
From (1) .« py=¢ nsin Lﬂ) stttz
Y2 Z

M

If T is the total time available for the mancouvre then in the general
case where 2 > 0 and ¢1 = ¢y

then Tzl by 42t hece tp= (-g -2 t,)

whero t1;.=5 L
5 ==

Hence yg = 28 dx (1.053 52+ 568+ 105 4 tz)' am e e (8)
In the cese where %, = O and ¢y = ¢4

then £y =-T/ and ¢y n-i—p“t1
Honse v = 2 gty (1053 2] <o mwmmmmem e )
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-l Appendix IT'cont'd .
Case (2) Tracking Angle of Start of Manoeuvre (¥, # 0). .

‘ ‘ .

£ /

v
cafz ® / Y ,
CASEI @ ORJGIN % Q Iy g }b
oRIGN | -
,‘/'gb_ ol L 'PSW : jd
Y JuME
¢ U
OIS R \
¥
()
/ A Fgs
/ .
olet ¢ 3 '
I S P, ‘\ : /
LTI I A te t. T o\t te : T .
x-9,
— hy . . .
Assumptions

In comparing this case with Cass (1) it is assumed that after having
attained y3.in both cases the manosuvres-are identiosl, for given values of
» %y and & but that these values are modified in the first part of the manosuvre
to 11 and 5! as indicated in Migs, k and 5.

Prom time O to 11 ¢ = g7 = ¢4t cos [x | ¢t where LANER
z ‘.;11 4

4=0
Y=V

J & = vio

¥=ept t_1ainat)*c1
2 &

yuept (241 cosat) +C20p
z \2 @

t = 0; 1
C2 = - gh
¥y=0 2 &,

2a
2 2 12
=l (01 -4t 1
2_.(T. - #_ + Yoty

wit = 11988, 4412 ¢ Vygty! = - = - = = - (10)

g

U )

¥

e mer v,

i

-

-
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Yo = ¥3» In tHis partioular case when ¥, = ¥3 the bank acceleration will'
‘nornally be attained, B

SR R B R I SO

. 5= Appendix IT cont'd

e - A < it 4o it

Pron time 11 to 21 ¢ = ¢! ds-const = gy
¥z g2 + Cpt + Cp
3 2

o = val
. Co = y-
y11 ; 2 1

“ o

—e

t=0
7=ghul+ v, ; & = gkt + Ty,
Z
724 = gyt 6512 + adr? 2!+ Tigtol + L 109eh 16012 + Vigty!

2
5ol = gy! ~(t212 + t11t21) + 9gi 1512 4 vy, (tﬂ + t21)
2

------ - - (1)
ijomtimez“ to3! $=glcosfx t]=¢glcosat
2yt ) e
y:—)!,gvs"<:<>sa‘l:+c1‘t:+czr

b

2
giving yz! = gy’ (1.05;%.,12 + 5512 4 1.5t,1t‘2") + Vig (21-41 + t21,)’
and as before

when t21 >0 gt = ¢y

when tp! = 0 dy = 9'311 .

73! = gy’ (1.053@.12) + Vi (2t1‘)‘ meme e (13) %

In general the problem i3 to plot the maxinim allowable sidestep distance
(y6) for varying values of track angle (¥,), assuning a coistant: speed (V) and

siven total tims (1) to carry out the'menosuvre. The maximum allomsble bank
angle (¢I)‘a.ud rate of roll (py,) will also be given,

In order to do this it 4s-nacessary to consider particular csses as the
shape of the curve of bank angle against time will vary with both the total
time T and also y,. IWith ¥, = O and large values of T the distribution will be {
symsetrioal ‘with flat tops, as in Fig. 2, where ¢y is attained, but for small’
values of T the distribution wiil have no constant ¢y portion. The affect of
verying ¥, and T 4s easily seen by conside. Pigs. 4 and 5, In the parti-
cular cases shown when ¥, = O'we have Case (1) already considered and when ¥,
hes & value as.indicated we have Case (2). RFor the given values of ¢y and 'ty
but mwins1'r then ¥, may have-any value up-to ¥3.. A3 §, is increased the
yslue of to' will reduce to“zero with ti! constant = tq and .41 = ¢ and after
5! becomss zero both t11 and ¢y will reduce until they are both sero whc..

init be infinite but for.practical values of ¥ this oondition will not

Consider now the prestical case whore the total time T 1s fixed then for
any value of ¥, we haves

T w28 + 4p.+ 28y 4ty

r

[
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6~ Appendix IT cont'd 7]

For particuhr cases it will be necessary to cbtain valuss for ty +2 tﬂ ‘ ?

and t21 in order 4o evaluate y3 y 1 and l)enee Vg It will thus be necessary H
to obtain-a relationship between ¥1 4y 1 and 1.,

Prom equation (&) ¥3 = Zg’qﬂ + 24 (tgd-g’_) ‘

2/ Y

hence 3 = i} = g¢| (1.137t1 + tz) _————=e (1)

, “Tnis angle y; is turied through in time (2t) + t2)
The angle.tumed through in time (21! + t51) is (¥5 ~ %)
Bence (¥3 = ¥o) = &84 ‘(1.137&1 * tz‘)
.=

and the required relationship betwéén ¥ &2 t,’ aizii_ t21 is:
&by (1.137t1 + tz) = ot (1.137t11 «t;) =¥ -==~-(15)
v i v

This equation together with T = 24;. + ¥, + 26yt « 2t21

where ty =& $y. if t3 x O-and ¢ = ¢y
2y -

and ! sy if tp! > 0and ¢T = gy
2p,

also if tp=0 ¢1=2th1
=
and"if 621 =0 ¢4f.= ﬁ Ly

~
¥ i

-enables .the required quantities o be: datermined for all possible.cases. '

The method of..cbtaining partioular points on the yg ~ ¥ ‘boundary will now
be .dealt with in details

Nethod for obtaining points on ys ~ ¥, boun curve

Given T, ¢x, Py and V it is reguired to plot yg5 against ¥, .

significant in determining the shape-of the bank angle distributimourve and |
. this will be oalled the Critfcal Time (ty). !

' C wsfry :
2oy ‘

Tt will be found-in evaluating thé points’ that the time ( & ) is
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Lo 2 - . )
3. -Boundary when ty >2. (ﬁ.alw:ab"s;l'eisithm o :

1.. Pind maximum values: of -¥ end yg

V.

N R 1(‘1'1/3 ‘H':??','!
Jj~~_B_yim
¢ N
8.4
PoRT e 8
- A \Qu, .
’ R v ~
>
STAR l.g,
-4 Ay

Nots (In this csse § = « at start of

menosivre, hence résul

2. Find velues of ye when ¥ 2 0

'S .
¢ .
| A+
L $o v
R A T
st >
#, ,
-1 A T v,
B AN
- S —
el 2
]
-¢n
.

(¥ 804 7y)

A & B are the two limiting cases.

Case A‘only is considered as dese B
will give the seme values with the
opposite signs. In ‘the limiting cases

211 the bank is applied-in ons direotion.

W=t =) =4 =0
T =26 ¢ = 2 Byt
=

nence yy =-¥3 = 8% ("055*'12)?‘"’” 6
and Yy =J_&£1.137§,) from (1)
i X

%

ts will be optimistic)

A & B ave the two possible casess
Case A only is considered as case B
will give the samo value for yg with
the opposite sign.
=2 ¢ =2aM

4 x

henoe

Y6 = 228 .(1.055‘h 2) £rom {6).
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- 47
- 0.2 = {
%4 -For values of" §g < there- will be . ]
two possihle valies-Tor y5 dépeénding :
A . which wey the bank is made initially.
C . e In case-A the bank is to port ini~ ‘
N < v Y tially and in case B to starbosrd.
S Cleyee, W The values of yg for yo -ve will* be
>~ g - Xy ~—— . the saxe numerically as-the 4vé Yo
) -y . }ﬁ‘ & velues but; having the opposits ‘sign.
#4 InCasoA
% T, t 5 t51 20, = 2p w2l
o 4 R B
LAV LB
ket 4 )
4 IS
@ [N .
-9 * - |
M
-

Wow from (15) 1.137%; &b ~ 1437811 _ng_ =Y
2 v

also & = 2p, b1 and ¢qf = 2py 1
b’ A et St
3 =

hence 1.1378 x 2py (842 = ALNEIE
v T®

and subs. tq = 2 - £41 we have
z
12 - 14,3 = 1300 or 44t =T - .38V}~ - -~ (16}
k &y Lo gpyt
1 2 g1 12 1
Hence ys! = ey ( 1,053ty )+ Vio (2t1 )t‘rom (13)
y3 = &y (1.053t127 from (6) and yg = ;(yf + y3)

In Case B

tm:;?hh%d y3' = ~eh (1’05”12) + Vo (241)
1 4
BERT ) o
)
Xed-out
v = x(v3" +33) SR ’
(I
]
I
3 ii"‘i
— S s

i 8 | o e LB R R N PO AT b i 7
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- FROM 2. CASE,
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T

by

'2:. Boundary when E < 3“ <%
1. Find meimue values of ¥, and 7 (¥ and i)

The Boundary can néw be plotted and will appear a3 below:

e ——— P = ¢ SO SRAEN HEN NI AL TR e,

=9- Appendix II cont'd:

FROM.1. CASEA,

FROM3 CASEA

.

($q= gy whon ¥, = ¥y bub. gy < gy when ¥, = 0)

A & B are the two limiting-cases,
Case A only is considered as case B
will give the same values with the
opposite signs. In the limiting
cases all the bank is applied in
one direction.

W=t ul=tl=0
T =24 + %
¢ ="fl(_ hence %2

Bt depsm 2py
'*n ’
\\\~ ! =iym hence yy = ¥3 = igdy (1.055?1'2 + -5t22 +
T 1.5t1t2) trom (5)
o4 ™ ond = 6ty (1.157.*.1 + tp) from (14)
4 [Py 2 N v
,141’: <
¢M ; T L. !‘?
. _m A
T

%

—
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vdues of -}, and.ys when ¢y = Q‘

K4

Appendix IT oont'd

('o Ma‘yc)

and-tp = O

This case is similar to a.3'the only
difference being that ¢y = ¢y and ¥

1% unknown. 'Henée from a.3 we have
, “for
. Case A-
oAl /& G = oy b= Koy
B g 2
g | s
S TS oot bt =2 -
T~di-% _5_179@) : Nl :t‘l » Y 57 Y
I~
T Yo =2 1.1 (m{;“ ¢11t11)
¢
,‘¢n T t aad ys' = S¢11 (1.053t11 )ﬂﬂ'c (2t11)
o B s = o (1.0551:2)
h 0 4 ) .,
COUN D Vg 2T =k (yz‘ i 33)
-¢" S D
T -
Case B

¥ 88 foricase A

v = sty (1 .055t12) + Vi, ( 21;1)
vs =esty! (1053412

6 =¥ =x(vs v3)

Using values of

g, &t exd 1

worke& out for
Caso A

3. Pind values of yg when ¥, = O

As for cnse 8.2 as ¢y = $y7 <

ke Mind intermediste valuss of

]

Ad for case a.3 a5 ¢ & ¢4 < ¢y

A Qe St

i,

-

B e TN

— 2

o

e e o
a,

—
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e i : - - "
5, -#ind intermediste values of x6<§-han $9_5°g o <V < ¥
. ) T Land by > 4] - H

ey

Case A'
th =0,y =@y
31 ;H 2
v
* ] /A P =24+ 2‘:11 + 2
% S Yol #V= ¢1t;1 trom (7) as py const.
A% - \ o
A== 4 . Y
! - \j{ < By ol #ron (13)
¢ ' \\‘ oty x 11378 + ghyty - &H) x 143741
K3 v v
. : \ :
N = Yo .
' L K t - .
¢, E AN £y pr gy Subs," for ¢11 and-t, we get g
1 £ &/ (CRAREAN S ‘)' %
! e AN 14371 137 !
' ‘¢'I¢A. -, Z ,
T T~ 863ty =¥ | =0
. &by
hence t11 and t,
iy vs' = ey’ (1.05%1’2) + Vi (2*11)
v3 = 8y ( 1.053442 + J5t,2 + 1.5%%,
T % =:(y;‘+y3) '
i
Cass B .
Yo 23 for case A :
| (nterchange & with ¥}, tp with ;! end ¢, with &

‘ T g5t x -ghy (1053442 + 5852 + 15482 )5 Vg (2t + +5)
vs = -6t (1.0534,17) !

] I\
6 .:‘(u Yy Using values of %y, ta,
ty! and g1 workel. out
for Case A,
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‘fho-Bouﬂdary can now be plgttetmd will appear as below:

FROMZ ~
cAse B.

FROM

FROM ES FROM 3,
FROMZ - FROM 4,

FROM 2.CASE T-¥e .
‘ ) Nrromz.case 8,
FROM 1.CASE A=

FROM & CASE B

by
c. Boundary when ty <k (¢, = ¢y when ¥, = ¥y and also when ¥, = 0)
1. Find maxioun values of v, end y¢ (¥y and yy)

As for case b.i.

2, See ovar. .

o e

e B

e s o)
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Pind values of ¥, aod y¢ when 91 = (¥; and y,)
- ° . and t5! = O t =
B Tb.this case y has been reduced from
s Yy t0 ¥ and. ¢y} roaches @ before
v, . t5 becomes zero. 'The case otherwise
- is similer to b5
: K o
" Lo Case A
' . . ey
; F=R%. : PP ARE
i B )
' ~—_ where ¢ = %1 = x ¢y
. s M-
: ' :
i FENATNATE R b hence t,
J -
i S IR 7T trom (15)
! \
' II. \ Yo = &dy (1‘.137!:1 + tz) ~8by (1/.1371711)
' N = —_—
! \ / v v
4 1
, 1 \[B b ¥ =t (t
~Pm c T - % 2)
T
R y31 s m(nosztﬂz) + VY, (Zt{',)
- g¢,( (053442 + J5t,2 + 1.5m2)
Yo =y5=_+.(y3‘ +z?3) ;
)
' Case B .
Yo 88 for case A, .
- |
,31 M -m(1.053e12 + o562 + 1.5t1t2) + VY, (2t, + tz) '
vy = ot (1:05341%)
i Yo :5'-’:(3‘ + y;) |
3
i Using vnlugu '
' ty, to g worked
. out for Case A. '
i
i
i

B e

v e o r = .
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¥
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& s
4
== Appendix I cont’d . ‘%
3, Pind values of Yo when ¥ = O §
y T bty + 2y "
%1
’ : R where t1 = x ¢y  hence &y
e o N+ ‘
5 / ‘ g€ A N 2
; WY~ o yo:= 3 = 288y (41«.053t,2 + St e 1.5t1t2)
3 s - ™~ <
. L -4¢
‘ ~|~ .1
,i ¢\ +) talts R
! \
{ CEN W I
i . “ ) /Blﬂ .
; N
? ¢
.
4. Pind internediate values of Yo Lor = o < ¥, < ¥
Case A
! y T=2t11¢té1+2t1+t2 .
A/ where %4 =t11 = % ¢y
A " 2 Py
- N
" teen ()
from (1
~ 1A=~ Li3 ‘ .
- \M vla)fﬁ(”‘tz)'“
I~ v
@ e s fe! e, } hence subs. sbove £y = T = 2% + _Y_(ﬁ)
p - T 2 oy \2
M -y
,/ v hence tp! = T4ty - tp
A 1
| n and 5! = m(nos;m"‘ PO TR LN 1.51:,%2‘)
“ ;“ +Vt°(2t11 *tg’)
8
Ll VR Eg N -
¥ y3= oty (1.053:,2 + 52 1.5qt2) 1
y5=:.(5'31*’3) !
i
Case B same ¥, a.s( Case A
y5' = ety (15053“2 + 52 + 1.5t1t2)+ Vo (:m . t.‘,) g;i.l:’v:;\:u
. 1 and £,1
75 = -y (1.0531'412 + 512 4 1,54, 18,1) and g = :(yg‘ + 13) Hrved o .
for Case A. . 1 e
t .
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for

«5, -

Pind intermediate values of ¥

As for-case-b.5 as ¢11 or ¢, < ¢y
The Bou.}ndax’y«can{now»bewplotted and will appear as for case (v).
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Defense Technical Information Center (DTIC)
8725 John J. Kingman Road, Suit 0944

Fort Belvoir, VA 22060-6218

USA.

AD#: ADB193723
Date of Search: 8 Sep 2009

Record Summary: AVIA 18/2326
Title: Assessment of Auto |.L.S. Approaches
Availability Open Document, Open Description, Normal Closure before FOI Act: 30 years
Former reference (Department) AAEE/RES/308 .
Held by: The National Archives, Kew

This document is now available at the National Archives, Kew, Surrey, United
Kingdom.

DTIC has checked the National Archives Catalogue website
(http://www.nationalarchives.gov.uk) and found the document is available and
releasable to the public.

Access to UK public records is governed by statute, namely the Public
Records Act, 1958, and the Public Records Act, 1967.

The document has been released under the 30 year rule.

(The vast majority of records selected for permanent preservation are made
available to the public when they are 30 years old. This is commonly referred
to as the 30 year rule and was established by the Public Records Act of
1967).

This document may be treated as UNLIMITED.



