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NON-CARDE_SUPPORTING STUDIRS

In Section 4.1 some problems were outlined which
may form part of an overal) system evuluation, but which
may be studied separately, the results beling later combined
with those of the CARDE assessment. Another class of
problems 1s those which CARDE is not prepared to under-
take due to lack of personnel, knowledge, or facilities,
but which must be done to provide input data for some
phases of the CARDE Study.

The chief area in which preliminary analysis of a
subsystem 1s required but cannot bte done at CARDE, is that
of the ground envirorment. It is understvod that DSE will
supply information which CARDE requires concerning GOI
characteristics. This may be in the form of definite :
values, or of ranges of probable values, of tha important
parameters which influence the placement probability,

; Other areas in which study may be required in order
- to provide Information to CARDE are Elsctronic Counter
Measures, huran angineering, missile trajectories 1in air-

oraft flow fields, ani further target studies.

; 'g' ARDE_PROBLEMS

- The basic objective of the CARDE portlion of the study
will be to detarmine whether the nerformarice of the CF~105
with an available missile will be sufficient against
. foreseeable targets. This Investipation is to be carried
- out with the understanding that ogsentlielly one inter-
ceptor and one target are involved, and within the limita-
‘tions discussed in the following sections, Much 1ls
uncertain regarding aircraft performance, weapons to be
used; and ground environment, so that in many cases a
_range of wvalues must be considered rather thnan one _
speciflc case. This procedure greatly multiplies the work,
but as a byproduct there may be obtuined an understanding
~of what parameters are most critical and where emphasis
should be placed in improving performancs.

Hope has been expressed that this study may point out
some of the characteristics that would be desirable in the
ground system, and how much variation fvom the original
requirements may be sunctioned in alreraft performance,

It would seem alsc that one of the prime purpcses of this
study would be to examiné the relative merita of the
varlous weapons that may be used and to show how the
system's effectiveness may vary with the weapon .  While
these points of view will be kKept in mind, 4t must not be
construsd that this 1s & desim atudy to determine the




required characteristics of any particular component. Indeed,
as explained in Section 2.1, no aingle gnubsystem may be
considerod us an isclated unit, but only as # link in a ~nain
in ‘which there is mutual dependence.

CARDE's chief ooncurn'miy be surmarized us follows:
&) Asssgament of placement chunce
b) Assessment of chance of kill

¢) Initial reviews of the validity of the basic
. Assumptlons.

The various questions that may be investigated in these
‘problems ara outlined in the following section. In several
instances detailed praviews of the work involved are gilven
in the appendices.

. Listed below are general problems that require investi-

- pation according %o the present conccpt of the CHF-108 wesap on
study. It is gonsidered that the program outlined herein

is the minimum that should be undertuken to produce worth-
while results. Certain items. because cf their direct
‘bearing on the points of intereat and because of personnel
and time conelderations will be of more immedlate concern
than others. Tha sequence of work is desoribed in Section 5.
~below. Detniled discussions on tschniques and methods of
~attacking many of these problems are given in Appendix A, and
more detailed statements of assumptions to Le made and data
required by CARDE for the study in Appendix B,

; 4.0:311 1!!1831153

8ince infopmation on launch zones leor high
altitude, high speed targets 18 not svailable for the
missiles of interest, and is needed ocefore placemert
of the aircraft may be considered, u atudy of the
subject must Le made, It !s proposed to carry it
out ir three astages. (Ses Appendix Al)

a) 2-dimensions (prelirminary look)

b) Bediménsions - to determine whether an Inter-
polation from 2-D results is poasible

¢) 2:dimensions - & msre thorough investigation
of the missile problem;


































ﬂﬁbkrbcﬁglllnexugpp f9§ the Livedynerice which are similay
te Sparrow II, information !s quite limited, It is under-
stood there is algo an IR, Bparrow, Uubt nothing delfinite

1o imowm,

o gong preliminapy atudy is alveady boaing dttempted S
- ‘on Sparrow II (See sectfon below and T.L. N-47-2).  Before
~very much could be done concorning other members of the
family a vislt seers necessuary. '

3 In view of the uttention given to the MX1179 1t would
“soem Advisable to consider the Puloon misailes, - Informa~ :
“tlon on these weapcns should be fairly completse and an
friterisive proyramme of docurent seurching should uncover
~thie 'dedired detalls; op ut lenst eénbuyh to sunsiderably
Lo reduce any REAC work. .
SV 31@ EEIQQQOPHY OF VISSTLE STUDIRS
LR i | Some bhasic ideas concerning Lhia nature of pdsslle studies
~may be mentlioned before conslderiny the work In more detail.
As far as the CF-105 study 48 concerred 1t should be noted
_that the charucteristics of & particular weepon will probably
~ be somewhat different when the aircrult is eperational than
. they are today. It therefore seems inedvisable to limit the
study to the actual performence of the missiles today. The

scope of the work should be planned with the following objec-
“tives in minde ;

(8) To estirate the capubilitiss of thé wiseiles of
yes Intereat

(b} To ascartaln what futvre developments. pay be expescted
- toradd to Lhase capabliliviss, :

(¢) To piin w broad understunding of missile typee,
TeesdnaparEioulap

() T andicute what phpameters are must eritical;

. ‘These objectives mAy seer somawhit wider thur tha inmed-
~fate needs of the study would demind; however it should ha
notaed: that the sctual wedpons for tha CF-1086 huve not Lesn
definitaiy estsvlished 8o that & pereral outlook fg vaguirsd.
It 48 felt nlso that wrowlsdge concernini: adn=tosalr waxpons

Sodn general will be weeful 1f CARDY 4§ t¢ advise the ROAR.
circumatancos.




























10,0 DISCUSSION OF RESULTS

The launch zones obtained for subsonic turgets
indicate that interceptor Mach numbers of 0,92 and 1.5
are usable, all-round attock being permitted in both
cases,

10.1 For supersonic targets, obtainable guidance
range will linmlit seriocusly fhe launch zones,
especially for front mspects. The following table
surmarizes the vulues of course difference which are
tllowable in the cascs considered, if a generous =5
limlt to usable guldunce runge fs applied (40,000 £t
at all f'ront aspects). These results apply only at
50,000 and 60,000 feet altitude. e

nterecaptor
Mach 179,
4
Target x4
Mach no,

1.5 70% = 1209 ' 30°%:90°  0°-180°

2.0 45°-120°  0°-1809
2.5 SOOSBET . e

Course difference limite against supersondio
turgets, ;

Some work was dore for altitude 70,000 fest.
Although co-altitude launch zones for this altitude
are not aopli.able as such since 1t ig rmuch above the
interceptor’s ceiling, such zones may be useful in
interpolating for snap-up zones. The launch zoxss
found here at 70,000 feet are very small and ths = Ve
minimun renge is very grest. This 1s due to the low
g - onpabllity of the missile et this altttude, s










14.0 SOHEDULE OF WORK

Proliminany platming for the simulation began on
February lst, and REAC debugging began on March 19,
An iInitial programme of work was submitted to personnel
concerned on March 28. This programme included a
number or tnsts to ensure that the REAC calculations
- val anu to establish the soundness of the previous
: When the machine has ﬁoah“thoroughly checked
urther uchadule will be laid down. is expected

ouf
that 1t will not be possible to plan work more than a
fow days In advance in view of the exploratory nature of

the study.




APPENDIX A2

PLACEMENT PROBLEM FUR AIRCRAFT INTERCEPTION

 INTRODUCTION

The nucleus of the COF 1CH Weapons Study tc be carried
ont at CARDE, will be the determination of placement
diagrams for the CP 1086 alrcraft, carr ing varyirg arma=-
ment loude, againet specified targetq Thie subject
involves consideration of missile and aircralft characteris-
tics, us well g of the capabilities of tha ground :
environment in which thess operate.

1.1  Purpose of Plangpant Charts

The positioning diagran 1s a way of showing into
what region bf apace, relative to the target,; the
ground system must be capable of putting an 1ntarceptor
in order for the aircraft to leurich its weupons. Once
this ropfon of space has besn determined and the
accuracles of the ground environment established the
probability of positionity an iaterceptor so that it
may attack a target may be computed.

The Problem

Thera are tﬁo asnects to the pnohlém that.raquire'
attention, ol 5,

a) The determination of plucement zpmsé for a
number of specified cases, ' ; AN

b) An eétim&+1on of how the zones and therefore
the placemant probabilitises ape altered as certaih
baslc parameters are varied.

Item (a) will iive an indication of the effestive-
ness that mipht be expected of the interceptor system.
Item (b) will furnish frformation pertulning to déaign
eriteria and epsble extrapolatlions to be made from
the basic cases, Rach diagrarm will be drawn for a .
given sot ar valuea of these parameters-

1) intsreeptor veloclty
$1h 1 Target valocity

3453 Nisaile 1auncn rnnye und allowahla hsadin
error :







Depending en the results obtained, each rethod will be used
where it appears to be most econorical and effoctive, |

o 1 gﬁp Dimensiorial Plots

It 1s hoped thut only a brief look might be
tuken at this problem to estavlish the feasibility of
the technique and tc¢ gain a feel for the problem.

4 suitable policy is ostublished, 1t 1s proposed t
hand over the major portion of this work to Computing
Devices of Canadu if computer methods appear to be
advantugeous compared to paper and pencil methods for
the 2«D case. AT

‘Thres Dimensional Plots

i It 1is fﬁought that CARDE effort should ve §éﬁ#@ﬂ-
trated or the 3-D aspects of the proulem for two main
reasonss i .

: a) This problen 1s relatively new and unaxplércd;
Most fruitful advancement of techniques and knowledge
should be expected from this phase of the work,

particularly if closely integrated with other study
activities, : v

‘b)) It 1s expected that 1n many engagements the
target will have an altitude superiurity over the
CF 105 so that differentianl altitude sttack will be
necessary, and be the rule rather than the exception.

4.0 A POSSIBLG 2D METHOD e
A suggestion for attacking the 2-D probidm‘on‘tﬁéjﬁﬁﬁ@

1s described below. The object of this presentation is i
‘more to illustrate the problem than to recommend a method. :




?15# gt

With reference to Fig.1l the target has a veloclity Ve, and
the .’mterceptor a veloclity Vip. The relative velocity wi :L be
Vp and the course difference the angle D. Suppose the intar-
ceptor is approaching the target with course difference D and
makes Al contact at the point A in Fig.2 which has polar
coordinates r and # relative to the target, The contours
Cy and Cp about the target represent the maximum und minimum
-mn t6s at which 4 missile may be fired. At points say B and D

these contours there is an optimum heading relative to the
-target for firing the rnissiles and an allowable t.olet-ance
about this heading. -

The proposed nmo me thod is to suppose that the airorat‘t
started at point A with the glven course differsrce and under
some simple control equation to attempt to obtain a pemiasibla
heading on or betwsen the contours Cy and Cz to fire the
missile. If this 1s achieved the polnt A will be P! {
part of a geminible area of approach. Angle # will be
wvardied until this zone 1is obtained for tha particulaz\ r&nge, ;
""whic_ “turn w:.ll ‘be varied. . :

Tt Bhould be shphabised that, althoush this nethod may
be workable there ars pgrave doub%s that t has any m:lvs.ntage
over ‘bapar and peneil nethods.

e s by amrern ng Faators

; "'The rollowinp; constraints must be sstisried f‘or a
partieular run to qualify as permissible.

St el e aircraft Iaternl accelerats.m must not
ex 'ed a statad *value. :







5.3

Course Differsrnce

This quantity again reflects on G.C.I. methods. At
least five values rmust be considered, thase'bainghdifrorant
for different target/interceptor speed ratios. e
following are suggested:

v, : : :
+ < 1 :D = 160 to €O by 30° Increments
F

gﬂ ‘> 1.8 D'= 180 to O by 30° increments
hol }

garget-Valooitiea
These will 1lie in a range of Mach 0.8 to Mach 2.5.
PighterZVelocities

These will lie in a range of Mach 0.8 to Mach 1.8.

?argat;gyasicn

Basilcally 1t is thought that the cuses of no evaslion,
and a steady turn towards and away from the interceptor
need to be considered. Some thought may also have to be
given to Dog-Leg manoeuvres. _ '

 Altitudes

. This parameter will be of interest in the 3-D study.
It is thcught.that altitude differsnces of zero, and
10,000 to 2C,000 feet will be of interest, with target at
B0 K, 60 K and 70 K (ft). : s e ;

jThé above mentioned parameters pertain to the tactical

situation. The parameters listed Lelow ure concerned with
item (b) of section 1.2 above,

At 1Qast three values of this quantity will have to be

considered. The range of varistion will be specified later,

~ Missile Launch Zones

B mhg-exigt_wbapén;has not_haén-apegitiq&‘as yet for the
eraft so that a number of types must be considered.




With the above statements in mind a program of
rissile study 1e underway, It would be most helpful
to this study 1f the method of uvaing launch zone
characteristics could be made us flexible as possible.

AL Look Angle
Provably two valuss nsed be consildered.
Restrictions to IMlignt Path

Certaln misslles may require u straight line of
fli;ht for a certain time in order to lock on. On
the other hand there may be & restriction that the
rissilels power can only be operative for a limited
amount of time.

It may be noted that some record will be needed
of the time required for interception, since this
factor bears directly on vperational aspects of the
protlem,

FIRE CONTROL ASPECTS

The fire control aspects of the problem will require a
separate study. TIv Is not clearly understood what problems
need Investigation nor how they will tie in with the above
study. It 1s thought that the course to ve flown will be
some sort of lead pursuit or lead collision, How this is
to be Implemented In a non-ccaltitude dttack 1s not known,
If decelerating turns or elimos are allowed further compli-
cetions may arise, Those questioris represent a major
‘portion of the whole study. It is thought that some study
of this phuse of the proulem should be done by the group
concerned with the placement study so thet they”magﬁqobparato
vith whomever is studying fire control and advise both them
and the systems group of their views on the subject,

SHIELDING

A further restriction that may need attention is the
protlem of missile shieldiny by the aircrat't body wiich
may prevent "lock-on" if this 1s necessury before launch.
This congiderution may restrict certain approaches and
bark angles.  Part of thnis problem is expected to be

coneldered by "D" wWing.
EXTENSTONS OF THE PROSLEN

T céﬂtaiﬁlﬁariutidnSHQA the theme outlined alove may be
~desired by E.CiM, considerations. foe : S
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APPENDIX A3

1.0 INTRODUCTION

Before considering what mipght be done in the study
of lethallty a few of the reasons why this subject is of
interest muy be reviewed.

a) The fuze-warhead-vulnerability aapact of an attaok
will dictete the probable success of u weupon system.
Erroneous assumptiong on this phuse of the protlem could
totally distort an nssesement study. This may be seon by
congidering the following simplified equation for the
probable effactiveress Pe of a weapon system.

Pe =P1 X Pk

where P, ie the probabllity of launching & missile and P,
1s the kill probability or lethality. :

b) PFuze consideratione, slther pertaininy to estimates

. of the desiravllity of & particular fuze or toc actual :

development work, requires detailed duta on missile warhead
lethality since this is the criterion wiich determines the
relative merit of a givsn fuze system.

©) Lethality contours about a target for u given fuze
or warhesd may be such that a restricted zone of approach
is required. This constraint will be reflected in the %
~allowable positions of launching & rissile and this in turn
may dicbate the nnnner in which an interceptian 13 to be
made, .

ot d) Many documents on misaile performance give anly
sketchy accounts of the final phase of & missile attack.
Unless this part of the problem 1s well understood, state-
ments concerning weapon kill probability could be guite
mislesding.,

| ASPHCTS OF THE LETHALITY PROBLEN

i e Several cluaoly'ralatad Euajacts are 1nherant in a
: lethality studr.

 _&} warhaad - Thg '4ract resyonsibility to ﬂ&m&gﬁ_gn_ 3
- : kIlI*a target iy

)




¢) Vulnerability - The study of what is needed to kill,
or daruge a particular target or
component

d) Missile ballistlics - Determines whether the fuze and
warhead reach a suitable position
relative to target

e) Engugement studles - Except for actual trials for
which only combat offers satls-
factory results, the study of
the engagement of a target must
be done analytically, graphically,
or by a simulator or computer,

3.0 AINS OF STUDY ASSOCIATHD WITH THE CF 105 WIAPON SYSTEM

CARDE has not the resources; either stuaff, knowledge or
squipment, to do & thorough lethality study in connection with
the CF 105 weapon system. However, because of the importarce
of the problem as outlined in Section 1.0 and the fact that
former studies on similar subjects ignored this phase of the
attack and no detailed study of the subject is expected else-

~where in Conada, some attack rust be made on the problem.
Its aims might be:

a) To assermble a body of knowledge on the state of the
. art as 1t exlsts in allied countries. From this information to
glve & resumé of what performarce may be expected from weapons
- agsociated with the CP 105.

b)) By studylng experimentully or analytically a limited
. number of special cases, to understund and hence illustrate
 the problems, pitfails and hopes that may exist in the realm
of lethallty. Although limited, this work will give a better
~ grasp of the situatlon than the blind acceptance of a kill
‘probubility figure quoted by a contractor. j

AVENUES OF ATTACK
The following avenues of investigation appear avallables
a) Survey of literature :
b) Visits

o} Engagement studies
d) Experimental work

;-4.1* £ terature Surveys should be conducted with the following
' ~ objectives in view: v 1

&) Accomplishing the aims of sectlon 3.0. .
- b) oOvtalning backpround In preparation for visits.










uzZé

a) Eiforte should be contirnued to obtain information
on the fuze system of Sparrow II and Sparrow III
and I,R. fuzes.

b} It is desired that an outline Le uiven of what
lethallty studies are planned.

A survey of possible fuze types and warhead
combinations that may be possible with future
Sparrow or Faleons should be made, This

Information would serve as a guide in plarning

the cases to be studied as mentiorned in e
Section 3,0(b). It is probable that information
on warheads may be needed tefore this could bhe
connleted,

d) Preparations should be rade for visits as out-
lined in Section 4.2(c¢), (d), (L) avd (g).

Vulnerubility

Literature surveys such as outlined in Section 4.1
should begin. Indicatlon should be given as tos

a) What information is needed on the target aircrgrtaggf'_
b) Poasible visits to cover (&) and (b) of Section 4. g
¢) General subjects that the literature survey is to

cover, with an indication of how adequate the
~available material may be, g

d) Subjects for which there is 1ittle or no informa-
- tion available, o)

e) What the long range polley on vulnerability studies

4 Engagerent Studles

An indicution 1s desired as to when the Mark I
optical aralogue will be ready for use. Based on
past expericrce, the information requested in the
above sections, and the cupabilities of the Lurk I
simulator a tentative prosram should be drawn up

to achieve the second aim of Section 3.0. A deserip-
tion should be given of the simulator, : R
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APPINDIX A4

Two aepects of miseile slowsge on ths OF 105 intercentor
aircraft are of Interast: EEaEe

a) The circunstuncas under which & miscile may be bLlinds:
by the Interceptor airframe so thut it cannot lock-on
the turpet. :

B) Possibls.adverse aerodynénic effects when the misslle

is ploced in the auirstredr around the aircralt, partic-
ularly et supersonie¢ speeds.

Shieldinj: of Migsiles

If & misaile must Le locked=-on the Larpet bef sre launch
the toctlcal situations 1n which & weapon can be used may
‘be severely limited. This constraint may become excessively
severe In & non-coaltitude attuck. 'In Tact, this restric-
tion may dictate the tyre of rissile that car be used. A
feasible method of attucking this problen would bLe by the
bga of models &s 4 simvlé mathod of plotting forebidden
zurgs in @ plene rormal to the axls of the fighter.  This
procedure ney furnish a template which could be used to
atudy the effect of various varameters.
2.1 Paprameters which would huve o be inveatigutsd apred

a) Posltion of misgslle on Intsrceptor

b)Y Missilie angle of look

¢) Anple between line of sipght to tsrget and inter-
asaptor heading

d) Altitude differcnce between target and interceptor
e) Roll attitudie of intercentor

1) Piﬁ:k attitude of 1nterteptor

Sources of Information

a) AVRO

k) DsE
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| Th; ideal approach course, marked 1., is such that the fighter obtains
i A.I. radar contact at Cj, flies straight in, launche maximum
i range with porfect amiﬁs and than pa.hasas reveral Qn%utg::amt?:ihbe%&m
the target, well out of range of the target's guns. This ideal course
: is seldom achisved due to errors in the UG.C.I. control phase. G.C.I.
| control errors have many causes - for example the quantization and
inaccuracy of 0.Cel. radar inforrmation, incorrect wind estimation, G.C.I.
| controller response time, fighter compass and (auto) pilot steering orrors,
target manouevres and E.C.M. The greater the 0.C.I. vectoring errors the
‘.. more important it is to optimize fighter tactics. The correction of errors :
| represented by course 2 requiresdifferent flight procedures than course 3. |
|
|

30 GONVERSION TC NOSE ALTACKS

If the fighter ie vectored too far forward as shown by course 2, two |
| alternatives may be open: (a) the fighter may attempt to turn toward the
| target, then back, in a 2ig-zag manoeuvre designed to resain the beam
attack position as shown by course 2a. This can only be done if the
fighter's turn radius is small compared to A.I. contact range and the
distance betwsen courses 1 and 2 is not nraat, Preliminary calcula-
tions indicate that beam conversions ars not feasible with the CF 105,
With puided missile armament it is usually unnecessary to achieve a beam
attack, (b) the fighter must then execute a single-turn conversion to
riose attack as shown by course 2b. It is obvious that the tipghtest
nossible turn should be pulled. and that fighter deceleration is desirable ™
in order to increase the time available for turning. The fighter thereforas

pulls to buffet or to structure « or pillot-limited g's. For the CF 105

at high altituds this will give a turn about 3 times as tight as the

power-limited turn, together with conaiderable deceleration. The tum

can be further tightened by reducing power, and also extending dive brakes,

provided no loss of 1ift occurs and that the dive brakes sither will

withstand missile launch turbulence or can be retracted just before launch.

The effectiveness of nose conversions is dependent on maximum available

11ft rather than maximum éngine thrust.

| As fighter manceuvrability is increased, larger and larger G.C.l. errors
| c¢an be tolerated in the forward zone, However, the maximua look angle
of the A.I. radar sets an upper limit on the maximum tolerable forward
error. If vectored too far ahead, the fighter will not obtain A.I. con-
tact before passing in front of the target and out of the field of view
of the A.I. radar. This limitation oceurs especially in low altitude beam
attacks.

4e0 CORVEASION TO TAIL ATTACK

If the fighter approaches on course 3, the manceuvres are subject to
. several limitations ani are not as easy to optimize. Consider first a
target with less speed than the fighter. The limitations are as follows: -

TRRTTE
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If the fighter turns too slosly into a tail chase, A.I. contact may
be lost during the turn. The attask reverts to the less accurate
GeC.I. control with subsesuent suidance handover, and considerable
time may be lost. This is chiefly a manosuvre limitation and
indlicates a need for the tightest available fighter turn.

If wectorad too far back, the fighter may not intercept the bomber
until 1t has penetrated an excessive distance toward its ground target.
This limitation argues both for a tight turn and a high speed tail
chase, and these two are somewhat mutually exclusive, as before indicated.
The relative importance of turn and chase depends on their relative
duration and thorefors on the fighter's attack course 4ifference. The
best solution appears to be a max. g. (structurs limited) diving turn,
followed by a shallow dive to maintain the highest possible speed con-
slotent with the height loss that can be tolerated. The missile's
"Jump-up" capability should be borne in mind here, It is possible to
launch some missiles in level flight 10,000 ft. below the t arget
#ithout reducing their kill -robability. Also, the fighter may dive
to more than 10,000 ft. balow target and use a decelerating zoom t¢
regain altitude just before launch,

If the fighter's speed advantapge is only slight, the lead angle required
to maintain a lead eollision course aftar the initial turn may exceea
the max.mum look angle of the A.J. radar. With a maximum look angle

of 709, the sveed ratio Vi must be less than sin 700 (= ,94) to avoid
this. v

The limitation is not str{nsant since it is possible to deecrease the
amount of the initial turn to retain lock-on and aczept slightly

higher bomber penetration.

If the fighter has loss speed than the target, the above limitations
become more severe and others are added:

There 15 now a forbidden zone extending from the tarpet's tail to
somevhere forward of its beam, in which it is kinematically impossible
for the fighter to complete an attack. This is usually the overriding
limitation. The fighter must complete its initial turn ahead of this
zone, Thus, high rate of turn is desirable. The zone edge is quite
sensitive to speed ratios near 1l.0. Thus it pays to dive during and
after the turn to maintain the maximum available speed, as discussed
before.

Ae«T. look angle restrictions are more severe with fiphter speed dis-
advantage since thelead angle required to maintain a lead collision
course may now be as high as 909,

APFROACH SPEED

In general, it is unvise even for a slow fighter to a;proach a targat at
Viax because of the loss of manoeuvrability involved. For a constant
g limit, turn rate is inversely proportional to speed and turn radius




i directly proportional to the square of speed. For nose conversions the
; best speed is much lower than Vpgx and usually somewhat lower than the
speed for minimum drag. Hosever, this speed is too low for tail conver-
sions because of the excessive dive or long acceleration peried required
to regain Vipay during the tail chase. The best approach speed for tail
conversions varies inversely with attack course difference. Since it is
usually impractical to prediect during the G.C.I. phase whether nose or
it tail conversions will be required, a compromis¢ approach speed must be
chosan to give best results for both,

Al

With fighter speed advantage and deep defence covarage the best fighter
approach spesd appears to be the target's speed. This gives best manoeuvra-
bility consistent with avoidance of the kinematic restrictions resulting
from speed ratios f%;) greater than 1.

f

b 640 OQPTIMUM APPROACH ALTITULE

Most puided missiles aro capable of successful kill when launched in level
flight several thousand feet below the target. For nose conversions the

3 approach altitude should be as low as possible within the missile's capa-
bility, in order to increase fighter manoeuvrability. Howaver, tail con-

; versions may require a dive to Vp.. and unless a pre-launch zoom is feasible,
: this requiras a higher altitude approach. The best compromise altitude is
usually below the target.

740 OPTIMUM COURSE DIFFERZIGE

o g i OO L B

The best anple batueen fighter and target courses at A.I. contact is
dependent on fighter manoeuvrability, speed ratic and missile fuse and war-
head effectiveness. For speed ratios (V¢/Ve) considerably greater than 1
or high fighter manceuvrability. a head-on attack is optimim kinematically.
For speed ratios near 1 a beam attack is best and for ratios less than 1 a
tail attack allows greatest G.Cels arrors, though 1t also allows greater
bomber penetration. The above statements are influenced by the variation
of the missile's Py with bomber aspect. Too little is known on this topic
to state which attack course difference is preferred by the missile,

The assumption to date has been that kill probability is constant at all
aspects but this is unlikely.

8.0 TARGET EZVASION

k Target evasion will probably be initisted as soonas a target detects a

| fighter locked.on, and will vary depending on the fighter's angular posi-
5 tion relative to the terget. If the target has a speed advantage, turns
away from the fighter are extremely effecstive. Onca ths [iphter is in the
bomber's tail zone and beyond missile ranga, the attack is aborted.
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