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SUMMARY

In this note calculations are made of the probability
of positioning interceptors of different performance so that
successful missile firings can be made against bombers of sub-
sonic and supersonic performance. It is concluded that effective-
ness 1s greatly decreased if the interceptor suffers a speed dis-
advantage relative to the bomber, but that it is not greatly
increased by a speed advantage, that a subsonic interceptor can
be as effective as a Mach number two interceptor against a
Type 37 bomber, and that the effectiveness of a supersonic inter-
ceptor is insensitive to differences in performance estimates.
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1,0 INTRODUCTION

The Aerodynamics Laboratory was asked some time ago
to provide information to DRB/CARDE, which would allow the per-
formance of the Avro CF-105 all-weather fighter to be set up
on an analogue computer for interceptor studies, The laboratory
produced the required data in references 1l and 2.

CARDE had previously investigated the effectiveness
of the CF-100 armed with Sparrow II missiles against a Type 37
bomber (the Russian 4-engine, pure jet, subsonic bomber)., Their
method of calculating system effectiveness of the fighter-
missile combination 1s outlined in Reference 3, Presumably their
corresponding study for the CF-105 is about to begin at the
present time, Although the method 1s exceedingly tedious to
apply in a thorough way, it 1is possible to use it for a few
isolated cases which will give an approximate idea of t he
relative effectiveness of various weapons systems, without
having to make use of a computer, It was felt to be of interest
to make same calculations for the CF-105 in comparison with a
subsonic fighter,

This laboratory has also been engaged for some time
in an assessment of the performance capabilities of the CF-105,
and there have been considerable differences of opinion with
Company estimates, It has, however, been suspected that although
large differences of performance are predicted, the effectiveness
of the aircraft may not be greatly affected. This can be
determined only by appropriate calculation.

A further reason for making such effectiveness cal-
culations 1s to familiarize ourselves with the method used, and
to learn what are the important factors in aircraft performance
which make for high overall system effectiveness,

Accordingly, in this memorandum, the relative effec-
tiveness of three different fighters 1s compared, against a
Type 37 subsonic bomber, and also against an advanced bomber
which is assumed to cruise at a Mach number of 1.3 at 50,000
feet, The three fighters are a good subsonic fighter (having
performance somewhat superior to the CF-100), and two versions
of the CF-105, one of which is a "conservative" CF-105, whose
Rerformance 1s as predicted by NAE, and the other 1is an

optimistic" CF-105 having Avro performance,

Since the CARDE method of estimating system effective-
ness may not be familiar, it will be described briefly.
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2.0 OVERALL SYSTEM EFFECTIVENESS

System effectlveness 1s defined as the probability of
a single ready interceptor making a successful attack against
a single bomber aircraft. It may be defined as the product of
three probabilities: the missile salvo kill probabiliy Pk, the
interceptor positioning probability Pp, and the aircraft
reliabllity factor Pg.

The first factor, the salvo kill probability, 1s not
the subject of this memorandum, and will be taken to be 1inde-
pendent of interceptor performance characteristics., If Pkg' 1s
the single shot kill probability, then the salvo kill probability
(for a salvo of n shots) 1is

Pk =1 - (1 - Pgt)

The single shot probabllity, Px', 1s itself the product
of a number of other probabilities, such as the probability the
missile will function correctly, the reliasbility of the fuse, and
the warhead lethality.

In the CARDE CF-100 study, the value of Py' for the
Sparrow II was taken to be 0,288, and hence for a salvo of four
missiles, the salvo kill probability is 0,74, Allowance was
made for occasional shielding of missiles by the airframe during
launch, and the above figure was accordingly lowered to 0,70,
This figure will be retained in the present memorandum,

Another probability which will be assumed to be the
same for all interceptors is the aircraft reliability factor
Pg, which will be taken to be 0,75, .as was assumed by CARDE
for the CF-1CO,

The main subject of the present memorandum is the
calculation of the aircraft positioning probability Pp, which
1s defined as the probability that a serviceable aircraft can
be directed by ground control and its own radar to the missile
launching zone in such a way that the successful launching of
a salvo of missiles can be made, The method of calculation
will now be outlined., A more detailed account i1s to be found
in Reference 3.

*

3.0 METHOD OF CALCULATION OF INTERCEPTOR POSITIONING PROBABILITY

In the initial phase of Interception, a fighter is
directed towards the bomber by ground control., The bomber and
fighter are located by means of ground radar, The ground con-
troller attempts to direct the fighter in such a way that it
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will be in an optimum position to complete the attack at the
time it makes contact with its own AI radar. At this time the
fighter begins to manoeuvre, if necessary, in order to launch
its missiles accurately enough to obtain a kill.

If the bcmber is flying at steady speed in straight,
level flight, and the fighter 1s aprroaching on a particuler
course relative to that of the bomber, there is one "ideal"
approach path for which the fighter will not have to manoeuvre
at all, and cun launch missiles at their maximun range so that
the missiles will be on a collision course with the bomber. If
the fighter continues on this course without turning it will
eventually pass astern of the bomber, and for this reason such
a course is called a "lead collisiond coursse. However, the
fighter does not have to be on this course to ensure success,
If it is approaching either ahead of or behind the ideal
position, it may still launch missiles at maximum range &nd,
provided the launch is made within some allowable heading
error, the missile itself can carry out all necessary
corrections,

There is, however, an extreme "early" and an extreme
"late" position of the fighter beyond which the combined
manosuvrebllity of the fighter and its missiles will not permit
a successful attack to be carriled out.

It is convenient, at this point, to view the
situation in bomber co-ordinates. That is, fram the point of
view of an observer in the bomber. This is a 1little difficult
to visuvalize at first, but makes the geometry of the situation
simpler. Suppose the fighter approaches the bamber on a 90°
course difference. Its path relative to ths bomber will be
in a direction given by the resultant velocity vector, as
shown in the diagram below:
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There 1s a certaln contour surrounding the bomber,
which is the maximum missile launch range., If the misslles
were launched at this range in such a way that they could con-
tinue on thelr course and collide with the bamber without having
to manoeuvre, there 1s a particular polnt at which they would
have to be launched. Thils point can bte determined from another

vector diagram.

lpeal MissiLe Launew PoimT
(FoR QO coursE DIFFERENCE

. Range

e
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For each course difference (of the fighter and missile
relative to the bomber ) there will be a different 1deal launch
point on the maximum range contour. These points can be found
graphically as shown above, and labelled with the course
difference. Now these are "ideal" launch points, from which the
missile can proceed to collision without having to manoeuvre,
Actually some latitude 1s allowable because of missile manoceu-
vrabllity., Suppose a launch heading error of :20° is allowdble
at maximum launch range. The dlagrem below illustrates this
situation, for & fighter approaching &t 90° course difference.

The "1deal" approach path of the fighter 1s line 1
In the dlagram. On this path, the fishter would reach the maximum
launch range at 90° course difference to the bomber, and if 1t
then launched 1ts missiles, they would bte on a collision course.
If, however, the fighter approached furthershead, at line 2,
without manoeuvring, 1t could still launch missiles at maximum
range because the missile 1tself could correct the 20° heading
error, Similarly line 3 represents the rear limit of such an
approsach.

IGILVIE PRESS. INC . BROOKLYN 17 N_Y 4004
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There is also a minimun missile launch range contour
at which the missiles must be launched with zero heading error
because there 1s not sufficient time left for them to manoeuvre.
If the fighter sapproaches further ahecad of line 2 or further
behind line 3 in the diagram ahove, it must manoeuvre sufficiently
to reduce the launch heading error to 20° at maximum launch range,
or if this is not possible, it must continue turning in the hope
of reducing the heading error to zero by the time minimum launch
runge 1s reached,

If the aircraft 1s ahead of line 2 1t must turn to port,
end this turn must commence at a point which depends on the
distance of the approach path from 1line 2, The locus of all
such points is called a "manoeuvre barrier", There is one
manoeuvre barrier by which the aircraft must start to turn in
order to reduce the launch heading error to 20° at maximum
launch renge, and another barrier by which it must turn in
order to reduce the heading error to zero at minimum launch
range.

SS. INC , BRCOKLYN 17, N Y. 400M
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So far the characteristics of the interceptor's A,.I.
radar has not been taken into account. The bomber can be con-
sidered to be surrounded by & contour which may be called the
Al contour, within which the bomber will be "seen" by the
interceptor. 1If 1t 1s necessary for & turn to be made by the
interceptor in order to achieve successful missile launch,
this turn can not be initiated until after the interceptor has
crossed the Al contour and made contact with the bomber, In
the CAKDE studlies it was assumed that the turn 1i1s not initiated
until 3 seconds after making contact, and so a "delayed" Al
contcur can be drawn around the bomber.

The point of intersection of one of the manceuvre
barriers with the delayed AI contour will deflne the most for-
ward (or eurliest ) approach path of the interceptor which would
allow success,

The situation 1s summarized in the dlagram below,
which 1is drawn in bomber co-ordinates,

MANOEUVRE T ARRIER
Fow MAxX. LAUNGH RPN(,«.

In the dlagram, the manoeuvre barrier for minimum
launch range is shown as the governing one because its inter-
section with the delayed AI contour will give the widest
possible approach lane for the interceptor. .In this case a
fighter approaching along the most forward path would initiate
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& port turn 3 seconds ufter AI contact, and would find 1t
necessary to contlnue turning until minimum launch range is
reached, at which time its missiles would be heading on & -col-
lision course with the bauber,

In & somewhat similar manner the most rearward limit
of the apprcach lane can te graphically determined, but in this
case other factors determine the limitations., I the interceptor
suffers a speed disadvantage relative to the bomber 1t must not
fall too far back while makling 1ts necessary starboard turn,
because 1t will not be able to catch the bomber. If the inter-
ceptor speed is equal to or greater than that of the bomber
such a limitation disappears but 1t may still be the case that
the bomber penetration may be unacceptably high by the tlme the
interceptor catches up. However, rather than impose an arbi-
trary limitation of thls type, and in order to simplify the
calculations, it was eassumed 1n the present study that the
rearward limitsation 1s given by the condition that the inter-
ceptor, on entering the Al range contour, must not pass out
of 1t again (and hence lose contact) while meking its starboard
turn, This turn is carried through only far enough that the
fighter can continue on a strailght path and launch missiles at
maximum range with zero heading error.

The approach of a fighter along such a path 1s shown
in bomber coordinates in the followlng diagrem, for an initial
course difference of 90°.

k.
MestT Reawwrzy AP PR aEL
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By these methods i1t 1s possible to determine graphi-
cally the allowable approach lane width for the interceptor,
for any given initial course difference. One possible further
limitation has not yet bteen mentioned, and was in fact ignored
in the present study; some of the manoceuvres required of the
interceptor may put it into & position and attitude relative
to the bomber such that its radar look angle limitations are
exceeded, This factor was ignored beﬂause these limltations
were not known for the CKF~105,

Another limitution of this study 1s the faot that
the calculutions have been carried out only for & 90° initial
course difference between the fighter and bomber, The calcu-
lations are somewhat tedious and 1n any cese 1t was found by
CARDE in the CF-100 study that this course difference 1is not
far from the value which gives maximum positioning probsbility.
For these reasons no further cases were considered, A thorough
analysls, however, could not ignore this variable.

When the @«llowable approach lane has been determined,
it remains to calculate the probabllity that the interceptor
can be successfully positioned within 1t by the ground con-
troller, The reason why this event is a probability rather
than a certainty 1s that ground-based radar 1s not by any means
& precision measuring device, 1t shows the positions of air-
craft in an intermittent fashion and subject to other uncertainties,
When the ground contrcller assumes the fighter to be in a certain
position and on & certain path relative to the bomber, there 1is
a probability thet this is correct, but also some probability that
the fighter 1s almost anywhere else., In the CARDE study the RMS
position uncertainties are worked out separately for the fighter
and for the bomber, and then superimposed to give a resultant
EMS uncertainty of the fighter relative to the bomber. A two-
dimensional Gaussian distribution is then assumed for the
position probability of the fighter in bomber coordinates, If
it 1s assumed thet the ground controller is attempting to direct
the fighter along the ideal approach path, the Gaussian distri-
butlon 1s superimposed on the permissible approach lane, and
centred on the ldeal path, and then integrated over the lane,
This will give the probability that the fighter will actually
be somewhere within the permissible lane at the time 1t makes
radar contact with the bomber, In other words, this integral
1s the positioning probabllity Pp.

The R.M,S. uncertainty 'of the position of the fighter
relative to the bomber 1s not necessarily the same in the direction
of bomber motion as in the lateral direction, depending on a number
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of factors, 1f the bomber is approaching the ground radsr, the
lateral uncertainty is greater, and may be further incressed by
log-lexz confuslon manoeuvres, during which the banber chunges
course to both sides of its mean direction, In the present
memor&andun, the additional uncertuainty due to random dog-leg
b, ;

certainties of the fishter relative to the bomber have bseen
tuken to be those given in heference o with no dog-legezing,

I'hey are as follows:

anosuvres has not been taken Iinto accon and the hkio une-

uncertainty parallel to bomber path = +4630 yuards

uncertainty at right angles to bomber path = +9450 yards

4.0 BOMBER PuRAORMA M

Two different types of bomber wers assuned in the
ansalysis, The first, a subsonlc bonber having performance
comparable to the 4-jet Type 37, was assumed tc fly at M =
at 50,000 feet,

The second bomber was assumed to be supersonlc, flying
at M = 1,0 at 50,000 reet,

il .[ »:)._;..L I'.J PR POl ¥

The misslile launch rengs contours were copled from
those wused in Reference 3, 1t was assumed that missile velocity
was constant et 2CC0 ft./sec.,, when fired from & subsonic fighter,
and 3000 feet/sec, from a supersonic fi-hte: This choice was
somewhat arbltrary, but as a mabtter of fe it can be shown that
the results are quite 1lnsensitive to tha: cantitles, An
allowable launch heading error of iZOO was assumed at maximun
launch range.

Al RADAR PERFORMANCE

=

The AI contour around the bomber was copied from
sference %, It presumuably applies to an Al radur set which
1s scmewhat inferior to that actuelly intended for the CF-105,
but the characteristics of the CF~105 system are unknown here,
and in y case the purpose of the present approximate analysis
wes to compare the capabilities of the CF-105 with a good
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subsonlc fighter, both carrying the same equipment, and so
although the absolute value of the results may be affected by
this assumption, the camparison probably is not.

7.0 FIGHTER PERFOKMANCE

As was polnted out 1in the Introcduction, three different
fighters were investigated, They are referred to as Fighters A,
B and C in what follows,

Fighter A 1s a subsonic fighter, which is assumed to
fly always at a Mach number of 0,75 at 50,000 ft. (Note that this
is the same as was assunmed for the subsonic bomber). At this
speed and altitude 1t 1s assumed to be capable of & sustained
load factor of 1.2 g's, This permits it to make a steady level
turn of about 4.7 miles radius. A plan view of this turn 1s
found in Figure 1,

Fighter B 1s & supersonic fighter, Its performance
in turns is that which 1is calculated by the NAE for the CF-105,
when 1ts centre of gravity 1s at 28% of the mean aerodynamic
chord., As such, lts performance 1s considerably inferlor to
that estimsted by Avro, In the present study it 1s assumed
to fly et & Mach number of 2,0 at 50,000 ft, when in straight
flight. 1In actual fact the NAE aerodynamic estimates indicate
that the CF-105 has a maxlimum level speed at this c.g. position
which is somewhere between 1,9 and 2,0, but 1t was felt for the
present purposes that a slight upgrading in level speed per-
formance would have a negligible sffect on the results. This
aircraft then entiers a combat turn at & Mech number of 2,0,
kExemples have been calculated for several types of turn to
determine what 1s the best method. It 1s found that in general,
if time to turn 1is the most important quantity, and if also 1t
1s considered undesirable to lose speed, then it pays to apply
only moderate load factor at first, but to overbank to 90° so
that the nose of the aircraft drops. In the desbending turn
a much greater losad factor can be applied and finally the
angle of bank 1s greatly reduced so that the aircraft pulls out
of 1ts moderate dive, 1In this manoceuvre it will suffer a
considerable loss in altitude, and probably the method would
be useful only if the fighter is required to make a large
change in course ending in a tail chase with the bomber, 1In
such a case altitude could be regained, 1if necessary, at a
slow rate without reducing speed.

If it is important not to lose altitude, but not
as Important to maintain high speed, then it seems preferable
to apply a large load factor and to control angle of bank so
that there 1s no loss in altitude., In this case the speed of
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the aircraft will drop 1In the turn. The present study of the
positioning problem shows that loss of speed in the turn 1s
actually an advantage because 1t shortens the turning radius,
Accordlingly, constant altitude decelerating turns were

adopted. It was also decided to assume that these are carried
out at a load factor of 3, At this value, Fighter B decelerates
rapldly, and has reached a Mach number of l 3 after making a
turn of about 90° Probably 1t would be undesirable to continue
this turn beoause the alrcraft 1s rapldly approaching a buffet
condition, Accordingly the remalnder of the turn was assumed

to be carried out at & constant Mach number of 1.3, at the
maximun steady load factor (which is 1.,305), As a matter of
fact turns of greater than 90° were not required for the
interception cases studied, and so the last assumption above

is of academic interest only. A plan view of a 180° turn of
this type for Fighter B i3 also shown in fig, 1. The average
radius of turn for the first 90° 1s about 5 miles, but increases
to about 11 miles after the speed has dropped to 1.3,

Mighter C 1s another version of the CF-105, Agaln,
1t 1s assumed to fly at a Mach number of 2,0 ir straight flight,
and to carry out level turns at a steady load factor of 3.
However its aerodynamic characteristics are those estimated by
Avro, and in addition its centre of gravity is asasumed to be
set back to 34 percent of the chord. (This 1s several percent
further back than it is likely to get in practice). Because of
the much lower trim drag at high 1lift, Fighter C decelerates
much more slowly in turns, The Meach number has dro;ped to about
1.9 after 90° of turn, and to about 1,77 after 180 The mean
radius of turn 1s about Vﬁ*miles for the first 90° and about
6% miles for the second 90° A plan view of this turn 1s shown
in Fig. 1 for ccmpsarison with those of Fighters A and B,

One of the things which is felt strongly in carrying
out such calculations, is the extreme "sluggishness" of a Mach
number 2 fighter in comparison with its subsonic cousin, The
above calculations show that the r adius of turn of ths super-
sonic fighters is greater than that of Fighter A, although thelr
turns are made at a load factor of 3 g's (an angle of bank of
70°), while iFighter A turns uat only 1.2 g's. This is also shown
in other manoeuvres, In a descending turn of the type described
ubove, Fighter C bsnks initlally to 90° and holds this until the
nose haa dropped 20 degrees, while pulling as much load factor
as 1s required to prevent an increase 1in speed. Initially the
load factor 1s 2,28, As the nose drops this increases to about
5 g's., Even at thls extreme angle of bank 1t tekes over 20
seconds for the nose to drop 20 degrees., At this polnt the
angle of bank 1s greatly reduced to produce a vertical accelera-
tion and the aircraft begins to pull out of its dive, It will
have accomplished the pull-out in another 20 seconds, but will
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have lost a total of about 14000 feet of altitude and will have
nearly completed a 180° turn, The procedure does, however,
shorten the mean radius of turn to gbout 5 mlles (from about 7
miles).

Another case which was calculated for Fighter C was
a pull-up from level flight «t M = 2,0 at 50,000 feet, The
pull-up was carried out at 3 g's and was terminated when the
flight path had reached a 20 degree slope, after which the
alrcraft was allowed to round off &t a load factor of zero
(a ballistic trajectory). It required about 9 seconds at 3 g's
to reach a 20° nose-up flight path and sfter 27 seconds the top
of the trajectory had been reached at about 58,000 feet. The
total distance covered by the sircraft was about 9 miles and
its Mach number had decreased to 1.68 at the top.

As will be seen, this sluggishness may almost

completely cancel any beneflts of high speed in interception
manoeuvres agalnst a subsonic target,

8,0 FPLACENENT DIAGHRAMS

The first step 1n calculating the positioning probability
for a given fighter approaching the bomber on a given initilal
course difference, 1s to determine the allowable width of the
approach lane, This 1s done graphically on a "placement diagram",

Flgure 2 shows the placement dlagram for the subsonic
bomber, The allowable approach lanes for all three fighters are
shown, It will te noticed that there is not & great deal of
difference in the wildth of these lanes for the three alrcraft,
and hence it 1s not to be expected that there will be much
difference in thelr positioning probaebilities, These lanes, of
course, apply only for a 90° course differencs between fighters
and bomber,

Flgure 3 1s the corresponding placement diagram for
the supersonic bamber, 1In this case it 1s obvious that the
capablilities of the subsonic fighter are seriously reduced, and
the main reason 1s that the rear limit of the approasch lane is
cut down, A fighter approaching on the rear limit must make a
turn to come in on the bomber's tall quarter, and the scope
of a subscnic fighter 1s therefore severely limlted against
a supersonic bamber, On the other hand, the approach lanes for
the supersonic fighters are not greatly different from those of
Filgure 2,
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In nesrly all cases, the "ideal" approach path (the
lead=-collision ccocurse) 1s not located &t the centre of the
lane, and 1if the ground controller is attempting to direct the
fighter along this path, there 1s a higher probability that the
attack will fall due to the fighter being too far forward than
too far back., One solution may be for the ground controller to
purposely attempt to direct the fighter on a more rearward
course, but the optlimum amount of the shift would be different
for different approach courses, It follows also that greater
fighter manoeuvrability would improve the chances of successful
attack 1f the fighter must turn on to the bomber nose, but
would not greatly help for turns into the rear quarter,

It will be noticed clso from these placement disagrams
that Fighter B appears to have a slightly wider permissible
approach lane than Fighter C, and hence that 1ts positioning
probability 1s greaeter, This 1s due to the fact that the mean
radius of turn of Fighter B 1s less than that of Fighter C if
they both turn at the same load factor, Fighter B 1is the
"pessimjstic" CF-105, &s far as aerodynamic estimates are con-
cerned, and thus the paradox arlses that the filghter with the
higher drag seem3 better in combat, Thils ccmpurison is hardly
failr, because thers are several ways in which Fighter C could
have equalled the manoeuvrabllity of Fishter B, For example

£ could throttle back In the turn in order to decelerate more
rapidly., Thils, however, might increase the r isk of afterburner
blowout., Alternatively it could turn at higher load factor

but it would soon run into elevator hinge moment limitations,
It could salso open dive braukes, if i1t had any. The latter
arrangement 13 probably the most {lexible, .The CF-105 has dive
brakes, but at the moment they arse incapahle of being safely
opened at supersonic speeds,

9,0 CALCULATION OF POSITIONING PROEABILITY

As outlined in Section 3, the method of calculating
positioning probability 1s to superimpose the assumed positioning
uncertainty distribution on the allowable approach lanes, and to
integrate it over the lane width, The uncertainty distribution
is centred on the ideal approach path on the assumption that this
is the path along which the ground controller is attempting to
direct the flghter, For an RMS uncertainty of the fighter
relative to the bomber of +4630 yds, parallel %o the bomber path
and +9450 yds, at right angles to this path (See Section 3), the
calculated positioning probabllities are as shown in the table
below, The overall system effectiveness was defined in Section 2
to be the product of the positioning probability Pp and two other
probabilities Pk and P, which were assumed to be equal to 0,70

and 0,75 respectively, Hence the overall system effectiveness
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is obtained by multiplying the positioning probability by 0,525,
System effectiveness 1s also listed in the table below,

TABLE 1

POSIT1ONING PrROBAR1LITY Pp, AND SYSTEM EFFECTLVENESS Pp Pk Py

50,000 feet, co-altitude attacks, with 90° initial course dif-
ference between flghter and bomber,

Subsonic Bomber M=0,75 | Supersonic Bomber M=1,3
Pp PpPgPy Pp PpPgPy

Fighter A 0,456 | 0,425

righter B ¢ 0.472

i

10,0 DISCUSS1ON OF RESULTS

0.465

Fighter C

The above results indicate that Fighter A (a subsonic
fighter) can be nearly as effective as the supersonic fighters
against a subsonic bomber aircraft, The positioning probability
(0.87) for Fighter A i1s somewhat greater than the corresponding
value for the CF-100 aircraft as obtained by CARDE in Keference 3.
Their values ranged from about 0,7 to 0,8, 1In the CARDE study,
the bomber was sallowed to carry out dog-leg manoeuvres to
increase the lateral positioning uncertainty, and also the

Initations due to AI radar look angle were taken into account,
However, an even greater effect was that due to the speed dis-
advantage (about 30 knots) of the CF-100 relative to the Type 37
bonber for co-altitude attacks, CARDE extended their study to
investigate the effects of carrying out attacks from altitudes
5000 feet and 10,000 feet below that of the bamber, and making
use of the missiles' jump-up capabilities, These altitude
differences wipe out the speed differential between fighter and
bomber, and considerably increase its chances of success, If
the fighter suffers a speed disadvantage, attacks which require
a turn on to the rear of the bomber are limited by the maximum
allowuble fall-back of the fighter, and in this case the rear
1imit of the allowable approach lane will be cut down. The low




NATIONAL AERONAUTICAL ESTABLISHMENT ; E-8la

PAGE .. 1'7 OF 19
LABORATORY MEMORANDUM

positioning probability of Fighter A against a supersonic
bomber illustrutes this point.

On the other hand the present study indicates that
a speed advantage (even a large one) 1s no great advantage to
the fighter if it results in a reduction in manoceuvrability,
In flgure 2, 1t will be noticed thaut the rear limit of the
approach lane for Fighter A 1s so close to the extreme width
of the AI contour, that there is very little improvement to
be obtained by &n increase in speed, The forward limit of the
lune, on the other hund, is malnly affected by manoeuvrability,
and in perticular by radius of turn,

These conclusions are the result of an approximate
analyslis which was carrled out for one particular course dif-
ference only. A more thorough analysis, covering course
differences from zero to 180~ may modify them somewhat, but
it must be remembered that the approach course to be used is,
to some extent, the choice of the ground controller, provided
there 1s sufficient warning time, and hence all course dif-
ferences sare not equally probable. .

To welph the advantages of interceptor speed only
from the point of view of final combat 1is not, of course, the
fully story., &oxtra speed permits the interception to be carried
cut at shorter bomber penetration, for a ygiven warning distence,
provided that the fighter radlus of action is large enough.
Since supersonic fighter radius of action would normally be
less than that of a good subsonic fighter, it may not always
be possible to realize this potential advantage,

One conclusion from thils analysis is that it might
be worth while to carry out & short project study of a high
altitude subsonic, all-weather fighter. It would undoubtedly
be an alrcealt consliderably larger than, say, the F-86, because
of the need to carry sophisticated fire control equipment, but
it might not be much larger than the CF-100, Its design would
be considerably simpler than that of & supersonic fighter for
several reasons, Supersonic stability and control problems would
not arise, zZxternal missile stowage would probably be feasible
wilthout seriously affecting performance, Its wing loading would
probably be low because of the high-altitude manoeuvrabllity
requirement, and this would make for good landing and take-off
characteristics, Its thrust-to-weight ratio probably would
have to be high for the same reasons, and this might make it
worth while to consider a VIO version, A very preliminary
guess points toward an aircraft in the 30,000 1lb, class
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powered by a single Orenda Iroquois, and armed with 4 Sparrow
missiles, The results of such a project study could be used
in a complete weapons system evaluation such as that now beilng
undertaken by CARDE for the CF-105,.

It should be borne in mind that any subsonic fighter
would be relatively helpless against & supersonic bomber

11,0 CONCLUSIONS

On the basis of thls approximate analysis, 1t is
concluded that,

il The overall system effectiveness of a supersonic
interceptor armed with air-to-air missiles is in-
sensitive to differences 1in interceptor performance
estimates,

Effectiveness is greatly reduced if the interceptor
suffers a speed disadveantage relative to the bomber,

but chanzes very little as the interceptor speed 1s
increased above that of the bomber, as long as the
interceptor radius of turn is not changed.

A subsonic flghter whose performance is at least
equal to that of the bomber may be nearly as
effective &s a Mach number two fighter, provided
the same armament 1s carried,

The manoeuvrability and hence the effectlveness of

a supersonic fighter could be improved if 1t carried
dive brakes which could be operated at supersonic
speeds,

There may be some point in carrying out & project
study of & high-altitude subsonic all-weather
fighter., It would be cheaper and quicker to
develcp, and could be & flexible and effective
pertner to a supersonic fighter in the defence
system, The usefulness of such an aircraft would
depend on how soon it 1s expected that long range
supersonic bombers may be developed, because it
would be relatively ineffective against such an
alrcraft,
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Fig. 11 Side force distribution on two wing fins

From fig.

12

Modafication

Standard fin

none

a (1 ventral fin)

b (2 ventral fins)

¢ (2 wing fins)

(enlarged fin)

(2 wing fences)

Legend to figures 12, 13, 14

Fig. 12 Yawing moment coefficient versus yaw

of ref.
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