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THE EFFECT OF THE STEERING LOOP GAINS ON THE INTERCEPTION CAPABILITIES

OF _THE ARROW

INTRODUCTION

This report extends the work of reference 1 on the gain of the steering loop
of the Astra 1 fire control system in the Arrcw when flying with an armament of
Sparrow II missiles, '

As stated therein, radome polarization errors appear to be causing instability
in the automatic steering locp with the present gains. A reduction in the gains may
e necessary to stabilize the system.

For the co-altitude attacks on which this study is based it is not necessary
to simulate the steering loops in both roll and pitch chamnels. By assuming the
interceptor holds the same height as the target the manoeuvre can be specified by
the angle of bank alone., For this reason the simulation does not include the
steering gain in the pitch plane.

In the Astra I system the gains of the two steering loops are chosen to give
a level turn against a co-altitude target. Any variation or scheduling of the
gain of the lateral steering loop in this simulation is thus assumed to be intro-
duced similarly into the gain of the interceptor pitch steering loop in the actual
system to preserve the same co-ordination,

In reference 1 attacks were made from tail, 900 beam, and head.on approach
lanes against non-manceuvring and weaving targets. Both aircraft started to
manoeuvre at the initial positions shown in fig. 1, this assumes that the AT
radar is locked-on at these ranges, The caleulations were performed for a tar-
get Mach murber of 1.2 and an interceptor Mach number of 1.5. Three gain systems
were used, two constant values and one scheduled with range. In the present re-
port a reduction to 2/3 of the original lock.on range, a target Mach number of
1.8 and an initial interceptor Mach number of 2.0 are also considered in combina-
tion with the earlier cornditions., Altogether five constant values of the gain
and three values scheduled with range are now used.
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INTRODUCTION (Continued)

An attack is considered as successful if the interceptor is in the launch
zone for Sparrow II missiles for a specified length of time, i.e, within the
range limitations and the missile angular firing tolerance. A secondary consid-
eration in evaluating the capability of a given gain system is the angular firing
error at the mechanised firing time. At this time the interceptor is attempting 1\
to fly with zero firing error and this is the point at which the alternative
armament of Genie rockets, with their smaller firing tolerance, is fired. Large
values of 'g' at weapon release are alsc undesirable and provide a further basis
for comparison of gain systems,

The probabilities of placement for successful conversion and the weishted -
mean values of firing error and normal acceleration are computed for each approach
lane, assuming the midcourse guidance pgives no heading errors, Weishting and
combining these quantities s for several initial speeds, ranges and headings, as
detailed in Table 1, overall values are then cbtained,

The results of this study show that a comstant azimuth cain of approximately
.004 rad.sec,/ft, gives the optimum values of overall conversion probability, The
work on the scheduled gains suggests that it may be pessible to use a smaller gain at
longer ranges with virtually nc loss of conversion probability, although a reduction
to less than ,003 at any point is not considersd desirable,

METHOD

A digital computer program has been written for the I.B.M. 704 computer to
similate co-altitude lead collision attacks., The assumption is made that the
interceptor always makes co-ordinated level turns and keeps the same height as
the target, so that either the rolling or the pitching motion completely specifies
a ' ‘ " uming instantaneous response, the angle of bank

taken to define the manceuvre, In the above ex-

pression GA is the gain of the azimuth steering loop, My is the calculated weapon
miss distance in azimuth and T is the time-to-go to weapon impact, The simulation
of this expression is further explained in reference 1, The azimuth and elevation
planes are those normal to the gimbal axes of the Astra I seeker head,

The lead collision course is mechanised for release of Sparrow II missiles at
6 seconds to go to impact, Both aircraft are at 50,000 feet., An increase of 3 db in
the gain at 20 seconds to go, presently included in the Astra I system; is not
included in the simulation, The interceptor is always limited to a maximum speed
equal to that at the start of the attack, the target beins assumed to keep constant
speed and altitude during any manceuvre,

The Arrow performance data is taken from reterences3 and U,
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ANALYSTS

A statistical analysis of the work is introduced in this report., It is
assumed that the midcourse guidance gives a normal distribution of placement
errors across a lane perpendicular to the direction of motion of. the inter-
ceptor relative to the target, standard deviations of 3 and 6 nautical miles
being considered., No heading errors are introduced. A specified time in the
missile launch zone is taken as the criterion for the success of a conversion
attempt; values of two and three seconds are used. For each region of an ap-
proach lane from which an attack is successful, the probability of placement in
this region by the midcourse guidance gives a contribution to the conversion
probability for that lane. Summing for all such regions gives the conversion
probability for the lane,

Weighted mean values across each approach lane are computed for the missile
firing error and the interceptor normal acceleration at the mechanised firing
time. The weightings chosen are proportiocnal to the probability of placement by
the midcourse guidance at each position considered on the approach lane, only a
standard deviation of 3 n.m. being used here, Where the attack fails over part
of a lane due to interceptor "fall back" and cannot be continued to the mechanised
firing time, a modified procedure is adopted, In this case, for initial place-
ment regions from which no "fall back" occurs and the mechanised firing point is
reached, the weightings from the normal probability distribution are increased
pro rata to give a total probability of 100% placement to these regions,

The conversion probabilities and the mean firing errors and normal accel-
erations from each lane have been further weighted according to Table 1 to give
overall values for the evaluation of the gain systems used. These weightings
represent estimates of the relative likelihood of occurence of various initial
conditions and their importance in choosing the gain system, The era of Arrow
operation will obviously affect the weightings used, from considerations of
expected target speeds and altitudes and the present Arrow speed limitation on
the lowering of the missiles. Four weightings were therefore considered, Since
the Arrow is vectored by the midcourse guidance for head-on and beam attacks, only
a small weighting is given to the approaches made initially from the tail, to cover
the use of this approach for re-attack,

In some cases, due to "fall back", there are no values for the firing error
ard normal acceleration for any part of the approach lane, e,g. no attack is POS =
sible when a Mach 1.8 target weaves away from a beam attack by a Mach 1.5 inter-
ceptor, Wherever this occurs the weightings of the contributions to the overall
values of these quantities from the other approach lanes are increased pro rata
so that the overall weightings for those values which exist total 100%,
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ANALYSIS (Continued)

For evading targets the manceuvre used throughout is a weave of alternate
90° turns to port and starboard at 1.5 'g', only the initial direction of turn
being varied. The result is a variation in heading between * 45° about a track
at 45° to the original heading, Both "mean" and "minimum" conversion probabili-
ties are evaluated against evading targets for each approach lane and also for
the overall weighted results,

In estimating "mean" probabilities it is assumed that the target does not
know the best evasive manoeuvre for the particular conditions and is therefore
equally likely to turn initially towards or away from the interceptor. For
"minimum" probabilities the target performs the evasive manoeuvre which allows
the interceptor the smallest time in the missile launch zone., The minimum con-
version probability derived in this way gives the probability of successful attack
regardless of the initial direction of the target evasive manoeuvre,

For head-on and tail approaches a target weave to port represents a turn
towards the interceptor for all cases on one side of the ideal approach, and a
turn away for all cases on the other side. Thus the conversion probability for
a symmetric lane is based on an equal proportion of targets turning away from and
towards the interceptor and represents the mean conversion probability against a
weaving target as defined above, By reversing the curves of time in the missile
launch zone about the ideal approach lane we find the success regions against a
target weaving to starboard. The minimum conversion probability against a
manoeuvring target is then given by the total probability of placement by the
midcourse guidance in success regions common to both initial directions of
target manoeuvre,

For the port beam approach it is necessary to consider attacks from both
sides of the ideal course (defined against a non-manoeuvring target) against
both port and starboard weaving targets, since the same symmetry does not exist
as for the head-on and tail approaches, The mean probability is now the mean
of the conversion probabilities against port and starboard weaves. The minimum
probability is again the probability of placement in success regions common to
both target manoeuvres,

No values for mean normal acceleration ard mean firing error are quoted for
any of the cases where the target makes the best evasive manoeuvre. This is
because the lanes from which successful attacks are possible in these cases are
composed of some sectors in which the target turns towards the interceptor and
others in which it turns away. To obtain mean values of normal acceleration
and firing error therefore inwolves evaluating these quantities across the com-
pound lanes., Except by use of very time-consuming graphical methods, it is
not possible to give proper weight to the contributions for each of the manoenvres,
and this analysis has therefore been omitted.
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RESULTS

In reference 1 attacks were made from tail, 90° pert beam and head.on
approach lanes against non-manoeuvring targets and targets which weaved to
port, The initial conditions used were one set of ranges at which the aircraft
manceuvres commence (AT lock-on is assumed to have occurred at these ranges which
are shown in fig. 1), with a target Mach number of 1.2 and an interceptor Mach
number of 1.5, Three gains were used, the present value of ,006, one quarter of
this, .0015, and 2 gain scheduled with range, .00036 + zézg with a limit of .012
and not .006 as stated in reference 1. R

In the present report attacks are made from the same course differences or

approach lanes against targets performing the same manoeuvres as before, with a
target weave to starboard, i.e. away from the port beam attack, considered also.

With the same aircraft speeds as before initial ranges equal to 2/3 those shown
in fig. 1 are used, Both Mach 1.5 and Mach 2.0 interceptors are also considered
against a HMach 1.8 target with the original initial ranges of fig. 1. The ,006
and .0015 gains are again used, Three further constant values of the gain are
considered against manoeuvring targets only, since the effect of gain is not so
marked against non-manceuvring targets. These are .0006, .003 and .012, Three
gains scheduled with range are now used againsi both non-manceuvring and evading
targets, 00036 + 367 with a limit of .012, ,00036 + égz,With a limit of ,006,

and ,0018 + igg-with a limit of ,003. Fig. 13 plots these schedules to show the
equivalent gain at any range. The total number of gain systems used in the
present report is therefore eight.

Fig. 1 shows the initial attack positions considered in each approach lane
for the full ranges used in reference 1, When considering attacks initiated
at 2/3 of these ranges, 2/3 of the lane width and attack spacing has also been
used., For this reason, no conversion probabilities have been quoted for a place-
ment standard deviation of 6 n.m. where the attack was made from the 2/3 reduced
range. For the same reason the overall results which include the reduced range
cases, Tables 13 and 15, are not computed for "= 6 n.m,

Figs. 2-12 are plots of the time in the missile launch zone against place.
ment offset on the approach lane from which the success domains, and therefore
the conversion probabilities. have been derived. Hach figure shows attacks from
one approach lane for cne set of initial speeds and ranges, and covers all gain
systems and target manoceuvres,

It may be seen that large and sudden variations of the time in the missilk
launch zone occur for small displacements across the acproach lane against man-
oeuvring targets. A small displacement in the initial position of the interceptor
will result in a significant difference in its path after flying against 2 man-
ceuvring target for some time under automatic steering., The time taken to fly
to the missile launch zone will similarly vary and the target will have a dif.
ferent position and heading at wissil- ™- = = T " "ng changed its
direction of turn.
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RESULTS (Continued)

Fig, 13, as already stated, shows the range variation of the scheduled
gains considered.

Table 1 gives the weightings used in producing the tables of overall values
of conversion probability, firing error and normal acceleration from the values
for the various initial conditions, The first two weightings represent a fairly
early era of Arrow operation and the expectation of a Mach 1.5 interceptor against
a Mach 1.2 target is taken to be 70% for weighting 1 and 50% for weighting 2,
Weightings 3 and 4 represent much less favourable conditions, in that both con-
sider an 80% expectation of a Mach 1.8 target. Weightings 2 and 4 do not contain
the cases with reduced range at lock-on. The restriction on the lane width
explained above does not apply in this instance and overall probabilities for
¢ = 6 n.m. are derived for these two weightings. Table 1 also serves as an
index to Tables and Figs. 2 to 12,

Each of the Tables 2 to 12 covers attacks from one approach lane for one
set of initial speeds and ranges. The probabilities of successful conversion
for each gain system and target manoceuvre are quoted for the two standard
deviations of placement error and the two values for the time required in the
missile launch zone. For each approach lane the weighted means of the firing
errors and normal accelerations at the mechanized firing time are also quoted
for each gain system and target manoceuvre, taking & = 3 n.m,

Tables 13-16 present overall weighted values of conversion probability,
firing error and normal acceleration for each gain, derived from Tables 2 to
12 using the weightings of Table 1,

_ Some of the results of Tables 13-16 are plotted in Figs, 14-16 for &= 3 n.m,
only. Fig. 14 shows the variation of the "mean" and "minimum" welghted conversion
probabilities with gain for single-valued gain systems and manoeuvring targets,
where the criterion for successful attack is two seconds in the missile launch
zone. Fig, 15 shows the same conversion probabilities where three seconds is
required. For the "mean" target manoeuvre only, Fig. 16 plots the overall means
of the firing error and the normal acceleration for the single-valued gain systems,

DISCUSSTON OF RESULTS

(1) Conversion Probability

For non-manoeuvring targets Tables 13-16 show that the conversion probabilities
are generally high and little effect of gain may be noted for welghtings 1 and
2, However for weightings 3 and 4 the constant gain of ,0015 is better than
either the gain of ,0060 or the scheduled gains. This effect is produced
entirely by the results of the beam attack on a speed superior target, i.e,

a Mach 1.5 interceptor against a Mach 1.8 target, Table 12,
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Conversion Probability (Cont'd)

For evading targets, Figs. 14 and 15 both show that for constant gains the
overall conversion probability increases as the value of the gain is reduced
from ,012, A maximum value is achieved between ,0025 and ,0045and the
probability then falls off very rapidly for further reductions in the gain,

It is clear that an increase in the time required in the missile launch zone

for successful attack will cause some reduction in the conversion probability.
Quite often, particularly where the conversion probability is high, the success
domain may only be altered at large distances from the ideal course, where the
probability of placement by the midcourse guidance is small., In such cases

the variation in time in the launch zone has no apparent effect on the conversion
probability,

In reference 2, it is shown that three seconds in the missile launch zone are
required for firing a salvo of missiles, Figs, 14 and 15 show that only for

a gain of ,003 is the conversion probability appreciably reduced when three
instead of two seconds are required, with weightings 3 and 4 showing larger
reductions than weightings 1 and 2. Fig. 16 shows that for this gain the
mean firing errors are of order 8 -egrees for weightings 1 and 2 and 11 degrees
for weightings 3 and 4. Since che missile angular firing tolerance is 11
degrees it is clear that whilst flying within the missile launch range limits
the firing error is within the tolerance in many cases for only a short time,
The conversion capability is therefore expected to be sensitive to the time
required in the launch zone for this zain. Fig, 16 shows that a small increase
in gain above the value of .003 results in a rapid fall in the firing errors,
thereby eliminating this effect, as may be seen in figs, 1/ and 15.

The conversion probabilities for three gains scheduled with ranse are given in
Tables 13-16. Tables 14 and 16 show that for an increase in the standard
deviation of the GCI placement errors from 3 to 6 n.m., the schedules show a
much smaller loss in conversion probability than the constant gains., This
however is not thought to be important as the GCI system is expected to
achieve better accuracy than 0= 6 n.m.

The overall conversion probabilities for the schedule of ,00018 + 183 with a

limit of ,003 are seen to be ~uite inadequate., The schedule of ,00036 + 367

with a limit of ,006 is as good as the constant gain of ,006 except for R

welghting 1 which shows a small reduction in probability. The schedule of

.00036 + 367 with a limit of .012 represents a considerable improvement over
a

the constant gain of ,012 at all times apgainst manoeuvring targets,

Firing Error and Normal Acceleration

A secondary consideration in evaluating the gain is the tactical capability
of the aircraft when carrying Genie rockets, which have a much smaller firing
tolerance than Sparrow, This tolerance is Qg%%ﬁtood to be of order 1 de=-
gree. The overall mean fir- ) ?g%ih« ables 13-16 are such as to
make the use of an unguided g%tally unacceptable, with any

gain system, Fig, 16, for *gets only, shows that with a
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(11) Firing Error and Normal Acceleration (Cont'd) ~

constant gain system the errors decrease monotonically with increasing
gain, Stability studies have shown that the gain must always be less

than ,006 and may be limited to .004 sven at short range, The overall
firing errors lie in the range 3° to 4.5° for & gain of ,006, and 5° to
7.5° for a gain of .,004, The minimum value is seen to be always con-
siderably greater than 1 degree., However, the higher speed of Genie means
that, when released at 6 seconds-to-go (the time of flight mechanized for
Sparrow in these calculations) it travels approximately twice the distance
that the missile would travel., It may be shown from the form of the
mechanization that the effect of this higher weapon speed is to reduce the
firing errors. The results of fig, 16 must therefore be considered as qualita-
tive only with regard to Genie, Nevertheless they cast some doubt on the
ability of the Astra I system to complete successful attacks with Genie
when operating in the automstic mode,

The firing errors for the constant gains and the gains scheduled with range
may be compared from Tables 13-16 and fig. 16. These show that, for the
schedules with limits of .006 and .003, the overall mean firine errors are
virtually the same as those for constant gains set to the limiting values,

The overall mean values of normal acceleration at the mechanized firing
point plotted in fig, 16 are thought to represent an acceptable level of 'g!
for weapon release for all gains and flieht conditions,

CONCLUSTONS

The conclusions of reference 1 with resard to the constant gain of ,0015 are
not confirmed by the work of considerably increased scope presented here, For
a constant gain system against a manceuvring terget, fig. 15 shows that the peak
values of conversion probability with Sparrow armament occur for gains between
0032 and ,0045 for all weightings considered. A gain chosen from the band .0040
to 0045 gives conversion probabilities very close to the optima for all con-
ditions,

The results for the non-manceuvrine speed superior target, Table 12, showing
high conversion probability for the gain of .0015, are not considered here since
this gain is unacceptable against a manoeuvring target and the recommended gain
should give good capability for these conditions,

An increase in the recommended gain would be expected if interceptor response
and computer lags were included in the study. A digital computer programme for
three dimensional Astra I simulation, including an approximation for the system
response, will soon be available, and a check of thespresent conclusions with

%ggi

this program and/or analogue computer studies m y§: desirable.

. e t ﬁp esent study, noise and stability
considerations will cause a reductigg\. éﬁ 1lity of the system as the pain
increases. Hence larger gains th%nﬁa" “plus an allowance for the system lars,

should not be used, ‘i@\ﬁ

S

SECRET

In addition to the factors included jwﬁzég?
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CONCLUSIONS (Cont'd)

By comparing figs, 14 and 15 with fig. 16 it will be observed that there
is a repid increase in the mean firing error correspending to the rapid fall
in conversion probability as the gain is reduced below the optimum value, In
fact it has been shown that there is reason to expect some correlation between
these quantities,

The results for the scheduled gains may be interpreted as showing that if
the gain is increased up to a limit value as range decreases, the resulting
conversion probability corresponds to a fixed gain whose value is less than
the 1imit of the schedule. In general there is little change in the firing
error from the value corresponding to the limitine eain. However, the
schedules studiedlie either wholly in the region of rapidly decreasine con-
version probability or almost entirely above this region, and it is not pos-
sible to draw any definite conclusions concerring the suitability of schedules
limited by the recommended constant epain, Nevertheless it appears probable
that if it is necessary to introduce a schedule, the gain should not be al-
lowed tc fall below ,003 at any range,

This study has given direst consideration caly to Sparrow 2 armament and
the results can only give qualitative indications of the performence with
Genie, However; the magnitude of the firins errors obtained suggests that
they may be unacceptably large for launch of this weapon, Tt is therefore
considered that further study of the Astra ¥ mechanisation will be necessary
if' carriage of Genie becomes an cperational requirement.
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TABLE 3 HEAD-ON ATTACK

Initial Interceptor Mach No. = 1.5

Target Mach No. = 1.2

Manoceuvre is Alternate 90° Turns at 1.5 'g'
Initial Ranges as Fig.l.

CONVERSION MEAN MEAN
PROBABILITIES (°/o)| FrmING NORMAL

SECONDS IN THE MISSILE TAUNCH » 3 2 3 ERROR |ACCELERATION
ZONE (DEGREES)

AZIMUTH STANDARD DEVIATION
GAIN OF THE PLACEMENT| 3 3 6 3
__(RAD.SEC/FT) ERPQR.(N.M)

NO TARGET MANCEUVRE
.0015 100] 100] 100| 100
ORTIGINAL VALUE .0060 100| 100} 100| 100
.00036 + ?67/9 LIMIT .0060 100! 100} 100| 100
.00018 + 183/R LIMIT .0030 100] 100 100 | 100
.00036 + 307/R,LIMIT .0120 100] 100| 100} 100
TARGET WEAVES TO PORT FOR ALL
ATTACKS, i.e. MEAN TARGET MANOBUVEE

.0006 0 0 5 L 46.7

.0015 100| 100]| 100 | 100 .
.0030 100 94| 100 94
ORIGINAL VALUE . 0060 100| 100| 94| &4
.0120 100 99| 94| 84
.00036 + 367/R LIMIT .0060 100| 100} 100 | 100
.00018 + 83/R LIMIT .0030 100| 97| 100 88
.00036_+ 367/R,LIMIT .0120 100 | 100 100 | 100
BEST TARGET EVASIVE MANOEUVRE
e. MINIMUM PROBABILITY ACAINST WEAVING TARGET

.0006 0 o] o 0
.0UL5 100 | 100} 100 | 100
.0030 00| 89100 | &8
ORIGINAL VALUE .0060 100 | 100| 38 67
.0120 99| 98| 88 68
.00036 + 367/R LIMIT .0060 100 | 100 | 100 | 100
.00018 + 183/R,LIMIT .0030 100 93 100 75
.00036_+ 367/R.LIMIT 0120 100 | 100 | 100 | 100

»
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N, /4 ATTACK TROM PORT BRAM

Initial Interceptor Mach No. = 1.5 %\g\

Target Mach No. = 1.2 %‘3

Manoeuvre is Altevnate 90° Turns au
Initial Ranges as Fig.l. %

CONVERSION
PROBABILITIES (°/0) MEAN MEAN
SECONDS IN THE MISSILE LAUNCH FIRING NOBEMAL
ZONE 2 3 2 3 ERROR  {ACCELERATIOR
(DEGREES)

AZIMUTH STANDARD DEVIATION OF THE
GAIN , PLACEMENT ERROR (N.M.){ 3 3 16 3
_(RAD.SEC/FT.)

NO_TARGET MANOEUVEE
.0015 100 | 100 {100 | 100
ORIGINAL VALUE .0060 100 | 100 |100 | 100
.00036 + 367/R LIMIT.0060 100 | 100 {100 | 100
.00018 + 18 3/R LIMIT.0030 100 | 100 {100 | 100
.00036 + 397/R LIMIT.0120 100 | 100 |100 | 100
TARGET WEAVES TO PORT FOR ALL ATTACK

. 0005 0 0 o 0

.0015 100 | 100 {100 | 100

.0030 100 { 100 {100 | 100

ORIGINAL VALUE .0060 100 | 100 {100 | 100
.0120 100 | 100 |100 | 100

.00036 + 367/R LIMIT.O0060 100 | 100 |100 | 100
.00018 + 183/R 1IMIT.0030 100 | 100 [100 { 100
.00036_+ 367/R.LIMIT.0120 100 | 100 {100 [ 100
TARGET WEAVES TO. STARBOARD FOR ALL ATTACKS

.0006 98 = o6 | 84 82

.0015 100 | 100 {100 | 100
.0030 100 | 100 {100 | 100
ORIGINAL VALUE .0060 100 | 100 {100 | 100
.0120 100 { 77 |100 | 88

.00036 + 367/R, 1IMIT.0060 100 | 100 |100 | 100
.00018 + 187/R,LIMIT.OOBO 100 | 100 {100 | 100
.00036_+ 3067/R,LIMIT.0120 100 | 100 1100 | 100
MEAN TARGET MANOEUVRE
.0006 49 1 48 | 42 | 41
.0015 100 | 100 }100 | 100
.0030 100 | 100 {100 | 100

ORIGINAL VALUE .0060 100 | 100 {100 | 100
.0120 100 | 89 |100 | 94
.00036 + 367/ 1IMIT.0060 100 | 100 {100 | 100
.00018 + 183/R,LIMIT.0030 100 | 100 |100 | 100
.00036,_+ 367/R.LIMIT .0120 100 | 100 [100 | 100
BEST TARGET EVASIVE MANOEUVRE
i.e. MINIMUM PROBABILITY AGAINST WEAVING TARGET

.0006 0 [0 0
.0015 100 |,100%[160 | 100
.0030 1001 ¥100% j100 | 100
ORIGINAL VALUE .0060 ‘B0 |00 | 100
.0120 € 100 | 88
.00036 + 307/R LIMIT.0060 e\ 100 | 100 SECRET,
00018 + 183/r 11MTT.0030 B 100 | 100
.00036_+ 357/ 1LIMIT.0120 ® 100 | 100
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TAELE 5 TAIL ATTACK

Initial Interceptor Mach No

Target Mach No. = 1.2

Manoeuvre is Alternate 90° Turns at 1.5 'g'
Tnitial Ranges = %/3 x Fig.l. Values

CONVERSION TN TR
PROBABILITY (°/0) FIRING | NORMAL
SECONDS 1IN THE MISSILE LAUNCH 5 3 ERROR  |ACCELERATION
ZONE DEGREES)
AZIMUTE STANDAED DEVIATION OF
GAIN HE PLACEMENT ERROR 3 3 3
(RAD.SEC/FT) (N.M.)

NO TARGET MANOEUVRE
: 100 100
ORIGINAL VAZIUE . 100 100
.00036 + 307/R,LIMIT . 100 100
.00018 + 183/R,LIMIT . 100 100
.00036 + 367/R,LIMIT . 100 100
TARGET WEAVES TO PORT FOR ALL A
i.e. MBAN TARGET MANOFUVRE
97 94
100 100
100 100
ORIGINAL VALUE . 100 100
. 100 100
.00036 + J07/R,LIMIT . 100 100
00018 + 183/ LIMIT . 100 100
.00036 + 367/R,LIMIT . 100 100
BEST TARGET EVASIVE MANOBUVEE
5 .e. MINIMUM PROBABILITY AGATNST WEAVING TARGET
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%@% TABLE 6 HEAD—ON ATTACK

Initial Interceptor Mach No. = 1.54%
Target Mach No. = 1.2 RS
Manoeuvre is Alternate 90° Turn B org!
initial Renges = 2/3 x Fig. 1. Values

CONVERSION AN TN
PROBABILITY (°/0) FIRING NORMAL

' SECONDS IN THE MISSILE LAUNCH 3 ERROR | ACCELERATION
ZONE. 2 ( DEGREES)

AZIMUTH \STANDARD DEVIATION
GAIN F THE PLACEMENT ERROR 3 3 3
(RAD.SEC/FT.) - (N.M.)

NO TARGET MANOLUVRE

.0015 96 90 4

ORIGINAL VALUE .0060 100 100 0
.00036 + 367/R,LIMIT .0060 100 100 0
1

1

.00018 + 183/R LIMIT .0030 100 100
00036 + 367/R.LIMIT .0120 100 100

RNt v

TARGET WEAVES TO PORT FOR ALL ATTAC
i.e. MEAN TARGET MANOEUVEE

5,

.0006 11 9 11.
.0015 11 9 19.
.0030 100 100
ORIGINAL VALUE  .0060 98 98
.0120 92 85
.00036 + %SE/R,LIMIT .0060 % 92
.00018 + R,LIMIT .0030 99 99
.00036 + °T/R.LIMIT .0120 99 99
BEST TARGET EVASIVE MANOEGVRE
i.e. MINIMUM PROBABILITY AGAINST WEAVING TARGET
.0006
.0015
.0030
ORIGINAL VALUE  .0060
.0120
.00036 + 367/R LIMIT .0060
.00018 + 183/r LIMIT .0030
.00036_+ 367/5 LIMIT .0120
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TABLE 7 ATTACK FROM PORT BEAM

Initial Interceptor Mach No. = 1.5
Terget Mach No. = 1.2

Manoeuvre is Alternate 90° Turns a
Initial Ranges = %/3 x Fig.l. Val

PROBABILITY (°/o) FIRING | NOEMAL
SECONDS 1N THE MISSILE LAUNCH 5 5 ERROR  [\CCELERATION
ZONE (DEGREES)

AZIMUTESTANDARD DEVIATION OF
GAIN THE PLACEMENT ERROR 3 3 3
(RAD,SEC/FT) . _(N.M.)

TARGET MANOEUVEE
.0015 100 100
ORIGINAL VALUE  .0060 100 100
.00036 + 367/R,LIMIT .0060 100 100
.00018 + 183/p 1IMIT .0030 100 100
.00036_+ 367/r LIMIT .0120 100 100
TARGET WEAVES TO PORT FOR ALL ATTAC
.0006 0 0 16.
.0015 0 0 25.
.0030 100 100 12.
ORIGINAL VALUE  .0060 100 100
.0120 100 100
.00036 + 367/R, LIMIT 0060 100 100
.00018 + 183/R LIMIT .0030 100 100
.00036_+ 30T/R LIMIT .0120 100 100
TARGET WEAVES TO _STAFBOAERD FOR ALL ATT
.0006 Y 83
.0015 99 99
.0030 95 85
ORIGINAL VALUE  .0060 100 100
367 .0120 100 100
.00036 + 2°7/R, LIMIT .0060 100 100
.00018 + 183/R LTMIT .0030 99 %
.00036 + 367/R,LIMIT .0120 100 100
MEAN TARGET MANORUVRE
.0006 42 42
.0015 50 50
.0030 98 8,
ORIGINAL VALUE  .0060 100 100
o .0120 100 100
.00036 + 3°7/R,LIMIT .0060 100 100
.00018 + 183/r 1IMIT .0030 100 97
.00036_+ 307/R LIMIT .0120 100 100
BEST TARGET LVASIVE MANOEUVRE,
i.e. MINIMUM PROBABILITY AGAINST WEAVING TARGET
.0006
.0015
.0030
ORIGINAL VALUE  .0060
.0120
.00036 + 207/R LIMIT .0060
.00018 + 182/R,LIMIT .0030
.00036 _+ 367/R LIMIT .0120
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TABLE 9 HEAD-ON ATTACK

Initial Interceptor Mach NE

Target Mach No. = 1.8 -

Manoeuvre is Alternate 90° Turns at 1.5 'g!
Initial Ranges as Fig.l.

CONVERSION - p—
PROBABILITY (/) F?gégG Nogiﬁg
SECONDS IN THE MISSILE LAUNCH > | 3 - ERROR  |ACCELERATION
ZONT (DEGREES)
AZIMUTH STANDARD DEVIATION OF
GATN THF, PLACTHMENT ERROR 31 3 6 3
(RAD,STC/FT. ) (1.14.)

10_TARGET MANOGUVRE

.0015 97 90 72 59

ORIGINAL VALUE .0060 100 | 100| 100 | 100

.00036 + 367/R,LIMIT .0060 100| 100 100 | 100

.00018 + 18$/R,LIMIT .0030 100} 100} 100 { 100
.00036_+ 367/

=]

B,LIMIT .0120 100 | 100| 100 | 100
TARGET WEAVES TO PORT FOR AL

i.e. MEAN TARGET MANOEUVRE
.0006 1 1] 12| 1
.0015 20| 18| 41| 36
.0030 100| 100] 94| 93
ORIGINAL VALUE  .0060 100 | 100 91| 90
.0120 99l 99| 78| 78
.00036 + 3§7/R,L1MIT .0060 100| 100 92| 91
.00018 + $83/R LIMIT .0030 99| 99| &9 | 89
.00036_+ 307/R.LIMIT .0120 100 | 100| 92| 91
BEST TARGET EVASIVE MANOEUVERE,
i.e. MINIMUM PROBABILITY AGAINST WEAVING TARGET

.0006 1o 0 0 0

.0015 0 0 15) 0
.0030 10| 10| 87| 86
ORIGINAL VALUE  .0060 99| 99| 81| so
.0120 98| 98| 56| 56
.00036 + 307/R LIMIT .0060 9| 99| 8 | &2
.00018 + 383/r TIMIT .0030 991 99| 7| 78
.00036_+ 367/R TIMIT .0120 99| 99l 83| &1
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TABLE 10 ATTACK FROM PORT BEAM

Initial Interceptor Mach No. =
Target Mach No. = 1.8
Manoeuvre is Alternate 90° Tumrm
Initial Ranges as Fig.l.




TABLE 11 HEAD-OH ATTACK

Initial Interceptor Mach No. =
Target Mach No. = 1.8
Manceuvre is Alternate 90° Turn
Initial Ranges as Fig.l.

CONVERSION TEAT VAN
PROBABILITY (°/0) FIRING NORMAL

SECONDS IN THE MISSILE LAUNCH 5 3 ERROR |ACCELERATION

ZONE DEGREES)

W7 IMUTH STANDARD DEVIATION OF

GAIN THE PLACEMENT BRROR 3 3

RAD.SEC/FT.) (N.M.)

TARGET MARO
.0015 100 | 100 100
ORIGINAL VALUE . 0060 100 |100 100
00036 + 367/, LIMIT .0060 100 |100 100
.00018 + 18$/R,L1M1T .0030 100 | 100 100
,00036 + 307/R. LIMIT .0120 100 | 100 100
TARGET WEBAVES TO PORT TOR ALL !

i.e. MEAN TARGET MANOEUVRE
.0006 0 0 0 0
.0015 49 | 30 | 28] 22
.0030 89 78 67 65
ORIGINAL VALUE .0060 43 41 L7 46
B .0120 35 28 42 39
.00036 + 397/R LIMIT .0060 M. | 40 47 45
.00018 + 183/R LIMIT .0030 6 | 57 | 58| 54
00034, + 367/R LIMIT .0120 /2 | 38 | 461 sk
BEST TARGET BVASIVE MANOEUVEE,
{.e. MINIMUM PROBABILITY AGAINST WEAVING TARGET
.0006 0 0 0
.0015 21 | 7 18
.0030 65 56 34
ORIGINAL VALUE .0060 0 0 0
o .0120 0 0 0
.00036 + 367/R LIMIT .0060 0 0 0
1
0

N IR S SR

.00018 + %23 R,LIMIT .0030 33 4|17
/R,LIMIT .0120 0 0

.00036 +
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TABLE 12 ATTACK FECM PORT BEAM
Initial Interceptor Mach No = 1.
Target Mach No., = 1.8
Manoeuvre is Alternate 90° Turns
Initial Ranges as I'ig.l.

CONVERSTON _— _
v - TIEAN AR
PROBABILITIES (©/o0) el o
SHCONDS IR 7Hs MISSILE LAUNCH ERFOR | ACCELLEATION
ZONE =3 g 3 (DEGEEES)

AZDMUTH STANDARD DEVIATICHN
GAIN OF THE PLACEMENT| 3 3 6
(RAD.SEC/FT, SRROR. (N.M.)

" NO_TARGET, MANOBUVER

.0015 90 | 89 74

ORIGINAL VALUE .0060 63| 56| 57
.00036 + 367/R,LIMIT .0060 46| 431 48
.00018 + 183/p 1IMIT .0030 461 43| 43
100036 + 367/R.LIMIT 0120 w6l 431 s
TARGET WEBAVES TO PORT FOR ALL ATTA

.0006 o] o 0 0

.0015 of o 0 0

.0030 100! 2| 100 16

ORIGINAL VALUE .0060 99 | 99| 89| s8
.0120 100 {100 | 100| 100

.00036 + 367/w LIMIT .0060 100 {100 100{ 100
.00018 + lc;/b LIMIT .0030 0{ © 1 !
.00036_+ 367/2 LimiT 0120 100 |100 | 100| 100 :
TARGET WESAVES TO STARBOAED TFOR ALL ATTACK

.0006 .

.0015

.0030 INTERCEPTOR

ORIGINAL VALUE .0060 UFALLS BACK!
.0120 - NO SUCCESS

.00036 + 367/R, LTIMIT .0060
.00018 + 187/R,LIMIT ,0030
.00036 + 367/R LIMIT .0120

B NO

RN EEC Yol )

MEAN TARGET MANOBUVRE
.0006 0 0

.0015 0 0

.0030 50 50

ORIGINAL VALUE .0060 50 45
.0120 50 50 50

.00036 + 367/3 LIMIT .0060 50 50 50
.00018 + 183/F,L1IT .pO30 ol 1 0
.00036_+ 2°7/R LIMIT .0120 50 50 50
BEST TARGET LVASIVE MANOEUVEE

i.e. MINIMUM PROBABILITY AGAINST WEAVING TARGET

.0006 i

.0015

.0030 INTERCEF

ORIGINAL VALUE  .0060 “%;
.0120 §% GCRSS
.00036 + 367/5 LIMIT .0060 SECRET
.00018 + 183/r 11M1T .0030
.00036 + 367/R LIMIT .0120




SECRE™

SECRE

L

CORVERSION MEAN MIEAN
PROBABILITY (°/0) FIRING NORMAL

SICONDS IN THE MISSILE LAURCH 2 3 ERROR | ACOELERATION
' ZONE { DEGREES)

AZIMUTH STANDARD DEVIATION OF
GAIN THE PLACEMENT ERRCR 3 3 3
(RAD.SEC/FT.) (N.M.)

N0 TARGET MANOEUVEE
.0015 98 97
ORIGINAL VALUE .0060 98 98
.00036 + 3°7/R, .0060 97 97
.00018 + lgg/R, .0030 97 97
.00036 _+ 367/R, .0120 97 97
MEAN TARGET MANORUVEE
.0006 23 23
.0015 52 51
.0030 96 88
ORIGINAL VALUEL .0060 9/, 9/
.0120 92 89
.00036 + 307/R, LIMIT .0060 93 93
.00018 + 123 R, LIMIT .0030 85 83
.00036 + 2°7/R, LIMIT ,0120 95 9
BEST TARGET EVASIVE MANOEUVEE
i.e. MINIMUM PROBABILITY AGAINST WEAVING TARGET
.0006 7 7
.0015 m 42
.0030 o1 83
ORIGINAL VALUE .0060 91 90
.0120 86 g1
.00036 + 367/R, LIMIT .0060 87 86
.00018 + 187/3, LIMIT .0030 g1 78
.00036 + 367/R. LIMIT .0120 90 89
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QVERALL VALUES
WEIGHTING 2.

CONVERSION TEAT VRAT
PROBABILITY (°/0) FIRING NORMAL
SECONDS IN THE MISSILE LAUNCH 5 3 5 3 ERROR  HWCCELERATION
ZONE { DEGREES)
AZIMUTH STANDARD DEVIATION OF
GAIN THE PLACEMENT ERROR 3 3 6 6
(BAD.SEC/FT.) (N.M.)

TARGET MANOEUVRE
.0015 99 | 98 | 93 | 91

ORIGINAL VALUE .0060 97 | 97 | 96 | 96
00036 + 367/R, LIMIT .0060 D6 93 96 96
.00018 + 18%/3, LIMIT .0030 95 1 95 | 93 | 93
.00036_+ 367/R, LIMIT .0120 96 | 96 1 95 | 94
MEAN TARGET MANOEUVRE

~0006 16 | 18 | 20 | 18

.0015 58 | 57 | 64 | 60

.0030 o3 | 83 | g8 | 81

ORIGINAL VALUE .0060 92 | 92 | 88 | 85
) .0120 g1 | 88 | e5 | 81

.00036 + 367/R, LIMIT .0060 92 92 91 89
.00018 + 123/3, LIMIT .0030 750 3| 75 | T
,00036 + 2°7/R. LIMIT .0120 92 | 91 | 92 | 90
BEST TARGET EVASIVE MANOEUVRE

i.e. MINTMUM PROBABILITY AGAINST WEAVING TARGET

.0006 5 5 5 5

.0015 g2 | s1 | 54 | s0

.0030 87 | 76 | 81 | 72

ORIGINAL VALUE .0060 g5 | 85 | 77 | 72
.0120 83 | 78 | 7. | 63

.00036 + 367/R, .0060 85 | 85 | 82 | 79
.00018 + 123/3, .0030 70 | 67 | 65 | 58
00036 + SC7/R, .0120 85 84 | 81 81
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