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INTRODUCTION

The Bureau of Aeronautics has contracted with Westinghouse, Alr Amm
Divigion, for anslytical services to be used in a study to establish the
tactical use capability of the FThil=l and F8U-3 Weapon Systems. This
gtudy is conducted under the technical direction of the Naval Research
laboratory with all inputs derived from Navy sources. Westinghouse,
using these inputs, will submit analytical results to the Navy. Recom= |
mendations and conclusions to be drawn from analytical results are assumed |
to be a Navy responaibility and in particular the respoasibility of the
technical directors (NRL). This report is the third in a series devoted
toward carrying out this responsibllity.

In Volumes I & II of this series, the results of the first half
of the study effort covered by the current contract were presented.
The data presented in this report, alnng with supporting material pre-
sented ia Volumes IV through VIII represents the romaining study effert
for the current contract.

As the current study program progressed, it became obvious that meny
of the critical areas of thz? weapon systems could not be analyzed in
detail. Among the reasons are: l) emergence of sensitive areas as a
result of the study to date, 2) lack of input data required for investige
ation of sensitive areas, 35 time required to investigate additional
sensitive areas, and 4) increased financial support required. Much work
remains to be done. Because of this, negotiastions are currently underway
to extend the study contuact for an additional year. NRL believes that it
is imperative that this extension be approved., The study results to date
huave and are being used by the Bureau in making decisions on haydware
development. They are belng used as inputs for design and development of
long lead time items, The contractors involved in syctem development are
using these atudy results as gulide lines for their own study efforts. Last,
but most important of all, 1ls the fact that for the first time in the
history of eir-to-alr weapon systems, tlie Bureau of Aeronautics and their
agsociates have an estimete, based on Navy inputs, of the tactical use
capability of a proposad system prior to the time of military tests.

The Navy study has and will continue to be a cooperative effort.
Wherever possible, duplication has becn avoided. Input data for the study
has been obtained from the government facilities which most loglcally would
cover the particular field. For example, radar test data was obtained from
NATC, Patuxent, Sidewinder performance data has been obtained from NOTS,
Inyokern, and seeker performance data was obtained from NAMIC, Pt. Mugu.

In addition, the facllities of the various activities have been, in effect,
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pooled in order that speciel talents and equipments can be employed.

The results of NAMIC, Pt. Mugu simulato? studiea tc ascertain the allowe-
able launch error for Sparrow III and the effects of hydraullc oil limits
have been incorporated in the overall study. In addition, Pt. Mugu

is currently conducting flight tests to determine tactical doctrine to be
employed during the vectoring phase. This work will be incorporated in
the extended phase of the Navy's study. The results of NOTS, Inyokern
studles on Bidewinder have béen utilized. It is very important that
everyone concerned recognize that a study such as this must be a team
effort. It is every bit as important to continue this team effort in
the extended study program.

The material contained in this memorandum is intended primarily
for Bureau information. As agreed during the contract negotiation phase,
except for government activities all distribution will be handled through
the Bureau channels.

STUDY PROCEDURE

The basie¢ outline for the Navy's study was given in Volume I.
It will be repeated here for quick reference and for clarification of
changes which have occurred during the program. Table I gives this
outline of the Navy's sair-to=-air missile study program. Aa originally
planned, the outline was intended to be a general guide having flexible
elements in order that additionally needed study areas which daveloped
as the study progressed, could be included 1f desired. A second
investigation, considered separate for contractusl reasons, was planned
to be essentially a repeat for the Sparrcw II missile of Phases I to V
of the vasic study, The 3parrow II study and Phase VIII of Table I were
poatponed in order that more pressing problems could be investigated.
It 1is proposed that the tactical use capability of alternate guidance
techniques he investigated in the extended study progranm.

2 CONFIDENTIAL




TABLE I

OUrLINE OF NAVY AIR-TO-AIR MISSILE SYSTEM STUDY PROGRAM

PHASE I S8ystem Parformance Under Ideal Conditions

A,

B.

c.

D.

E.

Airoraft Characteristics

1., FhH-1
20 Fau-a

Atitudes (co-altitude . ige)
1. 1000 feet or less

2. 30,000 feet

3. 50,000 feet

Interceptor Velocity

1. T4E-1 at altitude ﬁvu & Voruis ;
2. FOU-3 st altitude (Vpax & Voruise

Target to interceptor apeed ratio for interceptor at Viax

10 o.us
2. 0.8 }Some cases may be trivial and will not be used
3l 1-0

Target speed resul.ing from above will be used for inter-

Conditions

1. Perfect vectoring
7. BStraight line flight path

3. Current AI detection capability
k, B-LT size target
5. Preparation time - two cases determined by study
6. Sparrow III - capability of current seeker is to be usad
7. Sparrow III - sevodynamic capability of current missile
is to bz used
8. Gimdal angle limits in F4H-1 and FOU-3 aircratt
a. AFPQ-TZ
b. Seeker
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9. Illumination consideration - Geometry cf
keeping both target and missile illuminated.
Illunination requirements to be determined by
gtudy.

PHASE II System Snap-up Performance Under Ideal Conditions
A. A, C, D, and E ~ same as Phase I
B. Altitudes (snape-up case)

1. Target
a, 30,000 feet
b. 50,000 feet
¢. 65,000 feet

2. Interceptor Altitudz - To be determined by
study of system capability.

PHASE III | Systen Performance Under Expected Tactical Conditions
A. Target meneuver
B. Vectoring accuracy
C. Weather
D. Limlits imposed by interceptor tactles
l. Climb capability
2. Endurance
3. Dead time
E. Countermeasures

l. Airborme weapons system

PHASE IV System Performance Under Expected Tactical Conditions
With Addition of Currently Proposed Improvements

b A. Imgrovements proposed:

1. Sea.:;ch Yolume optimization

L CONFIDENTIAL
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FHASE V

PHASE VI
PRASE VII
PHASE VIII
PHASE IX

9.
10.
1l.
2,
13.

Ak,

Triangle system vectoring
Automatic alarm
Improved receivex noise figure
Back-biased range and display TF amplifier with broad-
band switching §
Gated narrowband angle track IF amplifier (home on jam)
Bright display
Provision for switching polarization (eircular and
vertical)

Broad banding of the plumbing
Jittered PRF
Antenna with high altitude feed
Improved two-speed AFC
Relocation of CW injection plumbing to increase gimbal
angle in elevation
Nonsaturating AGC

Study to determine and assess realizable system lmprovements

A. AI Radar

B. Missile

C. Vectoring

D, Tactics

Study of IR tie-in with the fire control system

Performance capability of Sparrow III with an IR seeker

Sparrow X performance capability

Repeat study Phase I through Phase VI for the Sidewlnder
1-B and 1-C
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As listed in Volume I, & working framework for the study, which
consists of six parts, has been constructed against which the perfor-
mance of each system combination is analyzed. This framework is re-
peated here:

Fart 1: Development of effective theoretical co-altitudae
attack zones under ideal conditions.

Part 2: Development of effective theoretical non co-altitude
attack rones under ideal conditions.

Part 3: Development of effective theoretical attack zones in
the presence of the degradation of expected tactical
conditions. .

Part 4: Repeat Part 3 for possible improvements to the systems

which are being considered by the Navy.

Part 5: B8tudy to determine and assess realizable improvements.

Part 6: Study of infrared (IR) tie-in for AI fire control
sys enms.

The material presented in Volume I of this memorandum was grouped
to it shis framework. Most of this material will not be presented here.
Howevey, new results will be fitted into the appropriate phase in the
framevork.

F4E-1 and F8U-3 WEAPON SYSTEMS PERFORMANCE UNDER IDEAL CONDITIONS - INFUT
DATA

The system analysis under "ideal" conditions, which was started in

Volume I, is continued here. As stated in Volume I, the resulting per-
formance vill indicate a capability representative of the best that can
be achieved with high probabllity. The target is nonmaneuvering and the
vectoring is perfect. However "ideal" should be interpreted in a limited
sense, since the performance of the weapon system subelements is defined
by reslizable rather than infinite quantities.

Radar o8
In Voliw= I, the paramsters of the €2 lot AN/APQ-T2 radar were
given. Attecn zones resulting from the use of this radar were presented

for high altitude targets., Analysis of the low altitude case was not
presented benausa of the lack of data. ILimited data is now available
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On the low altitude performance of the AN/APQ-50 (sams as radar of 62
lot AN/AFQ-T2). Figure 1 gives t.s results of low altitude testsl con-
ducted by NATC, Patuxent using the AN/AFQ-50 against an FRH-2 target,
head-on aspect. The 85% probability of detection range (7.2 n.mi.) will
be extrapolated to & B-47 size target and used to develop the effective
attack zones presented later in the report. Figure 2 is a copy from
Volume I of theoretical range calculations on the low altitude verform-
ance of the 62 lot AN/APQ-72 radar., A discussion of the correliation
between these two curves will be given later in the report.

To date, differences in radar performance in a two-seat aircraft
(F4H-1) and a single-ssat aircraft (FSU-3) has not been included in this
study. To date only educated guesses exist on this diffcrence. The
general opinion is that there will be about 12¢ renge improvement in
the two-seat system. This is not supported by test date and for this
resison has not been considered in detall. As far as the improved sys-
tems are concerned, there are many who feel that an optimized systenm
for the single-seat application will yield as good performance as one
for the two-seat application.

Aircraft Apelyses

In Volume I all attack zones were genersted using FiH-1 character-
istics, 8ince the preparation of Volume T, complete data has become
available on the F8U-3. While the F8U-3 has & power plant which yields
a maximum speed capability greater than that of the FlH-1, the aircraft
and its auxiliaries are oniy guaranteed for M 2.0 operation. Using a
constant pover setting equivalent to M 2.0 the results obtained for the
F8U-3 are esscntially the same as for the FhH-1 (within the limits of
this study) for the co-altitude attacks. As shown in Volume V, the ad-
vantages gained by the PLH-1 through higher performance in acceleration
is offset by the greater maneuverability of the FSU-3. However, there
will be a significant difference in snap-up capability due to the greater
altitude capability of the F8U-3, Effective attack zones demonstrating
these facts are presented later in this report. As stated previously, a
detailed study of system performance due to differences in radar perfor-
mance in a two-seat alreraft versus a single-seat aircraft has not been
included in the study to date. The performeance data for the F8U-3 is
given in Appendix I, Volume IV of the report. A comparison of the charac-
teristics of these two aircraft are given in Volume V of this report.

Missile Analyses

Data describing the performance of the Sparrow III missile was given
in Volumes I and II of this report. Additicnal data required at that time
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consisted of contours outlining the hydraulic oil limits o} the current
mizsile, Figures 3 and 4 give overlays developed by NAMIC® which depict
the effect of the hydraulic wing servo system performance on this missile.
These curves indicate that against a nonmaneuvering target, the hydraulice
available should ot limit the Sparrow III performance vhen used in co-
altitude attacks. On these figures, curve C represents the maximum inter-
lock range, curve E the hydraulics oil limit range, and curve M the range
for M 2.0 minsile velocity at intercept. The maximum renge interlock
curve given here is sctually a combination of mechanized maximum interliock
and the 6.5 n.mi, interlock. Examination of these curves show that if the
maximum interlock renge was increased to more closely approximate the
maximum range curve (M) hydraulic oil consumption might become a problem,
aespecially at 50,000 feet altitude.

PHASE I - SYSTEN PERPORMANCE UNDBR IDEAL CONDITIONS - HORIZONTAL ATTACKS

In Volume I of this report the results of investigations conducted
to determine the effective attack zones for the FLH-1 Weapon System in
horizontal attacks under "ideal" conditionas were presented. As stated
previously, vhen the F8U-3 is limited tc a power setting equivalent to
M 2.0, the results using both aircraft are essentially identical (see
Volune V). Therefors all curves of Volume I relating to co-sltitude
attacks shold now be considered representative of the results which would
be obtained with either aircraft,

At the time Volume I was writisn the work remaining was,

(a) investigation of the effactive attack zones under low alti-
tude conditions,

(b) investigation of the hydraulic oil limit effects on system
performance, and

(c) investigation of the effect of accelerating the interceptor
toward vmx in those cases where the sttack began at Vv oruige’

Ttem (b) asove wvas discussed in the preceding section. The result is that .
hydraulics do not represent a limiv against a nonmaneuvering co-altitude
target.

Attack Zones

Figures 5 thru 7 give the resulting effective attack zones for 1000
feet altitude attacks., The AI radar detection data was obtained by scaling

8 CONFIDENTIAL
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the 85% detection capability of the AN/APQ-50 (Fig. 1) to & B=4T size
target and degrading it 10 ab for field degradation. While the date
represented by Mg, 1 is very limited (very little known about the
clutter conditions) and represents & non-co-altitude attack, it is the
best data available at the present time. The Buresu of Aeronsautics is
currently planning a series of tests at RATC against the actuasl target
ol interest. As soon as this data is availsble it will be incorporated
in these results,

Referring to Fig. 5, it is seen that against a B-U47 size target, the
head-on detection range is 6.1 n.mi. Comparing this to the theoretical
ealowlations of Fig. 2, it is seen that this corresponds to & co-altitude
attack occurring at 5000 feet. Here again, the results of Fig. 2 are
questionable since little is known about the correct valus to use for the
surface reflective coefficient., Because of the nature of the original
tests, it is belived that the AI rader data used for these low altitude
cases 1s optimistic.

The contours describing the effective attack zones of Figs. 5 thru
7 are curve A (85% probability of AI detection mange), curve B (AI lock-on
range), curve C (Bperrow III maximum serodynamic rangs), ocurve D (Spar-
rov IIT minimum serodynamic range), ocurve E (constant load factor loci
Ny = 3), curve F (90% Sparrov III seeker lock-on rangs), and curve G
6.5 n.mi. interlock range).

Referring to Fig. 5, it is seen that for the conditions of Vi /VF -]
and Vp = V.., there is essentially no forward hemisphere capability even
for this "ma.l" situation when 85% to 90% probability of success is as-
signed to each barrier. If & 10 second lock-on time is used, the zone
forwvard of 60° off the target's nose is virtually eliminated. The usable
zone 18 thus restricted to 60° off the target's nose and aft. The usable
approach courses are those between 30° off the target's nose and 70° oft
the target's nose. The resulting attack zone is that bound by the heavy
line. The limits from which this line results are AI lock-on range,
Sparrow III maximum areodynamic range, Sparrow III minimum aerodynamic
range and the range at which the losd factor (Nz) on the interceptor
equals 3. It should be noted that the same seeker lock-on contour pre-
sented in the overlays for 50,000 feet and 30,000 feet altitude is pre-
sented on thede overlays for 1000 feet altitude.  lIack 6f sesker perfor-
mance data at this altitude precludes the use of & more realistic seekar
lock-on contour.

One very important factor should not be overlooked at this point.
While under the "ideal" situation no errors exist, additional time over
the 10 seconds used will be required to pettle out errors in the actual
tactical situation. The magnitude of this time is variable and depends
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upon closing rate, aspect angle, etc. As was shown in Volume I, for
forward hemisphere attacke,; this time veries dbetwean 10 &nd 20 seconda.

If a curve is drawn through the 27 second points (selected as & mean value)
on the overlsy of Fig. 5, it is seen that except for a very small zone

aft of the beam, the effective zone is eliminated. It 18 very intereating
to note that the small remsining zone can be entered only through & corridor
10° wide or from angles off the nose of the targat between 60° and 70°.

Figure 6 gives the effective attack zone for the case of Vp/Vp = 0.8
and Vp = Vpgy. Since there is a speed advantage, around-the«clock approach
courses can be used., In addition, the usable effective attack zone has been
increased in the forward hemisphere Que to the reduced closure rate. The
effeact of the reduced closure rate is to increase Al detection thus in-
crease the range at which lock=on occurs and to reduce the minimum aero-~
dynamic range (Fmin). The limiting parameters are the same as those of
Fig. 5 except that the N, = 3 curve does not result in a limit,

The effective attack zones for the 1000 feet co=altitude attack
vhere Vr/Vp = 0.45 and Vp = is given by Fig. 7. As in the case given
by Pig. 6, around-the-clock attacks are possible. Bssentially all of the
maxinmum aerodynamic renge is now utilized. Except for a very small region
around 20° off the target's nose, the lock-on range does not represent a
limit. The 3 g contour is now reduced to the point where it is no longer a
limit.

Comparison of the three polar plots given in Figs. 5 thru 7 illus-~
trate that;

(1) Even under "ideal" conditions and using optimistic
detection ranges, high spsed engagementa result in essentially no
attack capebility for high probability of success.

(2) when additionsl time is added to reduce vectoring errors,
even the use of Vp/Vp = 0.8 will be extremely marginal. No forward hemi-
sphere capability exists.

(3?& As the relative closure rate is reduced to the case of

Vp/Vp = 0.45, the effect of the delay required to lock-on is reduced.
However, wvhen the preparation time comparable to that required in the
tactical situstion is employed, the forward hemisphere capability ias wiped
out.

10 CORFIDENTIAL




In addition to the attack zones described above, much additional
valuable information relating to parameter vexiation can be obtained from
the computer generated courses, Samples of the parameter variations are
given in Volume I. Figures 6a thru Sm of this report give additional plots
of the parmmeters involved, Two new plots different from those of
Volume I are given here (i, and A;). These quantities represent the
antenna rates in sirframe coordinates while uy and w, values given in
Volume I and here in this volume are antenna rates 13 space coordinates.
Parameter plots for all courses investigated in tne study to date are
given in Velumes VII end VILT.

The parsmeter plots of Figs. 6a thru 6a give the rusults
obtained for 1000 feet. co-alt!tude attacks where Vp/Vp = 0.8, The para-
meters axre defined as follows:
= lead angle in azimuth

= lead angle in elevation

= total lead angle in the plane of action

e

de

A

‘T = angle between target velocity vector end the line of
sight messured from the nose of ithe target

LII

= angle between the target velocity vector and the inter-
ceptor velocity vector measured from the nose of the
target

wy = angular rate of the line of sight in the elevation
plane of the antenna system (space coordinates)

@y = angulsr rate of the line of cight in the azimuth plane
of the antenna system (space coordinates)

L/y = load factor

¢ = roll angle

Vp = speed of the interceptor

¢ = angle of attack

;‘; = azimuth antenna rates in airframe coordinates

JL; = glevation antenna rates in airfreme ccordinates
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On the courses pressnted, A, B, C and D correspond to the maxirum serc=
dynamic range of the misalle Pmax)’ the minimum aercdynamic range of tho
miesile (Ryyp), losd factor Ly = 3, and impact for a misslle fired at

Rpyp respectively., Figure gives plots of )\, versus range for the runs
corresponding to those of Fig, 6. For all coursea, conversion to successful
attacks could be m‘é }‘a varies between «26 degrees at the beginning of
the runs and 0 to =10 in the vicinity of minimum aerodynamic range.

Figure 6b glves plots of elevation lead angle (Ae) versus range.
The case of T = 60° gives the largest elevation gimbol angle during the
portion of the run that is of intersst. As shown on the figure, the
elevation gimbal angle for this case varies from =6.5° to 24°, Of course
the situation will deteriorste as one deviates from the perfectly vectored
situation to one representative of the tactical situation.

Total leed angle (\) versus range is plotted on Fig. 6¢c. These
curves show the combined effects of Figs. 6a and 6b. Figure 64 gives
the angle off the target's nose (-7”) as a function of range for the
various approach courses, Figure 6e shows the hecding angle (¥ ) versus
range.

The azimuth antenna rates in space coordinates (“’k) for the courses
of Fig. 6 are uhwg on Mg. 6f. Here again, the rate gets largest for
the case of T"= 60°. For this case uy varies from 0.5 deg/sec at the start
of the run to 1.5 deg/sec in the vicinity of ﬁ‘n' The elevation antenna
rates in space coordinates (wiy) are shown on Fig. 6g. Again the higheat
retes are encountered on thet = 60° case. Here the elevation antenna
rate varies from zero deg/sec to 7.5 deg/sec in the region of interest.
The corresponding antenna rates in airframe coordinates are shown on
Figs. 61 thru 6o, i

The load factor (Uw)= variation is shown on Fig. 6h. On the attack
zone overlays of Figs. 5, 6 and 7 one of the limiting conditions is that
resulting from 1/,, = 3. As seen on Fig. §n, L/y = 3 is encountered on the
course origina.tmg at 77 = 30° and “T' = 60" and occurs at approximstely
5000 feet on the runs. Figure 61 gives the roll angle (¢) versus ranges. As
can be seeqn from this figure, even in the perfect situation roll angles as
high as 75  are encountered during the approach course. Figure 6J shows the
fighter velocity (Vp) during the runs. These curves illustrate the slow-
down resulting from a lead pursult run. The curves of Fig. 6k give the angle
of attack (@ ) versus time. For the’T” = 30° and 60° cases, the angle of
attack builds up quite rapidly.
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In Volume I polar plots were given for attacks started with
the interceptcr operating under Vaomise conditions. The lower interw
ceptor speseds wers chosen to study the possible system improvement as
a result of lover closing velocity. Mgures 8 thru 10 are a continue
ation of this investigation. The attack occurs at 1000 feet altitude.
The interceptor is assumsd to be at Voruige At detection and continues
at Voputae Hliroughout the engagement. The result is greater detection
ranges and reduced effects of preparation time in the forward hemisphere.
These factors are illustrated by Fig. 8 where Vp = Vopyige 8nd Vp = 1189
ft/uec. Comparing the overlays of this figure to those of Fig. 5, it is \
seen that the headmon detection range for 85% probability has been ‘
{noressed from 6,1 n.mi. to 6.6 n.mi, and the 10 second lock-on point
hvas moved out in range from 2 n.mi, to 3.75 n.mi. In Flg. 5 it ia seen
that the sone forward of GO° is unusable because of lockeon time.
This restriction {8 no longer present for the conditions of Fg. 8.
Huvev * atiscka miat originate forward of U2° off the target's nose,
Figures Y snd 10 ive polar plots for reduced target speeds,

The study of “he case of an interceptor beginning an attack

under Vo igq toiditions is not complete at this point. The overlays
given tnr%!m I and by Figs. 8 thru 10 assume that the interceptor
atorts the run at Vo ige &nd continues through the engagement under
Vapuige ctonditions. The obvious question ia, "What happens when the intere
copnﬁ‘or {s alloved to accelerate after detection ocours?" The ansver is,
"“The acceleration times involved are such that very little improvement
is obtained sepecially when a high speed target is involved." Figure 11
gives the case of a lead pursult co=altitude attack occurring at 50,000 ft.
The fighter begins the runs at V,,.,45e (573 ft/sec) and accelerates toward
\/ after detection. The target speed is 1940 ﬁ:/sec. The improvement

ized can be seen by comparing this figure to Fig. 2 of Volume I. As
would be expected a slight increase in allowable approach aspect occurs
(fxrom 450 off the target's nose to 50° off the target's nose). The effactive
attack zone is essentlally unchanged. Figure 12 gives the results of
attacks made by the same accelerating fighter against a slower target
(1552 ft/sec). Agsin there is a minor improvement in allowable approach
angle,

The curve overlays of Fig. 13 show the results of the accelerating
interceptor attacking a target having a speed equivalent to the interceptor's
Voruise Sondition. Comparing this to Fig. 30 of Volume I, it is seen that
a ;nujor improvement in allowable approach course 1s realized (from TO off
the target's nose to 180° off the target's nose), However, the times required
to close range to Ryax On courses originating from 90° off the target's nose

aft are very high (250 seconds and higher).
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The curve overlaya of Figs., 1k thru 16 are a repeat of this in-
vestigation described above but for attacks ccocurring at 30,000 feet.
The results are essentially the same a8 given above.

Remaining Study

The remaining study effort required for the completion of the
co=altitude attack under "ideal" conditions involves further anslyses
of the 1000 feet altitude case. The data presented in this report is
believed to be optimistic for current raders. As soon as aufficient
test data becomes available, the attack zone overlays should be modified.

Throughout the co=altitude analyses to date, equal redar perform-
snce 1is considered to exist for either the XIA and XIB systems. If
tests do prove that there is a significant improvement in performance of
the rader in one application versus the other, the results of this etudy
should be modified to include this improvement. However, if the improve-
ment of Al radar performance is only 12% as is currently estimsted, the
difference in tactical use capability will be minor. This will be dis-
cussed later in the section on probability of successful arrival to
missile launch.

PHASE II - SYSTEM CAPABILITIES FOR PULL~-UP ATTACK UNDER IDEAL CORDITIONS

In Volume I of this study the pull=up capabilities of the systenm
undor "ideal" conditions were dsscribed. The curves presented were
labeled FLH-1. As will be shown later, if the F&U-3 iz restricted to
M 2.0 top sustained speed, the system using this sircraft will yleld
performance which rfor all preactical purposes is identical except for a
difference in altitude capability. Thus thasse curves with slight modifice
ation should be interpreted to apply to either system.

At the time of publication of Volume I, parameter variations for
the courses investigated were not available. Since this time these
paremeter variations have been developed and are presented here,

Conditions

The conditions of this investigation are as follows:

(a) Adrcraft charecteristics - FiH.l, F8U-3

(b) Target altitudes - 30,000 feet, 50,000 feet, and 65,000 feet
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(¢) Intercaptor altitudes - as capable from below

(4) Reflective ares = B=U7 size t-rget, assumed tha same
as for zo=aliitude case.

(e) Velocities = intoxceptor velocity at htitude, Vanax and
Veruise

(£) Target to interceptor speed ratios for interceptor at
\; - 0.45, 0.8, 1.0. Resulting target speeds from
above also used for interceptor at V,.,ige*

(g) Perfect vectoring

(h) Straight line flight path (target)

(1) Current AI detection capability - 85% probability
(J) Time from detection to lock=on = 10 seconds

(k) Seeker capability =« current Sparrow III

(1) Missile aervdynamica - current Sparrow III

(m) Gimbal sagle limitations of curreat AN/APQ72 rodar -
¥ 11° astmuth, + ur°, - 38° elevetion.

(n) Interceptor restricted to 3 g pull=up or Cyp,y during
tracking portion of the zun

(o) Allowable heading error for launching Sparrow III - 10°,

A lead pursult course is maintained by the interceptor after
launch to provide illumination of the target. If the acceleration require-
ments of the course excecd the capablility of the interceptor a Cp,,, course
is flowm. At impact it is assumed that the interceptor is maneuvered
80 that the 1lift vector and the gravity vector are working together
(rapidly redirecting the interceptor downward). To date the recovery prob-
problem has received only superficial coverage. The investigation of
recovery was dopne separately from the actual computer runs as explained above
and deotailed in Appendix II of Volume IV. On the computer runs the interceptor
vas alloved to follow a lead pursult run as restricted by Cypgx after impaect.
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This is shown on the parameter plots of Figa. 17a thru 19i. During
this porticn of the xun the 2 g limitation is removed because it

is possible for the pilot to pull more @'s when he is not trying to
Bolve a fire control problem. If during the breakaway portion of the
run, & mindpum L/, of 0.5 ir maintained, the run is considered
successful. Du.ring this portion of the run the acceleration coaditions
must also be such that Cppgy is not exceeded. Details of the method
used 1ln the study are given in Appendix II of Volume IV. Two major
simplifying assumpticons are made. The first ls that the pllot”

can fly a perfect Cymgy coursc. This will yleld optimistic results

23 far as recovery problems are concerned. The second simplification
is that during the criticel part of the recovery maneuver, thrust is
assumed equal to drag. The inaccurccies resulting frum these simplif-
ications cen be resolved only by more exact investigation. However,
the method used represents 4 good first look at the problem.

Attack Zcnes .
Figures 17 through 19 are selected samples of the resulting

usable sttack zones described in Volume I. They are repeated here

for ready reference. Paraneter plots for selected runs from these cases

will be described. Parsmeter plots for all runs are included in

Volumes VII and VIII. The points chosen for presentation here are:

(a) From Mg. 17, the run that originates at 30,000 feet '
fighter altitude and 10 seconds delsy. This illustrates
the case where the error was never reduced to the point
required for successful lsuncaing.

(b) From Fig. 18, the run that originates at 10,000 feet
fighter altitude and 10 seconds deley. This illustrates
the run where recovery becomes a problem.

(¢) From Fig. 19, the run that originates at sea level and
zero delay. This illustrates the case where glmbal
angle becomes a problem.

It should not be interpreted that the authors are presenting these

runs as representative of the expected tactical situation. This ia not
the case. They were merely chosen to show the parameter variations on
rung where specific problems are encountered. On these parameter plots
the pointe where the interceptor encounters various barriers are labeled
as follows:
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© = Fuax
- = Start of Pull-up

[> = Start of Lead Pursuit
K = Impact '

® = Ruin

OOO.CL -CIm

On Mgs. 1T and 18 the velocity of the fighter 1s labeled as M 0.9.
Actually the velocity used corresponds to M 0.9 at 50,000 feet
and was maintained constant for the cther runs.

Mgures 17a thru 171 glve plots of parameter variation for
the run shown on M.g. 17 which originates at 30,00C feet altitude
and 10 seconds delay (€ = lT°). On these runs the target's altitude
was 50,000 feet and 1ts velocity was M 2.0. The interceptor starts
his run at M 0.9 and accelerates toward Vpgx. Figure 17a shows the
range versus time variation. For this particular run Rpay occurred
at 15.5 seconds after detectior. C was encountered 17.5 seconds
after detmrtion or 7.5 secounds after pull-up wes started. On this
ron the interceptor was never able to reach a lead pursult course
unor was it able to close the range to Ryy,. The impact point is not
labeled becanse the interceptor was unable to reduce the error to
10° or lese between tae Rygx and Rpip ranges.

The curve of Fig. 17b shows the variation of elevation gimbal
angle ()e) in degrees as a function of range. As shown, \e varies
between the extremes of -33° and +22° during the run. The hook in
the curve at the end of the run indicates that range is beginning to
increase asgain. Figure 17c glves the elevation antenne rate in
space coordinates (aad) versus range. wj veries between 1 deg/sec
at the time of pull-up to 1l.6 deg/aec at the end of the run.

The angle between the target velocity vector and the inters
ceptor velocity vector weasured from the nose of the target (¥) is
shown on Fig. 17d. It is interesting to note that at the end of the
run the interceptor velocity vector is 104° with respect to the target's
vector. This means that ths interceptor is begimning to fall over on
its back., Icad fector (L/y) as e function of range is shown on Fig. lTe.
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As shown the load factor decremses reapidly toward zero. In the region
where the intereecptor is falling over on its back, the load factor is
reduced to a polit, L/y < 0.5, where recovery will become s problem.
The methoa of recovery analysis ia detailed in Appendix II of Volume IV.

The angle of attack (@) as a function of time is shown by Fig. 17f.
o at the start of the pull-up (10 seconds) is 7° and increases rapidly
to 16°. Flgure 17Tg shows the rapid slow down of the interceptor during
the run. V, at the start of the run is 89k ft/sec, Between detection
and lockeon (10 seconds), the interceptor accelerates to 975 ft/sec.
From this polnt on the slow down is rapid. At the end of the run, the
velocity is down to 340 ft/sec. During the run, the interceptor
climbs from 30,000 feet to approximately 42,000 feet. This variation
is shown by Fig. 1Th. The elevation antenna rate in airframe coordin-
ates (A,.) is shown ou Fig. 1Ti.

. The curves of 18e through 181 give the paremeter variation for
an interceptor starting a pull-up run from 10,000 feet altitude at 10 secs.
after detection against a target flying at 50,000 feet, The target's
velocity is 873 ft/sec. The interceptor starts its run at 673 ft/sec. and
attempts to accelerate toward Vpgy. This run eorresponds to a point on
Fig. 18. Figure 18a shows renge variation as a function of time. As
shown, the interceptor is able to get on a lead pursuit course 12 seconds
after start of pull-up. Rygy is encountered 32 seconds after start of
pull-up. The impact point for a missile launched at Ryay cccurs 4k secs.
after pulle-up,

Figure 18b shows the variation of elevation giumbal angle as a
function of range and is seen to vary from + 28° at pull-up to = 32° at
impact. w4 is shown on Pig. 18c. As shown wy varies from =0.25 deg/sec to
«)L.75 Qeg/sec at impact.

The heading angle of the interceptor is shown on Fig. 18d. It
1s interesting to note that during the later part of the run (at impact
vhere recovery starts) the interceptor is flying nearly vertically (80°).
Referring to Fig. 18e it 15 seen that at the time of impact of the missile,
the load factor is dropping rapidly. The recovery will be a problenm.

Also, as shown on Fig. 18f, it is in this came regionthat o builds up rapidly.
For this case the angle of attack reaches 17° during the run.

Figure 18¢ shows the interceptor plow down during the run. As shown
the interceptor attempts tu accelerate toward Vyex 8t the beglnning of the
run and is sble to get up to 1070 ft/sec. However the decsleration is
quite rapid. At impact the interceptor velocity has fallen to 500 ft/sec.
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Figure 16h shows the interceptor altitude versus range. The interceptor
reaches a maximun altitude of 36,500 feet at impact. XA, 18 shown on
Fig. 181,

Figures 19a thru 191 give corresponding paremeter plots for the run
originating at sea level with pull-up cccurring at detection. For this
case, the initial intexceptor veloeity is 1,212 ft/sec. The target is fly-
ing at 30,000 feet at a velocity of 1,980 ft/sec. The significant point
brought ocul by these plots is shown on Fig. 19b. It is seen that elevation
gimbal angle avallable (- 38°) is exceeded at 25,000 feet rangs. Therefore,
for a system incorporeting the unimproved radar the rest of the run is
meaningless. Referring to Fig. 19e, it is seen tuat if more gimbal angle
were available such that the run could proceed, L/w = 3 would ocour at
15,000 feet range. Siunce the run failed both fram the gimbel angle and
L/y standpoint, the run is obviously a& failure. The portion of the run
from 15,000 feet range to the end of the run for this perticulsr family
of parameter plots is meaningless in the tactical situation, since the
computer was not restrained to Lfy = 3.

Comparison of F8U-3 and F4H-1 Pull-up Capability

As stated previously in the report, the F8U-3 is guaranteed to oper-
ate at Vpay or M 2.0. As is shown in Volume V, the co-altitude performance
of the two systems are essentially the same (neglecting differences in radar
performance). The difference in altitude capability should be reflected in
the ability to attack high altitude, high speed targets in the pull-up mode
of operation., Pull-up attacks againat 65 »000 feet altitude targets were
chosen as the area in which the system performance is most affected by air-
craft limitations. The principal reasons are that this is the region where
the maximum Lfy capability of both interceptors falls below 3, ceiling prob-
lems are encountersd for both aircraft, and aircraft acceleration limits
are encountered. A few selected cases are presented in the following sec-
tions. The major difference between the two systens should occur due to
the difference in altitude capability of the two aircraft, The specific
intent of the following figures is to compare these two aircraft under
pull-up attack conditions,

Figure 20 shows the results of attacking a M 2.0 target at 65,000
feet with the F4H-1 operating at M 2.0 or Vimax and the FOU-3 restrained
to & power setting equivalent to M2.0 in lavel flight, It is seen that
the FUH-1 has an altitude ceiling of 58,000 feet while the F8U-3 has an
altitude ceiling of 62,000 feet. For these curves initial detection range
is that resulting from 50% probability of detection instead of the 85%
probuility of detection used in the preceding investigation. This is done

19 CONPIDENTIAL




in order that there would be attack zones avallable to compare. Comparing
the zones it is seen that except for the altitulde capability difference
the attack zones are essentially the game, For the case of the F4E-l, suc-
cessful pull-up attacks could occur from a differential altitude of 6,000
faet while for the F8U-3 successful attacks could occur from a differential
altitude of 10,000 feet. This is & significant improvement and should not
be overlooked.

Figure 21 gives the resulting performance of the F8U-3 and FLE-1
pull-up runs starting with Vp = N 0.9 against a N 2.0 target at 65,000
feet. Again the runs originate at the 50% probability of detection point.
Although these charts are not complete (full altitude range not investi-
gl.ted) they will suffice for comparison purposes. For example, & run
originating at 45,000 feet and zero time delay results in a minimm error
of 25.2° for the Fil-1 and 26° for the F8U-3. A run originating at 35,000
feet and 10 seconds delay results in a minimm of 14° error for the FhH-1
and 11° error for the F8U-3. The close comparison of results is obvious,

The graphs of Fig. 22 shov the pull-up capability of the FhH-1 and
the F8U-3 flying at M 2,0 or Vppex When attacking a M 0.9 target at 65,000
feet., Comparison of the results shows that the major difference in capa-
bility 1s azain due to the greater altitude capability of the F8U-3. Com-
parisbn of scme of the points shows the minor differences in performsnce.

Figure 23 gives graphs which compare the FUH-1 and F8U-3 when attack-
ing & M 0.9 target at 65,000 feet, Here the interceptor started out at
Voruige 874 accelersted tovard Vp,.. Here again the F8U-3 was restrained
to & maximum speed of M 2,0, These charts, although not complete (complete
altitude range not investigated) do serve to illustrate the minor differ-
ences (neglecting difference in maximm altitude capability) that exist
between these two interceptors. The failures shown occur after severe slow-
down of the interceptor. In early pull-ups, lead pursult is soon achieved,
but loss in velocity results in negative flight path angle rates and larger
errors before arrival at launching range. Although the greater maneuver-
ability of the F8U-3 allows a higher initial pull-up rate and an earlier
achievement of lead pursuit, its greater slowdown causes an earlier loss of
pull-up capabllity. The error at launch range is thus greater for the F8U-3
than for the FiH-l as indicated on Fig. 23 at the zero delay pull-up points.
For long delayed pull-ups, such as the one shown on Fig. 23 at 45,000 feet
and 30 seconds after detection, the attack Quration is short, so that the
differsnce in slowdown is minimired. The more maneuverable FSU-3 reaches
1sunch zange with an error of 8° as compared to 11° for the FiH-1.
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From the above comparison it is obvious that if (1) the F8U-3
is restricted to M 2.0 operation and (2) if the AI detection capebility
is assumed the same for both the FUH-1l and the F8U-3 installations, %he
oaly important difference resulting from the pulleup investigation is
that due to the greater altitude ceiling of the FBU.3. This 1s shown
on the figures described above.

Remaining St

The preceding section described the results of the pull-up
studies for the "ideal" situation. Additional study effort is needed
to reveal the sensitivity of pull-up attacks to approach aspect angle.
For this reason, the extended phase of the study program will include
investigation of several aspect angles other than head-on.

As stated previously, when data becomes available on differences
in AI radar performance between the two systems, these differences
should be included in the study. If the improvement for the two seat
system is only 124, as is estimated, the difference in the study results
will be minox. . This wil) be illustrated later in the section on
probability of successful arrival to missile launch.

The effects of hydraulic oil limits on system pull-up capability
has not been lnvestigated. As stated previously, hydraulics dc not
represent a limit on co=altitude attacks. This is not necessarily the
case for pull-up attacks. Studies conducted by NADC, Johnsville
(different input conditions) indicate that hydraulics are a severe
limitation in pull-up attacks.

PEASE III - Fili=l = FOU-3 WEAPON SYSTEMS PERFORMANCE UNDER EXPECTED
TACTICAL CORDITIONS

The preceding sections have extended the description of results
for the "ideal" situation given previously. in Volume I of this report.
The results given represent the best that one would hope to achieve, with
a high probabllity of success, when certain sources of error are neglected.
It is now of lnterest to look at the degradstion resulting from a more
realistic tactical situation. The degrading factors considered in the
current study program are:
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1. Vectoring accuracy
2. Target maneuver
3. Weather
4. Countermeasures sgainst the airborne weapon systems
5. Limits imposed by lnterceptor tactics
(a) olimb capabiiity
(b) endurence
(¢) desd time

Degradation Caused by Vectoring Accuracy

One lmportant effect of vectoring insccuracy on system perform-
ance is the settling time that results. A preliminary investigation
of this required settling time wes presented in Volume I of the study.
However at that tims sufficient Al detection range intervals had nol
been investigated nor had the pi'ot been restricted to 3 g's during the
run. This preliminary data can now be supplemented.

The input conditions are the same as those of Volume 1 excep®
for the two parameters mentioned above. The vectoring accuracy used (now
verified by simulation studies conducted by NOTS, INYOKERY) are
1 ¢ .=+ 3n.m..in azimth, + 3 n.mi. in range and ¢+ 1 n.mi. in
saititude, A number of range intervals were investigated in order
that the 85% AT detection contour could be approximated. The pilot was
restricted to 3 g's by & positive indication (buzzer).

As shown on the polar plots for the "idesal" co-sltitude attacks,
10 seconds was allowed for converting from detection to lock-on., If
errors exist at lock-on (and they will in the tactical problem), eddit-
ional time - '1l1l be required to reduce these errors to those acceptable
- axy-. _IT missile launching. The same statements of course apply
to the pull-up attacks. The problem then is to resclve this ssttling
time to a value vwhich can ba used in the study.

For 1 ~oses of this study the work was actually divided into
three parts: - .) establishment of allowable launch error for Sparrow III --
This work was done by NAMIC, Pt. Migu and will be discussed in detail latar.
(2) conversion of vectoring insccurecy at detection to a heading inaccuracy
at locke~on and (3) inveastigation of events occurring after lock-on.
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Settling Time Study

A complete description of the investigatlon is given in Appeandix VI
of Volume II and Appendix IV of Volume IV. Bamples of the results ars in-
cluded here, It is importeant to recognize that the purpose of this part
of the study 18 not to derive an exact value of settling time. Rather, it
is to demonstrate to the many doubters that a finite and, in general, large
value of settling time is required. Many pecple have argued that the con-
version from AI detection to missile launch can be accomplished in 3 or 4
seconds, repeatedly. This is not the case in the tactical situation as is
shown by the following examples. The exact value of the gettling time for
each examined run is sutomatically included in the sections later in the
report which describe successful arrival to missile launch.

Figures 24 thru 27 show the results of investigation to convert
vactoring inaccuracy at dstection to heading error at lock-on. The
altitude of the engagement is 30,000 feet. The interceptor velooity
1s 1,897 ft/sec. The interceptor is vectorad on & pure collision course
and continues on this pure collision course to lock-on (believed to be
realistic for present operational conditions). The vectoring errors are
noraally distributed about this pure collision course (constant relative
bearing line) with a 1 sigos value of -~ 3 n.mi. Courses are generated
from this normal distribution and straight lines are flown to lock-on.
The results are given on Table II. These results give us the heading
errors which can be used in investigating events after lock-onm.

TABIE II
CONVERSION OF VECTORING INACCURACY AT DETECTION

TO HEADING ERROR AT LOCK-ON
(Axtitude - 30,000 feet)

Heading Error at AT Radar Lock-on To
Include 85-90% of Cases for the Follow-
. ing Speed Ratios
Appmfge';ﬂ:fg Angle V/Vp = 2.0 | Vo/v = 0.8] vy = 0.45
20 30° 27° 239
30 332 31° 25°
ko 37° 32° 25°
60 b0 37° 26°
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Sanples of the results of the investigation of the settling time
required after lock-on sre shown on Figs., 28 thru 20. The eriteria for
success is that the error c¢an be held within e specified value for
3 veconds. All ruus shown were made et 30,000 feet altitude. The inter-
ceptor velceity 16 Vmayx (1,697 £i/sec). The range at which the runs
started (AI lock-on range) is 10 n.mi, Table III summarizes the results.

TABIE III
SYSTEM SETTLING TIMR REQUIRED AFTER AI BADAR LOCK-ON

(30,000 Feet Altitude-Vp = 1,397 Ft/Sec)

Heading | Cumil.tive Status of Run

Speed | Aspect| Erxexr at| Prowsbility

Ratio Agr;,:.o Lovk=-on | of Healing 8s5% 50% IBM

Vo/Vp | € Error Occur-| Settling Bettling Sattling

R B ance Time Timc Tine

(») (RBAC) (REAC)

1.0 20 20 10 Could not Error re-
reduce duced to 10°
error in 7 Sedconis

1.0 20 30 87 Could not Could not re=
reduce duce error
error below 27°

1.0 40 20 56 Could not Error reduced
reduce to 107 in 11
error seconds

1.0 4 30 T7 Could not Could not re-
reduce duce error
error below 27

0.45 4o 20 & Error re- | Error re~| Error re-

‘ duced to |duced to duced to 100
10°in7 |20° 1n 8 in 6 seconds
saconds secomds

0.45 4o 30 o4 Error Error re~| Zrror ra-
could onlyl duged to | duced to 10°
be re- 10° in 17| 4in 15 Secopds
duced to |secconds
14°
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Referring to the upper left hand curve of Fig. 28 (row 1 of Tadle III)
it is seen that if the requirement is that 85% of the time we must
reduce the error to something leas than the original error, we would
fail. Thus it in the barrier analysis presented by the preceding polar
plots, we require a barrier representative of 85% settling time, we
wowld have & failure. The upper right hand cwrve of this figurs shows
the results of an IBM run. This is an exact solution since on the IBM
runs there is nopllot in the loop. Thus the 50% probability label does
not apply. It 1s on the drawing because on later figures it is used for
corparative purposes.

Referring to Fig. 30, it is seen that the settiing time problem
is somewbat relieved because of the slower target involved. These
rezults are shown by rows 5 and & of Table III. The right hand curves
of Fig. 30 compare the 50% probability results of runs conducted using a
cockpit simulator - REAC combination (pilot in the loop). and IBM runs.
It is interesting to note the close correlation uf results. This is to
be expected, since the human error should be distributed normslly about
the correct solution (5C% probablility).

Allowable Iaunch Error

The next step in the investigation of system settling time is
to determine the allowable launch errors which can be tolerated with the
Sparrovw III and still achieve a satisfactory miss distance. This work
was done by NAMI'C, Pt., Mugu and Figs. 31 thru 42 were taken from their
results3. Tne maximum and minimum ranges on these figures were obtained
from the polar plots presented in Volume I and are determined by AI radsr
lock-on, maximum aerodynamic range and minimum aerodynemi: range. These
figures have beon modified to include limits of the seeker and 3 g maneuver.
The gimbal angle limits of the current AI radar were used. The criteria
for successful yuns were that the miss distance be 25 feet or less, the
migaile velocity musi be greater than M 0.8 and the missile target closing
rate muat be greater than 150 ﬁ'./sec. Fig. 31 shows the resuliing allow-
able launch error for Sparrow III launched from a M 2.0 interceptor against
a M 2.0 target, vo-altitude attack at 50,000 feet, on a run originating
from 20° off the targe®'s nose at arrival to the launch zone. The angular
limits are those imposvd by maneuver capability of the missile. The range
limits sre those obtained rrom the polar plots (see Fig. 22, Volume I), and
result from AT radar lgck-oa range and minimum aerodynamic range. As
detailed in Referencs = random noise results in & 16 value of guldance
system errors of 2°. This is included on the figure as a questionable
region. Thus the allowable launch error for this condition is + L° to - 59
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neglecting nolse effects., Considering noime, the allowable launch error
18 + 1° to -3° (65% probability), For this partisular omse AI lock-on
range and seeker lock-on coinaide, It is interesting to note that for
this osse to be of tactical utility, the AI redar detection range would
have to be increased to the point whers the range at the end of total
system settling time would occur at a range equivalent to that labeled
lock-on range on the polar plot of Volume I.

Figure 32 gives the msults of the hi.';h-lg..d interceptor attacking
& high-speed target fram an aspect angle o. 80° off the target's nose at
the time of entering the lsunch zone. This would actually be & course
originating from approximately 65° at detection. The range limits corres-
pond to the maximum interlock renge axd minimum interlock renge limits
showvn on the polar plot of Fig. 22, Volume I. Thus it is seen that the
allovable launch error is + 2.4° t0 -i9° (neglecting noise affacta) at
the extreme launch range. Howaver, these allowable exrrors decrease as
wve decrease the range of launch., An important point browght out by
Fig. 32 is t?t it is very important to incresse the gimbal limits from
the current = 41°, Here again the questionable arsa due to noise is
shown by the double cross<hatched 2rea, As shown on the figurs, a zone of
interest is labeled which Aiffers from the overall zone. This is due to
the 3 g maneuver limit imposed on the interceptor. The zone inward from
that of interest to the minimum renge is questionadble,

The rusults of runs entering the attack sone fram 140° off the
target's nose (course starting from 70° of? the target's nose at detec-
tion) on an attack at 50,000 feet for Vp = M 2,0 and Vq/Vp = 1.0 are
shown on Fig, 33. EHere it is seen that the mllowable launch erxror is
restricted by maximm and mininnm renges (actual interlock ranges mech-
aniged). The vone resulting from positive srrors is primerily limited
by AI gimbal limits, It is seen that at the extreme renges, the nllow-
able negative launch error has incremsed. However, it decreases repidly
a8 range decresses becsuse of missile mansuver limits.

The graphs of Fig. 34 {hru 36 show the results for attacks occurring
at 50,000 feet for a slower target (Vp = N 1.6). Figure 34 shows the re-
sults of runs starting at 20° off the target's nose. For this case, the
reage limits ars tLose resulting from AT redar lock-on range and minimm
serodynamic range as shown on the polar plots (see Fig. 23 of Volume I),
This would corrsspord approximatealy to the seeker lock-on range plus a
range squivalent to 2 seconds time of flight (seeker limit). The angular
limits are due to n‘lllils msneuver limitations, The allowable launch
error is from + 6° to -8° as limited by noise.
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The graph of Fig. 35 ghows the results of runs which entered the
launch zone at 80° off the target's nose, For this case, the maximum
snd minimm launch ranges shown are those resulting from maximum and
minimm interlock renges of the missile. Again, the angular limits re-
sult from Al gimbal limits and missile maneuver limits. The allowable
lsunch error varies betwaen + 10.8° and -16° at the extreme ranges and
+ 2° and -7° at the minimum renge. Figure 36 illustrates the corres-
ponding ocase for attack at 140O” off the target's nose.

Figures 37 thru 39 illustrste the case of attacks oeccurring at
30,000 feet and Vp/Vp = 1.0 where Vp = M 1.91. The graphs of Fig. 37
show the results of runs originating from 20° off the terget's nose.
The maximum and minimun renges result from AI lock-on range and misaile
minimm interlock renge. The angular limits are again due to misaile
maneuvver limitstions. The allowable lsunch error varies from + 11° to
-12° at the extremon range and from + 3° to -£° at the minimum range.
Referring to the polar plot (see Fig. 19 of Volume I), it is seen thai
a large increase in AI redar detection capability must result vefore
all of the envelops shown on Fig. 37 can be used,

When the angle of approach is changed to 850° off the target'a nose,
the results of Fig. 38 are achieved, The AI gimbal limit sgain repreaents
e major limit. The range limits shown result from missile interlock ranges,
A sone of interest different from the overmll zone is labeled. The lower
restrinotion is due to 3 g interceptor limit. Ranges outside of this zone
of interest are questionable. Outside the zone of interest the system
usdfulness can only be determined by investigating how rapldly the error
builds up when the interceptor flies a 3 g restricted course instead of
a lead pursuit course. The allowable launch error is from + 2.2° to
-25° at maximum range and from + 2.2° to -20° at the minimum range of
the zons of intarest.

Figure 3G shows the results of runs entering the launch zone at an
aspect angls of 140°, The altitude and spesd conditions are the same.
The maximum ard minimum missile interlock ranges represent the launch zone
limits in range. Positive errors are limited by misslle mareuver capability
and AT gimbal limits, Negatlve errors are limited by missile mansuver
1irits. The allowable launch error varies between + 16.4%and -25Y at maxi-
mun renge snd + 1° and ~8° at minimum renge.

The graph of Fig. 40 shows the result allovable launch exrors
for attacks at 30,000 feet. For this case Vp/Vp = 0.8 and Vp = M 1.91.
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The runs enter the launch zone at 20° off the target's nose. The
maximum launch range corresponds to Al rsdar lockeon reange given on

the corresponding polar plot (see Fig. 20 of Volume I). The minimur
launch range corresponds to the missile minimum interlock range. The
angular limits result frem missile meneuver limits. Again a zone of
interest diffevent from the overalli zone is shown. The cuter 1limit on
this new zone represents seeker lock-on ranges plus two secronds time

of flight. Referring to the polar plot of Volume I, it 1s seen that

the Al detection range must be increesed to allow full use of the entire
zone of interest (if overall system settling time is considered).

Vhen the runs enter the allowable launch area at 80° off the
target's nose, the results of Fig. 41 are obtsined. These runs cor-
respond {0 runs originating from approximately 60° off the target's
nose at Al datection. Here the range limitations are those resulting
from uexirum and minimum missile interlock ranges. Positive errors
are limited by Al gimbal angle limits and negative errors are limited
by the maneuver capability of the migsile, The zone of interest is
limited due to the 3 g limit on the interceptor. Again the extent of
the zone in rauge depends upon how fast the errors build up when the
interceptor files a 3 g limited course as opposed to a lead pursuit course.
Within the zone of interest, the alloweble launch error varies between
+ 10,5 and - 28° at meximum range and + 10.5° and -24° at the lower
range of the zcne of interest.

" When the angle at which the interceptor enters the launch zone is
changed to 140° the results shown on Fig. 42 are obtained. Again the
maxioum and minismum ranges result from the missile interlock ranges.
The allowable launch errors vary from + 21.5° (AI gimbal limited) to
- 32° (missile¢ maneuver limited) at maxiium range and from + 2° to = 6°
at minimm range (missile maneuver limited).

Probability of Succeasful Arrival to Missile Launch~ Co-Altitude Attacks

In Volume I, preliminary work on the probability of successful
aryvival to miscile launch was presented. This work has been extended and
the results are included in this report. In the model, the interceplor is
assumed toba directad nn a pure collision course. A normal distribution
of AT radar lock-on probability is assumed with the 85% probability point
consistent with the values given previcusly. A normal distribution of
vectoring inaccuracy (&= = 3 n.mi.) 1is assumed to occur along a line
perpendicular to the pure collision course (relative bearing lipe).

28 CONFIDENTIAL



Courses are thon generated through the resulting probablilitv zone with
the intesrceptor flying stralght lines parallel tc the corrvect pure
collision courses at the center of the distridution (see model sketch
on Fig. 55 of Volumas I). At lock-un the interceptor is placed on &
constant L/y = 3 turn. This maneuver is optimistic since It allows

for no reaction or evaluetion time on the part of the pilot as is
encountered on the REAC settling time runs presented previously. The |
criteria for aucscess ave that the launching error can be reduced t¢ 10°
before Rﬁ_ ig reached and that the gimbal angle required does not
exceed that availsble durirg the lockeon to Ry, interval. Thus we are
in & position to evaluate the probability of successful arrival to
missile launch for a system which uses currently available equipments.
The ranges uged are those chiainable with the 62 lot Q-72 radar. The
gimbal m%ea used are those of the 62 lot Q=72 (= W1° in aziruth and

+ 47, = 38° in elevation) and the settling times emyloyed are those
resulting from these current equipments installed in the FiHel or the
F8i-3. The remeiniag queation is whether the assigned allowable launch
error for the Sparrow III (10°) is realistic. Referring to the graphs
glven in the preceding section and in Ref 3, it is seen that the allow-
able launch error ic a function of altitude, aapect angle at the time
of entry into the launch zone, gimbal angle (which is accounted for
sepsyately) and the point in the launch zone where the interceptor is in
a position to launch the weapon. It is seen that for attacks entering
the launch zcne close to head-~on the allowable launch error is extremely
small (see Fgs » 31 and 37). As we progress around toward the beam, the
ellowable launch error increases (see Figs. 32 and 38). However, as ve
come ine-range the allowable launch error decreases. Thus the idesl solution
would appear to be a mechanizetion which presents an allowable launch
indication which is a function of altitude, aspect angle {closing rate),
and range. Without this mechanization it will be necessary to assign a
value of allowable launch error which will include a high percentage of the
cases. For purposes of this study 10° has been assigned. If 2& values
for noise uncertainty are considered, the allowable launch errors will be
mach less than 10° for many of the situations described previously.

Figure 43 through b5 gives the probability of successful arrival

to missile launch versus vectoring angle for three altitudes. The attacks
occur under co=-altitude conditions. The results are summarized on Table IV.
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‘PABLE IV

PROBABILITY OF SUCCESSFUL ARRIVAL TO MISSILE LAUNCH
(Co=Altitude Attacks - Unimproved Radar)

Interceptor| Speed Altitude Probabllity of Success
Velocity Ratio : oo For Aspect for% et | ror ?ec ‘
Ve Angle (1) | Angle (¥ )| Angle (T")

(£t/sec) V/ Vg (£t x163) | =0 = 30 - 60

1940 1.0 50 46 52 0

1940 0.8 50 48 73 ul

1940 0.45 50 69 86 85

1897 1.0 30 ks 53 0

1897 0.8 30 52 75 I

1997 0.45 30 79 90 89

118 0.8 1 52 60 g

The results presented on Fig. 43 (rows 1 thru 3 of Table IV), were pre-
sented in Volume I but there were two errors. First, the curves were
incorrectly described as attacks occurring at 30,000 feet. Second, the
probability curve for Vq/Vp = 0.8 was incorrectly plotted {too highs.

Referring to Table IV and Figs. 43 thru L5, the following signifi=-
cant factors apply:

{1) vhen Vp/Vp = 1.0 andT" = 60°, the probability of
success arrival to miassile launch is zero because
the gimbal angle required exceeds the capablility of
the raday and the intercaptor will be in a position,
determined by vectoring inaccuracy, £frvom which he
cannot correct to a successful attack since he has no
speed advantage. .
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(2) When Vp/Vyp = 0.8, the primary reason for reduction in
probab?li y as angle off increases toward 60° is gimbal
angle limitations.

(3) When Vp/Vp = 0.45, the resulting probabilities are uni-
formly high. Unfortunately this case represents today's

(%) As stated previously, in the section on radar analysis, it
is believed that the range valuee used in the 1000 feet al-
titnde case (row 7 of Table IV and Fig. 45) are optimistic.
Thege results will be modified as more firm data becomes
available.

As stated previously, it is currently estimated that a 12% improve-
ment in AT detection range will result from the use of a separste opera-
tor (F4H-1 vs F8U-3)., The resulting improvement on probability of success-
ful arrival to missile launch is shown by Fig. 43a. The conditions are
the same as those of Fig. 43. The unimproved radar was used. This figure
iz copied from Volume I, and corrected as discussed previously. It 1s seen
that & 124 improvement (1.5 n.mi.) results in an 8% improvement in proba-
bility of successful arrival to missile launch for the case of Vp/Vp= 1
and T w= 0% and 30°. When Vp/Vp = 0.8 the resulting improvement in proba-
bility of. agccesaful arrivel to missile launch is 18% for - = 0° and 6%
for T - 30 .

Probability of Buccessful Arrival to Missile launch - Pull-up Attacks

The next problem to be investigated is that of probability of success-
ful arrival to missile launch for pull-up attacks considering vectoring in-
accuracies, The model and analytical approach is detailied in Appendix V of
Volume IV. In brief, the model assumes a head-on attzck with an azimuth
aistribution about this head-on attack of 1€ = + 3 n.mi. The 85% proba-
bility of detectlon on the range distribution is that of the unimproved
radar (12-13 n.mt.). The gimbal limits are those of the unimproved rsdar.
No corrections in altitude or azimuth wer: made until lock-on {10 seconds
after detection). Upon lock-on the interceptor starts an immediste 3 g
pull-up until it is orn a lead pursuit course. The criteria for success
ia that the error can be reduced to 10° ur less between the Rpai8nd Rpyyp
interval without

(1) 1184 factors exueeding 3

(2) coefficient of 1ift exceeding CrLmax
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(3) gimbal limits exceeding AI radar gimbal limits, and
(4) & minimm recovery of I/w S o.5,

The interceptor paremeters used are those of the PhH-1., As stated
previously the results would be extended in altituds due to greater
P8U-3 capability. The results of the investigation eaxre shown on
Pigs. 46 thru 49 and are summarized on Table V.

TABIE V

mmmmmmmmm
(Pull-yp Attacks - Unimproved Radar)

Target Target { Interceptor | Interceptor | Probability of |[Primxry ReaAsons
Altitude | Valoe- | Altitude at | Velocity at | S8uccessful Ar- |for Failures
(£¢x103) | 1ty | Btart of | Start of | rival to Misalle
(Mach ) PuJJ.-ug P1l-wp Iaunch
) (%)
65 2.0 38 Vm o]
65 2.0 45 M2.0 , 6 Excessive
' lsunch error
65 2.0 55 M 2.0 13 Excessive
gimbal angle
65 0.9 15 v, 1 Excessive
P gimbal angle
and recuvery
problems
65 0.9 25 v, 49 Bxcessive
Tranx ginbal angle -
Bxcessive
launch error
and 1,/W < 0.5
65 0.9 35 N 2.0 35 Exoezsive
_ launch error
65 0.9 55 M2.0 65 Rxcessive
' glmbal angle
2.0 30 V. 6 Excessive
2 ' Fnax launch error
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TABLE V

{Cont 'd)

PROBABI / OF SUCCESSFUL ARRIVAL TO MISSILE LAUNCH
Pull-Up Attacks = Unimproved Radar)
Target Target | Inter- Interceptor | Probability | Primary Reasons
Alti- Velo- ceptor Velocity at | of Success- | For Fallures -
tude 3 city Alti- Stert of ful Arrival
(£tx20°) | (Mach) | tude at Pull-up to Missile
Start of * launch
Pull-ug
(£4x107) (%)
50 2.0 4 M 2.0 12 Excesgive launch
error
50 2.0 50 M 2.0 L6 Excessive launch
error
50 0.9 10 va 91 Excessive launch
error - Excessive
- gimbal angle
S0 0.9 20 Vimax 60 Excessive launch
; error - '
50 0.9 30 me 55 Excessive launch
error - Excessive
glmbal angle
50 0.9 bo M 2.0 65 Excessive launch
. error - Excessive
) glmbal angle
50 0.9 50 M 2.0 €9 BExcessive launch
error - Excessive
gimbal angle

Referring to Fig. 47, the hook in the curve, though unusual in
Between 50,000 feet and -
35,000 feet the interceptor velocity is constant at M 2.0 and the pull-up
Below 35,000 feet, the de~
crease in interceptor meximum velocity results in a great angular pull-
up rate for a 3 g course.

appearance, has a very logical explanation.

rate is ltmited by the L/y » 3 requirement.
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Degradation of Probebility of Successful Arrival to Missile
Iaunch Due to Target Maneuvers

Up to this point in the study, the degrading effect of vectoring
accuracy has been presented. In eddition, & cursory look at the degrading
effect of clutter and weather has been made. Another important possible
degrading factor is that resulting frem target meneuvers, In this study,
it is assumed that the primary Jjob of the target ls that of delivering a
weapon agalnst its target of interest. Thus the maneuver studied is one
which can sesily be  accomplished by the target and which will not
detract markedly from his ability to deliver his own weapon.

The model assumed is described in detail in Appendix VI of
Volume IV. The same limitations were imposed as used in the pre-
ceding analysis of probability of success. The redar 85% detection range o
wvas 12 = 13 n.ml. The gimbel limits uged were Mg = = L1°, A = + U7, « 387,
The vectoring accuracy used was 16 = = 3 n.mi. Only one plane was ine
vestigated (no errors assumed in elevation). The target waneuver was
assumed to start at AI rader lock-on and consisted of a 1 g lateral turn
which criss-crossed the desired flight path having a maximum deviation
of target heading from this path of 30°, The interceptor was vectored
on a pure collision course and did not deviate from this until lock-on at
which time a J g turn is used until the lead pursuit course is reached.
The error must be reduced to 10° or less between Ry 804 Rpgpe

The results of target maneuver are shown on Figs. 50 thru 52.
Figures 50 snd 51 show poler plots along with typical trajectories of the
interceptor. These figures are plotted in target coordinates (target fixed).
Figure 50 shows the results of target maneuvers initially tc the right
(1nitial turn toward the interceptor). For these samples the maneuver
started at Al detection. Figure 51 shows the results of target maneuvers
initially to the left (initial turn away from the interceptor). Figure 52
compares the probability of success resulting from these two types of
target maneuvers. The dashed line shows the result of an initial target
maneuver to the left and the solid line shows the result of an initial
target msneuver to the right. The investigation was restricted to co-alti-
tude attacks at 30,000 feat. The rssults of thls investigation are
sumnmarized on Table VI and a comperigson of probability of successful
arrival to missile launch for maneuvering and non-maneuvering targets are
made,
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TABLE VI

COMPARISON OF PROBABILITY OF SUCCESSFUL ARRIVAL TO MISSILE
LAUNCH FOR MANEUVERING AND NON-MANEUVERING TARGETS
(Co=Altitude Attacks —~30,000 ft ~Unimproved Radar)

Speed | Aspect Probability of Successful Arrival to
Ratio Angle Missile Isunch (%)
Vo/Vp v Initial Maneuver Initial Maneuver
(Deg) | Toward Inter= Avay Froa Inter- |Nonmaneuvering

ceptor (Right Turn) ceptor (Left Turn)
1.0 0 42.5 k2.5 U5
1.0 30 51 56 53
1.0 60 (o} g 4]
0.8 0 53 23 5e
0.8 30 62 7 75
0.8 60 Ly Ly Ly
0.45 o] 7 T7 79
0.45 30 84 92 S0
0.L5 60 89 8 89

Referring to Fig. 42 and to Table VI, it is seen that as could
be expected, an initial target maneuver right or left yields the same
results for the head-on case. For the case of T = 303 sn initial maneuver
to the right (toward the interceptor) always reduces the probability of
success Xrom that realized for the nonmaneuvering case. This 18 as
expected since this initial right turn reduces the time that the inter-
ceptor has to solve the problem. Also, as was expected, an initial
naneuver to the left (away from the interceptor) always results in an
increased probability since there is more time for the interceptor to solve
the problem, If the target always maneuvers toward the interceptor the
lowest probability will result. However, as shown in Table VI, the
reduction in probavility over that realized for a nonmansuvering target is
not great.
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It is seen from Table VI that for 7 = 60° the probability of
successful arrival to missile launch is the zame tor each of the targat
maneuvers investigsted and for the nonmaneuvering target. This is due
to the limits of the assumed model. Since the model assumes that the
interceptor makes no maneuver prior to lock-on and that the target
makes no maneuver prior to lockwon, gimbal angle limits are the domin-
ating factors. The model should be refined (pilot in the loop) to
include maneuvers by the interceptor prior to lock-on which will, in
some cases, reduce the gimbal angle problem. However, it 1as expected
that under some conditions the pilot will make the wrong msneuver thus
reducing further the probability of success. The adequacy of the model
can be detsrmined only by including the pilot in the loop. This will be
done in the extended phase of the study. Figure 53 shows the reaults on
probabllity of successful arrival to missile launch of using a combin-
ation of worst possible target maneuvers. This is assuming that the
target has s vast amount of intelligsance reslating to the tactical
problem. It assunes the target knows the exact angle of approazh, tae
axact range between interceptor and target and the exact speed conditions
at the time of initial maneuver. The dashed lines of Fig. 53 show the
results for & non-maneuvering target. The solid line repressnts the results
for a combination of worst target maneuvers. For the case of VT/Vp = 1 the
resulting probabilities are 33% at 1~ = 0°, 51% atT =~ 30°, and 0% at
1 = 60°% for the worst possible maneuvers. This compares to probabilities
of 45%, 53% and 0% for the nonmaneuvering target situation. When the speed
ratio is decreased to Vp/Vp = 0.8 the probabilities r3r the situation of
worst target maneuvers are L46% atq= 0, 62% at T = 30° and Li% at T = 60°.
For the nonmaneuvering target the corresponding probabilities are 52%, 75%
and 4. When the speed ratio is decreased still further to 0.45, the re-
sulting probabilities are 73% atT = 0° 85% at 7" = 30° and 89% at
T = 60°. For the nonmaneuvering situation the probabilities were 79%, 90%
and 89%. The reason that the probabilities are the same at T'= 60° for the
maneuvering and nonmaneuvering cases is the same as given before.

Weather Degradation of System Performance

The low altitude performance of the AI radar has been presented
in an earlier section of this report. Figure 54 shows theoretical degrad-
ation curves for performance of the 62 lot Q-T2 radar in the preasence of -
rain, These calunlations consider the effects of humidity attenuation,
attenuation from scattering by the rain particles in the two-way path and
back scattering at the taxget due to rain. These curves were obtalned
from Ref 4,
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Referring to Fig. 54, it is seen that if the performence of the 62
lot Q-=T72.1is 12-13 n.mi., under fair weather conditions, the performance
will be approximately 2.8 n.mi. in the presence of a light rain.

Figure 55 glives the results of theoratical calculations (done separ-
ately from those of Fig. 54) of performance in rain which was presented
in Volume I. It 1s important to note the close agresment of the two
curves for the resulte of light rain degradation for nose-on aspect.

The current 62 lot Q=72 redar yields 12 - 13 n.mi. detection range (see
earlier polar plots) against the nose aspect. This would be reduced

to 2.8 numi. if the degradation figures of Fig. 55 are used. At 70°

off the B-UT target's nose the clear weather detection range is 18.5 n.mi.
(righ speed conditions). Using NAMIC calculations, this would be reduced
40 5.5 n.mi. in the presence of light rain. This compares with 5.8 n.mi.
from the results shown by Fig. 55.

Farly Werning Detection Requirements

In addition to the degradation factors described in the preceding
sections, 1t is necessary to consider the effects of early warning cap- \
abllity, interceptor climb capubility and interceptor endurance capability. \
A preliminary study of these factors has been made and is shown by Figs. 56
thru 77. The models used and analyses methods are shown In Appendix IX
of Yolume IV.

Figure 56 shows early warning detection requirements. The
assunmptions made are:

(1) the early warning equipment is located 100 n.mi.
from fleet center,

(2) the targe:(s) are flying at 30,000 feet, and

(3) the targets are employing a 100 n.mi. alr-to-surface
missile (kill must be recorded 100 n.mi. from fleet
center)

In the developmert uf the graph of Fig. 56, the climb and speed
characteistics of the FUH-1 were used. Two target speeds were used
(Vp = 10 n.ml, per minute and Vip « 20 a.mi. per minute). Referring to
™Mg. 56, a typlcal game cen be played. For exsmple, if

(1) 40 targets are attackiag the fleet center,
(2) the initial system dead time (T), which is the time between

initial detection of the target and launching the first
interceptore is 3 minutes
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(3) the targets are flying at 30,000 feet at a speed of
10 n.mi. per minute (approximately M 1.0)

(%) one interceptor per target is required and W0 inter-
ceptors can be launched ir 20 minutes (nk « 20),
wher? n = number of interceptors and k = interval
betwean launchings in minutss,

then the esrly warning detectiou requirement is 300 n.mi. This means
that if the requiremsnt is that all targsts must be intercepted bafore
they resch a point 10 n., mi. from the 1leet center, the initial
detsction of these targets must occur 300 n. mi. from the early
wvarning location (in this sxsmple 400 n.mi. from fleet center;.

If the target spoed is changed to 20 n.mi. per minute {(approxi-
mately M.2.0) and all other parameters are held constant, the sarly
verning detection requirement is 600 n.mi. from the esarly warning loc-
ation (for this example 700 n.mi. from fleset center). If the system
dead tire is changed to 6 minutes the requirement, of cuurse, increases
to 660 n.ui. These curves are optimistic since factors such as combat
© time and human factors are neglected. later curves will shew available
combat tiue for one interceptor attacking one target.

Mgures 57 thru 63 show the avalladble cormbat time for cou-altitade
attacks (30,000 feat). It is assumed that the interceptor is in CAP at
30,000 fest under cruise conditions 100 n.mi. from fleet center. The
allovable targe. penetration is to 100 n.mi. from fleet center. The
interceptor accelerates as rapidly as poasible to V, (M 1.91). The
eariv warning detection rarxge (range from fleet cenm) and system d=ad
time (time betwveen early warning detection and initieting the firat
attack) are varied. The resulting combat times (time dbetween first cone
tact between irterceptor and target and the time that the target pasuses
the 100 n.mi. psnetration barrier) are summarized on Table VII.
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TABLE VII

EARLY WARNINC DETECTION REQUIREMENTS
(Co-Altitude Attacks at 30,000 Feet~ Interceptor
In CAP at 30,000 Feet)

Terget Veloecity Early Warning System Dead Avallable
Ve Destection Range Time Combat Time
(Pt/Sec) (Distance from (Migutes) (Minutes)
Fleet Center)
(a.mi.)
85k 300 3 13.93
1,518 300 3 c.42
1,897 o 300 3 3.53
1,897 300 § 2,05
1,81 200 3 1.15
1,518 300 6 3.67
1,516 ‘ 200 3 L.67
85k g 300 . 6 1.67
U - E PR S 5.59

Tha wecoud cese investigated dx that of wa intorceptor at
30,000 feet atia-iiny e target st 50,000 feets, For this investigation
the interceptoz le ir CAF at 100 n.mi, #rom the fizet center. When the
run starts, the lnterceptor atceierates to Vo, and tluén climbe super-
sonically to 50,000 fost. The combat times é?#en wiuld ne those avail-
able for a horizontal attack (snap-up not consilered) .
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Figures 64 thru 70 show the available combat times. These results are
summarized on Tuble VIII.

TABLE VIIX
EARLY WARNING DETECTION REQUIREMENTS

(Co=Altitude Attacke at 50,000 Ft.—
Interceptor in CAP at 30,000 Ft.)

Early Warning
Target Velocity Detection Range
Vop (Distance From System Dead Availeble
(£/sec) Fleet Canter) Time Combat Time
(n.mi.) (Minutes) (Minutes)
1,940 300 3 3.2
1,552 300 3 5
813 300 3 13.18
1,9% 300 6 1.92
1, 9lo 200 3 0.9
1,552 30 6 35
1,552 200 3 1.58
er3 300 6 11.16
873 200 3 5.25

The third phese of the investigation is to determine availahle combat
time for deck launched interceptors attacking a target at 30,000 feet.
Here, the FiH-1 accelerates at sea level to climb speed, climbs to
30,000 feet and accelerates to maximum speed. Figures 71 thru 77 show
the available combat times and their results are summarized on Table IX.
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TABLE IX

Interceptor Deck Leunched)

BARLY WARM.i™ DETECTION REQUIREMENTS
{Co~Altitude Attacks at 30,000 Feet =

Early Warning
T | Glatae e’ | T | coee ime
(Pt/sec) Fl?:? , ﬁff")‘er) (Minutes) (Minutes)
1,897 300 3 0.k42
1,518 300 3 1.83
854 300 3 9.33
1,897 300 6 0
1,897 200 3 0
1,518 300 6 0.25
1,518 206 '3 0
854 300 6 T.17
854 200 3 1.08
b1 CONFIDENTIAL




Degradation Caused By Countermeasures

Bagic work on this phase of the study has been reported in NRL
Reports U720, 4785 mnd 49L9. The vulnerability of the AI radar to
countermeasures is further detailed in a secret supplement to this report
(ses Volume VI).

Remaining Study ,

There are several areas where investigation is needed before
the performance of the current system under tactical conditions can
be clearly defined., These are as follows:

(1) Extension of the co-altitude probability of success
curve. to include angles off the target's nose greater
than 60° and to include smaller increments.

(2) Conduct a flight simulator program to operationally
verify the adequacy of model teachniques in the present
study. This would be a check, using the pilot in the
loop, of the critical areas exposed by the current

study,

(3) Extension of the incremental altitude study to include
azimuth angless other than head-on,

(4) Determine by study and analysis the acceleration launch-
ing transients occurring during the Sparrow III missile
launch and the effects of these transients upon dynamic
performance of the missile internal functions and missile
trajectory to the target.

(5) Determine by study and analysis the effects of noise and
missile orientation on system accuracy, both with and
without . "English Biss".

(€) Determine by study and analysis the illumination require-
ments after Sparrow III launch in conjunction with break-
avay requirements and aircraft normal flight recovery
requirements.

(7) Inveatigation of limits imposed by hydraulics on pull-up
capability.
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PHASE IV-SYSTEM PERFORMANCE UNDER EXPECTED TACTICAL CONDITIONS WITH
ADDITION CF CURRENTLY PROPOSEL IMPROVEMENTS

The results presented previously in this report and those presented
in Volume I indicate that improvement in subsystem performance is needed
if successful missile launches at an acceptabie probability level are to
be achieved., When other degrading factors are considered, in addition to
those included here, it is predictable that the probability of success
curves shown previously will be degraded further. It is thus very important
to investigate regions of possible improvement to the subsystem elements in
order that overall system tsctical use capability can be improved.

AN/APQ-T2-AN/APQ-Th Dmprovcments in Fair Weather

In Volume I of this report the improvements realized from search
volume optimization, bandwidth switching, bright display, improved re-
. ceiver crystals, and triangle vectoring were considered. It was estimated
that these improvements would result in an 85% detection capability against
a B-47 target at approximately 19 n.mi. head-on under high speed conditions.
To date there is insufficient data in hand to verify the validity of these
estimates, However, fg.ight tests of same of these ilmprcvements have been
mede by the contractor’. Figure 78 shows the results of some of these teats.
The test altitude was 15,000 feet. Runs were made against en F2H-2, head-on
aspect, with a closing rate of 800 knots. For these tests an improved re-
ceiver was used (improved NF from 10.7 to 8.9% db), the bandwidth of the
IF was narrowed in the search mode (from UYmec to l.lmc), the search employed
was 64° azimuth by 6.4° elevation and the dish size wes increased to 30 in,
While it is not the intent to compare these results with test results ob-
tained by NATC, Patuxent, on the AN/APQ-50 (test conditions were different)
the trend is apperent. With the modified system the 85% probability of
detection occurred at 31 n.mi. Referring to Volume I, it is seen that
the 85% probabilivy of detection for the AN/APQ-50 as obtained by Patuxent
was 16,8 n.mi. It should be remembered that the results of Fig. 78 have
not been degraded in any way. Thus they do not represent tacticel capabil-
ity.

Probability of. Successful Arrival to Missile launch - Improved Radar

In Volume I the results of using the improved radar, which had an
85% probability of detecting a B-U7 size target head-on at 19 n.mi. and
} 57° azimuth and elevation gimbal coverage, were presented for attacks
occurring at 50,000 feet altitude. These results are repeated here on
Flg. 79.
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Cerresponding results for attacks occurring at 30,000 and 1,000 feet
These results are sumarized

altitude are given on Figs.

on Tahle X.

80 and 821,

TABLE X

COMPARISON OF PROBABILITY OF SUCCESSFUL ARRIVAL TO MISSILE LAUNCH
FOR SYSTEMS USING IMPROVED AKND UNIMPROVED RADAR
(Co-Altitude Attackse Nonmaneuvering Target)

Alti‘cu%e Inter= Speed | Aspect Probebility of
(£tx107) | ceptor Ratio | Angle Successful Arrival
Velocity ™ to Missile Launch (%)
(FzySec) vp/Vr | (Deg) | Improved Redar | Unimproved Radar

50 1,940 1.0 0 75 L6
50 1,9% 1.0 30 89 52
50 1,940 1.0 60 8 0
50 1,94 0.8 0 84 48
50 1,940 0.8 30 91 73
50 1,9%0 0.8 60 8 Ly
50 1,940 0.45 0 97 69
50 1,940 0.45 30 98 86
50 1,940 0.45 60 100 8s
30 1,897 1.0 0 75 ks
30 1,897 1.0 30 88 53
30 1,897 1.0 60 8 0
30 1,897 0.8 0 84 52
30 1,897 0.8 30 92 75
30 1,807 | 0.8 60 89 bl
30 1,897 0.45 0 97 79
30 1,807 0.45 30 98 90
3% 1,897 0.45 60 100 8
1 1,189 0.8 0 &e 52
1 1,189 0.8 30 84 60
1 1,189 0.8 60 6 7

=
=




Comparing the results given on Table X, it 1s seen that there is an
insignificant difference due to altitude in the 30,000 and 50,000 feet
ceses. As stated previously, the 1,000 feet altitude case has not been
investigated thoroughly because of the lack of test deta. Based on

the theoretical calculations and limited test data presented previously,
one probability of successful arrival tc missile launch curve has been
presented,

To date the effects of sdding the estimated improvement in AI
radar performance resulting from the use of a second operator has not
been investigated fully (12% range improvement). However, the effects
on probability of successful arrival to missile launch can be inferred.
Figure 79a shows the sensitivity of the probability of successful
arrival to missile launch, using the improved system,to range increase,
The conditions are the same &s those of Fig. T9. en Vp/Vp = 1.0
and Vp = M 2.0 the improvement resulting from using a 12; range ine
crease are:

(1) From 75% to 8i% for T = 0°
(2) From 894 to 928 for 7V = 30°.

Probability of Successful Arrival to Missile Launch -
Improved Radar - Maneuvering Target

The effects of target maneuvers on the probability of successful
arrival to missile launch on a system using the improved radar are
shown on Fig. 82. The altitude of attack is 30,000 feet and Vp/Vp = 1.0
vhere V. = M.1.91. The radar has an 85% probability of detection at
19 n.ml, The gimbal angle coverage is = 57° in azimuth and elevation.
On this figure, the so0lid line shows the results of initial target
maneuvers toward the interceptor (initial right twrn) and the dashed line
shows the results of initial target maneuvers away from the interceptor
(initial ieft turn). Tese results are shown on Table XI and a compar-
ison is made with the results obtained with a system using the unimproved
radar,
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TABLE XI

COMPARISON OF PROBABILITY OF SUCCESSFUL ARRIVAL TO MISSILE IAUNCH
FOR SYSTEMS USING IMPROVED AND UNIMPROVED RADAR
(Co=Altitude Attacks=Maneuvering Target)

e or aspect | Aerival to Wiastle Launch ()
Vp Speed Ratlo e Imprcved Radar{ Unimproved Rader
(Ft/sec) Vop/Vp (Deg) | Initiel] Initial | Initial | Initial
Right | Left Right left
Turn Twrn | Turn Turn
1,897 1.0 ) 72 T2 42.5 42,5
1,897 1.0 30 79 90 51 56
1,897 1.0 60 8 8 0 0
1,697 0.8 0 82 82 53 53
1,897 0.8 30 87 9l é2 7
1,897 0.8 60 89 8 4l 4
1,897 0.45 0 97 97 K4 T7
1,87 0.45 30 96 99 8k 92
1,897 0.45 60 100 100 89 &

Referring to the results given on Table XI, it 1s seen that as
in the case of the unimproved radar target maneuvers initially to the
left and initially to the right yield the same results.for U= 0. Comparison
of . results shows that there 1s a significant improvement in probability
of successful arrival to misaile launch with the improved radar pertic-
ularly when a high speed target is involved. Compering the results of
Table XI for the improved radar against the maneuvering target with the
corresponding results of Table X for the nonmaneuvering target, and using
the case Vp/Vp = 1.0, we see that target maneuvers result in 3% degrad-
ation for T = 0°. When T = 30° there is 10% degradatioca for ar initial
right maneuver by the target and a 1% improvement for an initial left
twrr by the target because of the additional time availsble. WhenT” = 60°
there i8 no difference between each of the assumed maneuvers and the ncn-
maneuvering target. The resson is the same as stated previously (gimbal
angle limits predominate in the assumed model).
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Figure 83 compares the probability of successful arrival to
missile launch for nonmaneuvering and for maneuvering targets. The
attatk occurs at 30,000 feet. The improved radar is used, Here
again, the curves plotted for the maneuvering target give the results
for a combination of worst possible maneuvers, This assumes that the
target has & large amount of information related to interceptor range
and angle of approach. For? = 60°, the probabilities are the same
for both the maneuvering and nonmaneuverdng targets for the same
resson as stated previously (gimbal angle limits predominate in the
assumed model). When“P’= 30° and Vp/VF = 1.0, the probability of success
for the maneuvering target is 768% as compared to 884 for the nonmaneuvering
target, WhenM = 0°, the probability of success for the maneuvering target
is 66% as compered to 75% for the nonmaneuvering target.

When the speed ratio is reduced to 0.8 anif= 300, the probvabllity
of success for the maneuvering target is 889 as compared to 92% for the
nonmaneuvering target. When”” = 07, the probability of success for the
maneuvering target is 76% as compared to gh% for the nonmaneuvering target. |
Corresponding results are also presented for the case of Vqp/Vp = 0.L45.

Probability of Successful Arrival to Missile launch - Improved Radar
Pull«Up Attacks -

The next phase of the study is that of pull=up attacks with a
system which incorporates the imoroved radar. The results of this
phese are detailed in Appendix V' of Volume IV. Samples of the results are
shown on Figs., 8k thru 87. The model assumes headeon attacks with an
azimuth distribution of vectoring errors about this head=on attack of
16 =% 3n.mi. The 85% probability of detection on the range distribue
tion corresponds to that of the improved radar (19 n.mi.). The gimbal
limits are those of the improved radar (i 57° in elevation and azimuth),
No corrections in altitude or azimuth are made until lockeon (10 secs.
after detection). Upon lock-on the interceptor starts an immediate 3 g
pulleaup until it is on a lead~pursuit course. The criteria for success
is that the error can be reduced to 10° or less between the and Rpipn
boundary without a requirement of load factor exceeding 3 or Lnax? the
¢lobal angles of the AT radar are not exceeded, and a minimum recovery of
L/W = 0.5 1s required. The interceptor parameters used are those of the
FlH-1. As stated previously, the useful zcne would be extended in altie
tude if the P8U~3 were considered due to its greater altitude capability.
The results are summarized on Table XII.
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TABLE XIT

PROBABILITY OF SUCCESSFUL ARRIVAL TO MISSILE LAUNCH
* (PulleUp Attacks - Improved Radar)

Target
(££x103)

Target
Veloclity
(Mach)

Interceptor

Alt. at Start

of Pull-Up
(££x103)

Interceptor
Velocity at
Start of

Pull-Up

Probabllity
of Success-
ful Arrival
to launch

(%)

Primary

Reasons
for

Failures

65

65

65

65

65

65

65

50

2.0

2.0

2.0

0.9

0.9

°l9

0.9

2.0

25
45
55
s
25
35
35

10

VFuax

M 2.0

M 2.0

M 2.0

M 2.0

17

50

75

56

95

97

16

Error Could
Not be Re=-
duced to 10°

Error Could
Not be Re-
duced to 10°

Error Could
Not he Re=-
duced to 10°

Recovery
Problems

Error Could
Not be Re- o
duced to 10

Error Could
Not be Ree
duced to 10°

Error Could
Not be Re~
duced to 10°

Error Could
Not be Re-
duced to 10°
Excessive
Gimbal Angle
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TABLE XII (CONT)

PROBABILITY OF SUCCESSFUIL ARRIVAL TO MISSILE LAUNCH
(Pull-up Attacks - Improved Redar)

]
Target

Target Interceptor | Interceptor | Probability Primary Reasons
Altitule | Velocity | Altitude at | Velocity at | of Successful |for Failures
(£tx103) | (Mmch) | Btart of Start of Arrival to
Pull- g Pull-up Missile Iaunch
(ftx10°) (%)
50 2.0 20 Vp L6 Error could
not be re- o
duced to 10
50 2.0 Lo M2,0 75 Taxror could
not be re- o
duced to 10
50 2.0 50 M 2.0 75 Error could
not be re- o
duced to 10
50 0.9 10 vaa.x 99
50 0.9 30 Vi 98 Excessive
gimbal angle
50 0.9 4o M 2.0 98 Error could
not be re- o
duced to 10
50 0.9 50 M 2.0 8 " |Brror could
not be re-

duced to 10°

Comparing the results for the system using the improved radar
(summarized on Table XII) with those for the system using the unimproved
radar (sumarized on Table V), it is seen that there is a tremendous im-
provement in the probabllity of successful arrical to missile launch.

For example, a system using the unimproved radar had no capability for
attacking M 2.0 targets flying at 65,000 feet when pull-ups were initiated

below 38,000 feet.
of success was 6%.

For pull-ups starting at 45,000 feet, the probability
When the pull-ups were gtarted from 55,000 feet there

49
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was & 13% probability of success. Inspection of Table XII immedlately
shows the .idvantages of using the improved radar.

System lPerformance Resulting From thn Use of Advanced Intercepto:r
Performance )

Earl.er in this report, it was stuted that since the speed of
the FBU~3 18 restricted to M 2.0 because of limits other than engine
limits, the resulting co-altitude capability (neglecting altitude
ceiling) would be the same as for the FiH-1. In addition, it was
shown that the basic difference in pull-up capability was that due to
the greater altitude ceiling of the PSU=-3. It is now of interest to
investigatu the resulting system performance when u higher speed
interceptor is vsed. For this portion of the study the Vp,. capability
of the FBU-3 ia employed.

Figures 88 taru $0 show the polar plots resulting from the high
apeed interceptor attacking targets at 50,000 feet. For this cursory
lock at the problem, we have returned to the barrier analysis. All
barriers are representativa of 85 to 90% probability. The target speeds
are the same ay those used 'n the preceding investigations. The situ-
ation assumes no vectoring errors and the interceptor is on a perfect
lead pursult course at detection. Figure 85 shows the results of co-
altitude attacks against a target flying at 1,940 ft/sec. The inter-
ceptor speed at the beginning of the run is 2,13k ft/sec. Comparing
this with Fig. 22 of Volume I (interceptor velocity of 1,940 ft/sec)
it is seen that the hasic advantage i1s that now around=the~clock attacks
can be made because of the speed advantage. However, the penetraticn
will be high for attacks aft of the beam. For example, the run which
originates at 120° off the target's nose required spproximately 220 secs.
before the interceptor closes to Rygy. Attacks originating in the zone
up to 30° off the target's nose were marginal for the conditions of
Fig. 22 (interceptor velocity 1,940 fit/sec). This region is made even
more marginal when the higher speed interceptor of Fig. 88 is used. This
is due to the fact that at the higher speeds Ry, is increased and the
range covered by the interceptor in the lock-én interval is increased.
Flgures 89 and 90 give corresponding plots for the advanced interceptor
attacking targets at 30,000 feet altitude and 1,000 feet altitude. The
comparison given for the 50,000 feet case applies equally well here.

The results of the settling time study using the advanced inter-
ceptor are shown on Figs. 91 thru 99. These runs were made at 30,000 feet.
The interceptor speed was 2,185 ft/sec. The criteria throughout is thet
the error must be reduced to some value, say 10°, and held there for 3
seconds. The solid curves are those resulting from the use of a cockpit
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simulator and REAC.
As stated previously the 50% settling time and 3 second criteria

uns.

The cashed curves show the results of LIBM

do not apply to the IBM runs because the IBM gives the periect solution
The IBM results are shown in this fashion to allow

(man not in leop).

direct comparison with the REAC runs.

study are sumarized on Table XITI.

TABLE XIII

The rasults of this portion of the

SYSTEM SEDTLING TIME REQUIRED AFTER AL RADAR TACK-CN
{Advanced Interceptor = 30,000 Feet Altitude)
Vp = 2,185 ft/sec

Target Al Radar| Aspect | Heading atus
Velocity | Lock=0On Angle | Erroxr At 35% §$ 50 IBM
v Rang. T Iock-On |Settling Settling Settling
(ft;sec) (n.mi.) | (Deg) € Time Time Time
(Deg)
1,897 10 20 20 Could Not Re-| Could Not |Could Not Re-
duce Errer Reduce duce Errur
Error Below 15°
Below 170
1,897 10 20 30 Could Not Re- Could Not
duce Error Reduce Error
Below 27°
1,897 10 o 20 Error Could Error Error Could
Only be Re~ Could Only|Only be Re-
duced to 16° | be Reduced!duced to 16°
to 13°
1,897 10 40 30 Could Not Error Could
Jeduce Erro Only be Re=-
duced to 29°
1,518 10 20 20 Error Could |{Error Re- (Error Re-
Only be Re- duced to [duced to 10°
duced to 14° }120%°n 9  |in 10 Secs.
Seconds
1,518 10 20 30 Couls: Not Re-  Could Not |Error Could
duce Error Reduce Only be Re-
Error duced to 27°
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SYSTEM SETTLING TIME i

FABLE X131

DoACont 'd}

UTRED AFTER AI RADAF LOCK-ON

(Advanced Interceptor - 30,000 Feet Altitude)
Vg = 2,185 ft/sec

Target

Velocity
Vip

(f£t/aec)

AI Radar
Lock--On
Range
(n.mi.)

Aspect
Angle

fr

(Dea)

Heading

+

Errcr At
lock~On
£

(Deg)

BE
Settling
Time

5
bettling
Time

T IEM
Settl:ng
Time

1,518

1,518

1,518

1,518

1,518

1,518

l’ 518

1,518

1,518

854

854

7.5

10

10

10

15

10

15

15

10

10

40

Lo

Could Not
Feduce Error

20

30

30

On)y be Re-

duced to 26°

bould Not
Peduce Error

[Error Re-

© Huced to 10°

tn 8 Secs.

rror Could
nly.be Re-
uced to 269

rror Ree
uced to 10°
in 7 Secs,

Error Re-
duced to 10°
in 5.53ecs.

Error Could

duced to 22°

Error Could
Only be Re-
duced to 37°

Error Re-
duced to 10°
in 12 Secs.

Error Re~
duced to 10°
in 24 Secs.

Error Re-

© lduced to 10°

in 8 Secs.
Error Could

M1y be Re~
duced to 25°

Error Could
Only be Re~
duced to 18°

Error Could
Only be.Re-o
duced to 12

Error Could
Only be Re-
duced to 28°

Frror Re-
duced to 10°
in 10 Secs.

Error Re~
duced to 10°
in 7 Secs.

Error Could
Only be Re-
duced to 27°

Error Could
Only be Re--o
duced to 39

Exrror Re=- °
duced to 10
in 16 Secs.

Error Could
Only be Re-o
duced to 28

Error Re=~
duced to 10°
in 7.8 Secs.

Error Tould

Only be Ree
duced to 24°

=
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The following geneval comments c..n be pade about the curvae
of iigs. 91 thru 99. In general, the error could be reduced to a
much lower value with the slower speed interceptor than with this
advanced interceptor (comparison of Figs. 91 and 28). This is expected
since the turning redius is smaller at the lower speede  Referring to
Fig., 92, 1t 18 seen *that the IBM run resulted in & lesser reduction of
error than the EEAC run. This implies that the pilot, even though s
pesitive indication in the form of & buzzer was used, may lave pulled
slightly more than 3 g's. This {8 borne out by the sample brush
recordings in Appendix IV.

Remaining Study:

There are still several areas where additional analysis io
needed to allow more complete definiticn of the performance of the
improved system. Among these are:

1. Extension of the analysis of the FiH.l and F8U=3
incremental altitude capabilities with the im-
proved system at aspects other than head=-on.

2. Extension of the analysis of co=altitude probab=-
11ity of succeas to include asngles greater than 50°
off the nose and to include smaller increments,

3. Verify by flight simulator tests the adeguacy of
the resultc obtained from the described mcdel.

L. Inclusior of actual missile pzrformance during
eJection lsunch and after launch, This includes
transient effects during launch..

5. Inclusion of the effects of noise and missile orient-
ation both with and without "English Bias".

6. Verify by flight simulation study the effects of a
situation display on system probability of success
and develop optimum approsch tactics.

T. Dete¢rmine by study and analysis the sensitive elements

of the FiH-l and F8U-3 weapon systems mechanization and
their accuracy tolerances.
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8.

Determine by study and analysis the leasibiiity
and pussible advantaged of using alternate guid-
ance systeus (different from those covered in

this volume) in the FiH-l and FOU-3 Weapcn Systemo.

In addition to theru ureas there are ceveral areas of improvement
which are under investigatlon. These ars as follows:

1.

2.

3

The effects of countermeasures on the AT radar

hsas been investigated and reported oeparately in
NRL Report 4949. 1In addition, analysis of the
improvements made to date is descrited in a secret
supplement to this report. (See Volume VI.)

While the results of use of a larger antenna have not
been detajled, they have been implied by the effects

of range variation on the probability cf success given
in Volune I and thia study. In addition the controlled
flight tegts resulting from the use of a larger antenna
along with other improvements are described by Fig. 78.
The calculation of the range improvement realized by the
use of a larger antenna is straightforwerd and will be
included in the analysis at a later dste.

NRL has investigated the AJ features deaired for the
Sparrow III sceker. The results cf this investigation
have been reported to BuAer (NRI Report L4720).

PHASE V = STUDY TO DETERMINE AND ASSESS REALIZABIE IMPROVEMENTS

This phase is of necessity s continuing one, In those areas
vhere it appeared that important gains could be made by incorporation of
improvements which could be realized within a useful time acale, actions
recommendations have been made tc the Bureau. In Volume I of this report
it was recommended, based on the analysis to date, that the following
actions be prosecuted:

1.

The incorporation of optimized search areas, bundwidth
switching and bright display (enhanced operator environ-
ment) can be achieved during the time availabls for the
development of this system. Collectively they represent
a major iamprovement in system perfoimence. The first two
of these items have been tested (in part) by the con-
tractor and the resulting improvement is detailed in this
volume,
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2. While the exact availability date for & situation
dieplay such as the Triangle System is not predictable
at the present time, concerted effort should be directed
towards ite development. The incorporation of such a
display will represent a major improvement in overall
system performance capability, The Bureau of Aervnautics
is pursuing a program which will result in incorporation of
tae airborne elements of a situation display.

3. While the analysis to date has indicated that additional
range above that realiced from Items (1) and (2) above is
very desirable, the incorporation of such items as &
larger dish should be delayed until sufficient analysis
is completed either under this study program or by the
fire control contractor to allow arrivel at an optimum
balance batween dish size and gimbal sngle coverage. Fnr
exsmple, 8 currently proposed "improved" version of the
antenna calls for a usefully large gimbal angle. However,
the diameter and conditions of mounting cause the antenna
to be obstructed by eittranecus material. Thus uhe total
gimbal engle is not in fact usable. Based on the work of
this study and on contractor anaiyses, & reasciable com-
prorise between uncbstructed gimbal coverage and dish size
2an be reached.

PHASE VI - STUDY OF IR TIE-IN FOR AT FIRE CONTROI SYSTEMS

To date, a survey of government agencies and contrectors working
in the field of IR has revealed thai data on performance of equipment
operating in the band of the proposed IR sesrch and track equipmert and
data on the IR radiation from high speed aircreft at altitudes of interest
is practically non-existent. The limited dats that is available has in
general resulted from a multiplicity of scaling of test data taken under
unrealistic conditions (tsrget aircraft tied down on the deck). Thus the
statements made in Volume I (data lacking) still apply. To date, the un-
defined state of the IR capability in the AT fire control system is such
that analysis is not warranted. Thus the Navy study heas concsntrated on
revealing the deficient areas of the primary fire control system. As soon
a8 results from tests currently underway at NOTS, Aerojet, Eglin Air Force
Bage, ¢tc. become availlable, an investigation will be made to see 1f IR
can supplement the deficient areas of the primary system.
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PHASE VII - REPEAT STUDY PHASES I = VI FOR SPARROW III WITH IR SEEKER

The stetementa made above in the section on IR search and track
are even more applicable to the pro,osed long wavelength IR dp. III.
In addition, they apply equally well to the currently available IR
seeker (DAN=5) wheu a supersonic target is involved (afterburners).
About the only data avallable where there is general agreement on
the results, is that related to the DAN~5 seeker performance whun opers
ating sgainst a subsonic Jet target.

Figures 100 and 101 show the resulting polar plote for attacks
made by an interceptor flying at M 2.0 or Vpgx. Figure 100 shows the
results of attacks made at 50,000 feet. The target velocity is
873 ft/gec. It 18 seen that the seeker restricts the attacks zones to
within = 70° off the target's tail. The resulting attack courses are
restricted to approaches from 90° back to tail~on. Figure 101 shows the
results for attacks made at 30,000 feet. The results are essentially
the samse.

As uoon as reliable data becomes available on the performance of
longz wavelength and short wavelength detectors and on target radiation
charactesristics they will be included in the study. Since the attack
courses are already generated (same courses apply to Sparrow III con-
ventional), it 1s a relatively simple task to include the resulting attack
zonea.

PHASE VIII - REPRAT STUDY PHASE I-VI FOR SIDEWINDER

To date,data on the performance of the proposed Sidewinder IC
has not been received from NOTS. Thie includes serodynamic as well
as seeker performance data. NOTS 1s currently preparing this data and
eaxpects to complete the work in the near future.

In lieu of and in anticipation of data on the Sidewinder IC,
pure pursuit trajectories were generated for various speed and altitude
conditions. Mlgures 102 thru 104 give examples of some of the resulting
polar plots. More complete coverage is given in Appendix VIII of Volume IV.
The Sidewinder IA launch zones (prepared by NOTS—aercdynamic restrictions)
are shown on these polar plots. The approximate effective launch zones are
énclosed by heavy lines. The polar plot of Fig., 102 shows the regults of
attacks made at 30,000 feet altitude when V, /VF = 1.0 and Vp = M2,0. If
the same 3 g criteria is applied as was used in the y—eceding portions of
the study, it 1s seen that entry, under these conditiuns, into the usable
launch zone (lasbeled D) cannot be made.
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Figure 103 shows the results when the speed ratio (Vp/Vp) is
reduced to 0.8. Here it is seen that attacks must originate afg of
65° (3 g limitation).if entry into the launch zone ia to be made.
Attacks aft of 90° will result in large penetration distances.

Figure 104 shows the results of reducing the speed ratio to
0.45 (todey's target). For this condition the results are essenti-
ally the same as those for Vq/Vp = 0.8. Penetration distances, how-
ever, will not be large for any attack aspect,

Figure 105 gives a comparison of probable performance of
Sidewinder IC as compared to Sidewinder IA at 50,000 feet when launched
from an interceptor whose speed is 1,940 ft/sec and V;/Vp = 1.0, The
zone given for Sidewinder IC is based on very preliminary estimates
made by NOTS and is restricted only by serodynamic considerations. It
is seen that when the 3 g criteria is applied, entry into the Sidewinder
IAozone could not be made, However, cover a narrov region beginning at
62° off the target's noase, entry could be made into the Sidewinder IC
zone.

Based on the requirement of entry into & relatively narrow
region about the tail of the target fo. Sidewinder launch and on the
fact that pure pursuit trajectories are required for Sidewinder while
lead pursult courses are desired for Sparrow III, a cursory look at the
mixed load compatibility with current vectoring practices (offset lead
collision) has been started. Figure 106 gives an example of the type of
analysis underway. This shows the probability of successful arrival to
missile launchk for the Sparrow III faor various types of vectoring doctrine.
The current redar is employed. The altitude of attack is 30,000 feet and
Vp/Vp = 1.0where Vp = 1,897 ft/sec. The soiid curve shows the results
for pure collision vectoring and is the same as presented before. The
dashad curve shows the results of pure pursuit vectoring on probability
of success. It is seen that for the head-on case, the probability of
success for pure pursuit and pure collision is the same (46%).
AtV = 3o° the pure collision course results in the highest probability
of success. This is as expected becauas the problem of converting to a
lead pursuit course from a pure collision course (larger lesd angle) is
easier than converting from a pure pursuit to a lead pursuit in the small
time available. At“T = 60° the pure pursuit vectoring is best because in
this region gimbal angle is the primary restriction in the lead collision
approach,

The remaining curve (that designated by ——— = —= o cmem o= )

gives the resulting probability for a deviatud pursuit vectoring approach.
For this cese 15° laad angle was selected for exawmination. As could bhe
expected, when’}’ = 0~ this deviated pursuit approach yields the worst
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results, This 1i because the lead angle is too large. However, for
both °= 30° and 60°, the ceviated pursuit approach yields the best
results. This is because the gimbal angle restriction has been
lesrened in conjunction with a requirement for a lesser correction to
get to the correct lead pursuit course.

It 18 obvious that this is a very preliminary analysis. The
necessary steps are further analysis on optimum vectoring tactics for
Sparrow III, compareble analysis of tactics for Sidewinder IC and

reduztion of results to a compromise compatable with fleet vectoring
capability.
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CONCLUSIONS AND RECOMMENDAT IONS

Introduction

The conclusions and recommendations given in Volume I apply
equally well here, They have been extended to cover the additional
areas of investigation and are detailed below, Even though there
are additional areasz of needed study, as detailed in the text, mueh
useful data is now available as a result of the Navy's study. As
stated in Volume I, inferences can be drawn (and in fact have been
drawn) vhich will be useful in,

(1) formmlation of the basic system configuration,
(2) develorment of a situation display,
(3) formulation of tactical doctrine guide lines,

(4) revieion of operational concept for usage of secon-
dary misslle seekers,

(5) establishing applicability of secondary AI fire con-
trol systems, such as IR, to the deficient areas of
the primary AI fire control system,

(6) establishing lowest acceptable limits defining a
useful Navy system, and

(7) starting immediate action on Items 1 thru 6 above in
order that useful attainment of operational require-
ment objectives can be achieved.

Detailed Conclusions and Recommendations

A, Bystem Using Available Hardware

1. The results of the study using the barrier method of
analysis (wherein each barrier represents 85%-90% probability) of the
ideal situation for high altitude (co-altitude) attacks given in Volume I
apply equally well here. Additional results for 1,000 feet altitude are
presented in this volume. The following conclusions are indicated:
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(u) When VT/V = 1.0 'where Vp = V. ,' the interceptor must
start his approach from Porward of 70° off the target's nose if entry .
into the effective attack zone 1s to be made.(see Fig. 5).

{b) When additional time is added representative of that
encountered under tactical conditions (required to reduce initial vec-
toring errors dow: to allowable launch error of the missile) the effec-
tive attack zone, except for a amall reglon aft of the beam is eliminated.
This zone must be entered via a 10° corridor between 60° and TO° off the
target's nose,

(c) When this totel system settling time is considered, even
the case of VT/VF = 0,8 will be extremely marginal. The forward effec-
tive attack ione is eliminated.

2. In Volume I the results of making sttacks with the interceptor
operating under Vormige conditions wers given. fThe ztudy results givean
in this voiume indicate that when attacks are against high-speed targets,
there is only & minor chenge in capabillity when the interceptor starts
at Veruigse and accelerates toward Vmax. As would be expected, a slight
inerease in allowable approach aspect occurs.

3. If the F8U-3 1s restricted toc its deaign acceptance limit
(M 2.0) the resulting co-altitude performance of the X1B system is es-
sentially the same as that cf the X1A (neglecting difference in eltitude
ceilings).

4, The pull-up capability of the X1B system is essentially the
same as that of the X1A system when operating altitudes of the FLH-1
are considered. However, the resulting attack zones for the X1B will
be extended in altitude over those of the ¥1A due to the greater alti-
tude capability of the F8U-3. There is an approximate 4000 feet altitude
capability difference between the two tystems,

5. The allowable launch error for Sparrow III is a functiocn of
altitude, aspect angle at the time of entry iwto the launch zZone, gimbal
angle limits of the AI radar and the point in the launch zone where the
interceptor is in a positicn to lsunch the wesapon.

(a) Against a high-speed target, attacks entering the launch
zone close to head-on result in very small aliowable launch errors. As
the attack moves around toward the beam, the ailowable launch error
increases.
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(b) For purposes of this study6 the allowable launch
error has been fixed at 10°, When a 2 & value of
noise is included the allowable launch erroxrs
will be much less than 10° for many of the situations
investigated.

6. The probability of successful arrival to missile launch in co=-
altitude attacks agalnst nonmaneuvering targets, when limited by some of
the degrading factors such as gimbal angle limits and vectoring inaccur-
aclies, are given in Volume I and this volume of the report, When the
attack altitude is 50,000 feet and Vp = M. 2.0 the resulting probab-
ilities of successful arrival to misslie launch ares

(a) for Vp/Vp = 1.0 the probability starts out at L%
for the head-on case * = 0, increases to 52% at?” = 30° and drops to
zero when 7Y = 60°,

(b) for Vn/Vp = 0.8 the probability starts out at 48 for
T = 0°, increases to ?3% at 1T = 30° (correction on Volume I results)
and decreases to Li% at T = 60°,

T. When the altitude of attack is 30,000 feet and Vp = V,
the resulting probabilities of successful arrival to missile launch are:

(a) for Vp/Vp = 1.0 the probability starts out at 45%
for T°= 0°, increases to 53% at 7" = 30° and decreases to 0% at T = 60°,

(b) for Vp/Vp = 0.8 the probability starts cut at 52% for
T = 0°, incresses to 75% at T = 30  and decreases to k% at -)* = 60°,

8. When the altitude of attack is 1,000 feet and Vqp/Vp = 0.8
(Vi = M 1.07) the probabllity of successful arrivel to missile launch is
52% at T = 0°, 60% at T= 3C° and 47% at T = 60°. (The AI radar ranges
used in thls study of the 1,000 ft altitude case are believed to be
optimistic).

9. The effects of incorporating the currently estirmated improve-
ment in AT detection range resulting from the use of a separate ¢operator
a3 shown bty the study for:the 50,000 ft altitude case are:

(a) The improvement in probability of successful arrival to

missile launch for the high speed target case (Vp/Vy = 1.0) is from 46% to
54 for T = O° and from 52% to 60% for T = 30°.
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(b) When the speed ratio is reduced to Vp/Vp = 0.8, the resuli-
ing improvement in probability of success is from 4LT% to 66% for T = 0
and from 73% to 79% for T = 30°.

10. In pull-up attacks against a M 2,0 nonmaneuvering target at
65,000 feet altitude by 8 M 2,0 or Vpax interceptor the resulting proba-
bilities of successful arrival to missile launch are as follows:

' (a) When the pull-up ie initiated from 30,000 feet the proba-
bility is zero. :

(b) When the pull-up is initiated from 45,000 feet altitude
the resulting probability is 6$. The primary limitation is inability to
reduce the error down to that allowable for launch.

(¢) Wnen the pull-up is initiated from 55,000 feet the result-
ing provability is 13%. Here the primary restriction results from exces-
sive gimbal angle.

11, When the target altitude is reduced to 50,000 feet the proba-
bility of successful arrival to missile launch varies from 6% for pull-ups
initiated at 30,000 feet to 46% for the co-altitude case.

12. When co-altitude attacks are considered and the target initiates
a relatively simple maneuver at AI radar lock-on (1 g crisscross maneuver)
the effect depends upon the direction of the initial maneuver (except for
the head-on case). This maneuver, although mild, is believed realistic
since the primary job of the target is to deliver its own weapon.

(a) As would be expected, there is no difference in the
probability resulting from an initial turn to the left (away from the
interceptor) or to the right (toward the interceptor) on the part of the
target for the head-on case. When the attack occurs at 30,000 feet and
Vp/VF = 1.0 the resulting probability is 42.5%6. When the speed ratio is
reduced to 0.8 the probability is 53%. Comparing these results with
those given previously for the nonmaneuvering target it is seen that
there is an insignificant difference in the probabilities.

(b) When the approach course is from 30° off the target's noze,
a maneuver to the right results in a 51% probability of success &ud a
maneuver to the left results in a 56§ probability of -success fc. Vp/Vp = 1,
When the speed ratio is reduced to Vp/Vp = 0.8 the corresponding proba-
bilities are 62¢ and 77%. Comparing these results to those obtained
for the novmaneuvering target it is seen that there is a negliginle
difference in the results. A maneuver to the right always decreases

62 CONFIDENTIAL



the probability slightly while a maneuver to the left always increases
the probadbility slightly (mcve time availabtle),

13. Ao stated in Volume I, when additional degrading factors
ere considered, the probabilities listed above will be reduced still
further.

1%, fTheoretical calculations of wsather effects in the perfor-
mance of the current AI radar indicate that rain will degiade the
range capability to the point where it is completely unacceptable.

The current radar has an 85% probability of detecting a B-U7 size
target (high speed case) at 12-13 n.mi. This would be reduced to
2.8 n.mi. in the presence of a light rain.

System Usging Improved Radar

1. To date, the improvement resulting from the use of
a bright display, bandwidth switching and optimized seareh
heve been inciuded in the study. The resulting radage ‘mprovement is
from 12.7 n.mi. to 19 n.mi. For a M 2.0 interceptor attacking a M 2.0
target.

2. Wber the improvements of Item & are considered along with
a system having gimbal angle limits of T 57° the resulting probabilities
of 'successful arrival to mlssile lsunch for atiacks occurring at
50,000 feet and Vp » M 2.0 are:

(a) 75 for Vp/Vp = 1.0 and T’ = 0°. For the
uniwproved radar the corresponging probability was ub%.

) (b) 89% for Vp/Vp = 1,0 and}’ = 30°. For the
unimproved radar the corresponding probability was 52%

(c) 8% for Vp/Vp = 1.0 and T = €09, For the un-
improved radar the correspondfng probability was O%.

() 84$ for Vp/Vp = 0.8 and T" = 0°, For the unim-
proved radar the corresponding probability was LO%.

(e) 91% for Vp/Vp = 0.8 and T = 30°. For the -aim-
proved radar the corresponding probetility was T3k,

(£) 89% for Vg/Vp = 0.8 andT" = 60°, For the unim-
proved radar the corresponding probability was bug.
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3. The probabilities of successful arrivel to missile lmuach
for attacks occurring at 30,000 feet are essentlally the same as those
resulting from attacks occurring at 50,000 feet (see Items 2 axd 3).

4, When the attack occurs at 1,000 feet altitude and Vp/Vy = 0.8
where Vp = V the resulting pranbilities of luGGSllM arrival to
migsile laun are 829 for ‘T = 0°, 84 for V' = 30° and 768 for 7V =
60°, Three results are based upon theovetical calculations of AI redar
performa.ice and upon limited test data from NATC and are believed to

be optimistic.

5. When the estimated difference in prrformance of the Al redar
in & two-place system versus single.place operation is considerel
(12%) a minor change in probability of successful arrival to missile
launch oceurs. For example when the attack occurs at 50,000 feet and
Vo /Vp' = 1.0 where Vp = M 2.0 aad 7° = 0° there is an improvement from
5% {o 8ig. When 7* = 30° the improvement is from 89% to 92%.

6. Yor the target maneuver investigated in this study (1. g criss-
cross) there is a negligible effuct on probability of successful arri-
val to missile launch under co-altitude attack conditions.

7. When pull-up attacks are considered and & system employing
the improved radar is investigated there is a major improvement in
probability of successful arrival to missile launch. For example,
attacks against a target flying at 65,000 feet and M 2.0 yield proba-
bilities as follows:

() When the pull-up is started from 25,000 feet altitude
the probability is 17¥. With the unimproved system there wvas nd
protability for pull-ups initiated below 38,000 feet.

(b) When the pull-up is started from 45,000 feet the proba-
bility is 50%. For the unimproved system the corresponding probability
was 6.

(c) When the pull-up is started from 55,000 feet the proba-
bilit% ia 75%. For the unimproved system the corresponding probability
wvas 13%.

8. As stated previously, if the F8U-3 is restricted to N 2.0
operation the results obtained will be the same as for the FAH-1 (within
the altitude envelope of the FUH-1). However, the FSU-3 has & greater
altitude capability than the FUH-1 thus the resulting effective attack
zones obtained in this study for pull-up attacks will be extended up-
ward from 58,000 feet to 62,000 feet.
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C.

General System Considerations

l. The study results indicate that careful consideration must be
givan to placement of early warning equipment with respect to fleet
ceuter 1{ a tactically useful system is to emerge.

2. VWhen an sdvanced interceptor is employed (FSU-3 not re-
stricted to M 2.0) rear hemisphers, co-altitude attacks can now be made
sgainat target speeds where the current systems fail, However, the
marginal forward hemisphere area is made even more marginal by the use
of the higher interceptor velocity.

3. To date, the undefined state of the IR capability in the
Al fire control system 1s such that analysis is unwarranted. Thus the
Navy study has concentrated on reveseling the deficient areas of the
primary fire control system.

k. To date, there is insufficient test data available to allow
analysis uf any of the proposed IR seekers except the DAN=5 when oper-
ating against a subsonic target. The resulting effective attack zone is
restricted for high probability, to = 70° off the target's teil. The
attack courses are restricted to approaches from 90° back to taile-on.

5. To date, avallable data on Sidewinder performance is
restricted to Sidewinder IA. In general, when high speed targets are con~-
sidersd, Sidewinder IA is wmsutable for use in these two systems. NOTS is
currently preparing launch envelopes for Sidewinder IC. The increased
range of Sidewinder IC will result in overall system capability in
some regions where the Sidewinder IA launch area cannot be entered by the
interceptor when attacking a target whose speed is nearly equal to his owm
speed.

Recopmendations for Further Study Effort

There are several areas where inveatigation is needed before the
performance of the current system under tactical conditions can be clearly
defined. These are as follows:

1. PFurther study effort is needed on the low altitude investi-
gation when results of planned tests become available.

2. If teats prove that there is a significant difference between

the F8U-3 and FLH-1 Weapon Systems due to a separate operator, the results
of the study to date should be modified to include this difference.
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3. Extension of the co=altitude probability of success curves
to include angles off the target's nose greater than 60° and to include
smaller angular increments is needed.

b, A flight simulator program should be conducted to operstion=-
ally verify the adequacy of model techniques used in the present study.
This would Le a check, using the pilot in the loop, of the eriticn
aress exposed by the current study.

5. Rxtension of the imcremental a)titude study to include azi-
muth angles other than head-on is needed.

6. Determine by study and analysis the acceleration lsunching
transients cconrring during the Sparrow III wmissile launch and the
effects of these transients upon dynamic performance of the missile
internal functicns and missile trajectory to the target.

7. Determine by study and analysis the effects of noise and
missile orientation on system accuracy, both with and without "English
Bles".

' 8. Determine by study and analysis the illumination require- '
ments after Sparrow III launch in conjunction with breakaway require-
' mnents and aireraft normal flight recovery requirements. '

9. Inveatigation of limits imposed by hydraulics on pull-up
probability is needed.

There are still severa) areas where additionsl analysis is needed
. to allow more complete definition of the performance of the improved
system. Among theses are:

1. Extansion of the analysis of the FUH-1 and F8U-3 incremental
altitude capabilities with the irproved system at aspects other than head-
on.

2, Extension of the analysis of co-altitude probability of
success to include anglea greater than 60° off the nose and to include
smaller angular increments.

3. Verify by flight simulator tests the sdequacy of the results
obtained from the dsscribed model.

b. Iaclusion of actual missile performance during ejection launch
and after lauanch. This iiclules transient effecta during lsunch.
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5. Inclusion of the effects of noise and missile orientation both
with and without "English Blas".

6. Verify by flight simuation study the effects of & situation

display on system probability of success and develop optimum approach
tactics,

T. Determine by study and analysis the sensitive elements of the
FiH=l and the F8U=3 Weapon Systems mechanizetion and their accuracy toler=
ances.

8. Determine by study and analysis the feasibility and possible
advanteges of using alternate guidance systems (different from those
covered in this volume) in the FiH-1l and the FEU-3 Weapon Systems.

In addition to the preceding basic system areas of investigation,
there are several areas where data is lacking. These are:

le Performance dota on the Sidewinder IC.
2. .srformance data on the Sparrow III-IR.
3. Performance dats on the IR Sesarch and Track.

As soon as data on these areas becomes available, it should be
included in the study effort.
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