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INTRODUCTION

The Bureau of Aeronautics has contracted with Westinghouse, Air Arm
Division, for analytical services to be used in a study to establish the
tactical use capability of the F411-1 and F8U-3 Weapon Systems. This
study is conducted under the technical direction of the Naval Reaearch
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 responnibility and in particular the responsibility of the
technical directors (NP.L). This report is the third in a series devoted
toward carrying out this responsibility.

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, along with supporting material pre-
sented in Volumes IV through VIII represents the remaining study effcrt
for the current contract.

As the current study program progressed, it became obvious that many
of the critical areas of th- weapon systems could not be analyzed in
detail. Among the reasons are: 1) emergence of sensitive areas as a
result of the study to date 2) lack of input data required for investig-
ation of sensitive areas, time required to investigate additional
sensitive areas, and 4) increased financial support required. Much work
remains to be done. Because of this, negotiations are. currently underway
to extend the study conti'act for an additional year. NRL believes that it
is imperative that this extension be approved. The study results to date
have and are being used by the Bureau in making decisions on hardware
development. They are being used as inputs for design and development of
long lead time items. The contractors involved in syetem developLment are
using these study results as guide lines for their own study efforts. Last,
but most important of all, is the fact that for the first time in the
history of air-to-air weapon systems, the Bureau of Aeronautics and their
associates have an estimate, based on Navy inputs, of the tactical use
capability of a propos.ad system prior to the time of military tests.

The Navy study has and will continue to be a cooperative effort.
Wherever possible, duplication has been avoided. Input data for the study
has been obtained from the government facilities which most logically 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 NAMrC, Ft. Mugu.
In addition, the facilitles of the various activities have been, in effect,
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pooled in order that special talents and equipments can be employed.
The results of NAZ.C, Pt. Mugu simulator studies to ascertain the allow-
able launch error for Sparrow III and the effects of hydraulic oll linits
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
studies 6a Sidinlnder have bien 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 tu 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 basic outline for the Navy's Sbudy 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 air-to-air missile study program. As originally
planned, the outline wan intended to be a general guide having flexible
elements in order that additionally needed study areas which developed
as the study progressed, could be included if desired. A second
investigation, considered separate for contractual reasons, was planned
to be essentially a repeat for the Sparrow II missile of Phawes I to V
of the basic study. The Sparrow 11 study and Phase VIII of T)able I were
postponed in order that more pressing problems could be investigated.
It is proposed that the tactical use capability of alternate guidance
techniques be investigated in the extended study program.

2 CONFIDENTIAL



TABLE I

OMfLME OF NAVY AIR-TO-AIR MISSILE 8¥•YSM STUDY FROGRAM

PHASr r System Performance Under Ideal Conditions

A. Airoamft Characteristics

1. F4H-1
2. F8U-3

B. Altitudes (co-altitude Leo)

2. 1000 feet or less
2. 30,0OO feet
3. 50,000 feet

C. Interceptor Velocity

1. FEH-l at altitude IV,, & Varuse)
2. F8U-3 at altitude (Vmax & Vcruiseý

D. Target to interceptor speed ratio for interceptor at Vmax

1. 0.451
2. 0.8 Some cases may be trivial and will not be used

-3. 1.0)
Target speed resul~ing from above will be used for inter-
ceptor at Varuise

E. Conditions

1. Perfect vectoring
S.. 8traight line flight path

3. Current Al detection capability
4. B-47 size target
5. Preparation time - two cases determlned by study
6. Sparrov III - capability of current seeker is to be used
7. Sparrow III - aerodynamic capability of current missile

is to be used
8. Gimbal angle limits in F4H-l and F8U-3 aircraft

a. AFQ-72
b. Seeker
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9. Illumination consideration - Geometry of
keeping both target and missile illuminated.
Illumination requirements to be determined by
study.

PHASE II System Snap-up Performance Under Ideal Conditions

A. Ap C, D, and E - same as Phase I

B. Altitudes (snap-up case)

1. Target

a. 30,000 feet
b. 50,000 feet
c. 65,000 feet

2. Interceptor Altitud'ý - To be determined by

study of system capability.

PHASE III Systeri Performance Under Expected Tactical Conditions

A. Target maneuver

B. Vectoring accuracy

C. Weather

D. !imits imposed by interceptor tactics

1. 01ýmb capability
2. *ndurarce

3. Dead time

Z. Countermeasures

1. Airborne weapons system

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

A. Improvements proposed:

1. Search *olume optimization

4! CONFIDENTIAL

i :3



2. Triangle system vectoring
3. Automatic alarm
4. Improved receiver noise figure
5. Back-biased range and display 17 amplifier with broad-

band switching
6. Gated narrowband angle track IF amplifier (home on jam)
7. Bright display
8. Provision for switching polarization (circular and

vertical)
9. Broad banding of the plumbing

10. .littered PRF
11. Antenna with high altitude feed
12. DIproved two-speed APC
13. Relocation of CO injection plumbing to increase gimbal

angle in elevation
14. Nonsaturating AGC

PHASE V Study to determine and assess realizable system improvements

A. Al Radar

B. Missile

C. Vectoring

D. Tactics

PHASE VI Study of IR tie-in with the fire control system

PEASE VII Performance capability of Sparrow III with an IR seeker

PRASE VIII Sparrow X performance capability

PHASE IX Repeat study Phase I through Phase VI for the Sidevlnder
I-B and I-C

CCW~1TIAL
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As listed in Volume I, a working framework for the study, which
consists of six parts, has been construoted aainst which the perfor-
mance of each system combination Is analyzed. This framework is re-
peated here:

Part 1: Development of effective theoretical co-altitude
attack zones under ideal conditions.

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

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

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

which are being considered by the Navy.

Part 5: Study to determine and assess realizable improvements.

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

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

F4K-l and F8U-3 WEAPON SYSTEMS PERFR)MANCH MM MA CONDJIOS - INT
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 will indicate a capability representative of the best that can
be achieved with high probability. 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 realizable rather than infinite quantities.

•" Radar Anlalwes

In VoLI I, the parameters of the 62 lot AN/APQ-72 radar were
,given. Attvm zones resulting from the use of this radar were presented
for high altitude targets. Analysis of the low altitude case was not
presented because of the lack of data. Limited data is now available
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On the low altitude performance of the AN/APQ-50 (same as radar of 62
lot AN/APQ-72). Figure 1 given t.e results of low altitude testsI con-
ducted by NC, Patuxent using the AN/APQ-50 against an F2H-2 target,
head-on aspect. The 85% probability of detection range (7.2 n.mi.) will
be extrapolated to a 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 perform-
ance of the 62 lot AN/APQ-72 radar. A discussion of the correCation
between these two curves will be given later in the report.

To date, differences in radar performance in a two-seat aircraft
(FAH-1) and a single-seat aircraft (F8U-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% range improvement in
the two-seat system. This is not supported by test data and for this
reason has not been considered in detail. As fM, as the improved sys-
tems are concerned, there are many who feel that an optimized system
for the single-seat application will yield as good performance as one
for the two-seat application.

Aircraft Ane-lyses

In Volume I all attack zones were generated using FAH-1 character-
istics. Since the preparation of Volume Tk complete data has become
available on the F8U-3. While the F8(-3 has & power plant which yields
a maximum speed capability greater than that of the F4H-1, the aircraft
and its auxiliaries are only guaranteed for M 2.0 operation. Using a
constant power setting equivalent to M 2.0 the results obtained for the
F8U-3" are ess. ntially the same as for the FfH-l (within the limits of
this study) for the co-altitude attacks. As shown in Volume V, the ad-
vantages gained by the F4H-i through higher performance in acceleration
is offset by the greater maneuverability of the F8U-3. Hovever, 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 aircraft versus a single-seat aircraft has not been
included in the study to date. The performnce 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.

Mi1ssile Analyses

Data describing the performance of the Sparrow III missile was given
in Volumes I and II of this report. Additional data required at that time
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consisted of contours outlining the hydraulic oil limits oa the current
missile. Figureb 3 and 4 give overlays developed by XIOCP9 which depict
the effect of the hydraulic wing servo system performance on this missile.
These curves indicate that against .a nonmaneuvering target, the hydraulics
available should not limit the Sparrow III performance when used in co-
altitude attacks. On these figures, curve C represents the maximum inter-
lock range, curve R the hydraulics oil limit range, and curve M the range
for M 2.0 missile velocity at intercept. The mxim=m range interlock
curve given here Is. actually a combination of mechanized maxim= interlock
and the 6.5 n.mi. interlock. Nxamination of these curves show that if the
maximum interlock range was increased to more closely approximate the
maximum range curve (MI hydraulic oil consumption might become a problem,
especially at 50,000 feet altitude.

PWABE I - SYS= PMM CE LU•DIR WEAL CONDITIOM - RZOWTAL A!TACM

In Volume I of this report the results of investigations conducted
to determine the effective attack zones for the F4H-l Weapon Stem in
horizontal attacks under "ideal" conditions were presented. As stated
previously, when the F8U-3 is limited to a power setting equivalent to
M 2.0, the ,zesults using both aircraft are essentially identical (see
Volume 7). Therefore all curves of Volume I relating to co-altitude
attacks shAld now be considered representative of the results which would
be obtained vith either aircraft.

At the time Volume I wva viittpn the work remaining vans,

(a) investigation of the effective 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 V.. in those cases where the attack began at Vorulse.

item (b) '3.dove was discussed in the preceding sectLon. The result is that
hydraulics do not represent a liiW 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
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the 85% detection capability of the AN/APQ-50 (Fig. 1) to a B-47 size
target and degprding It 10 db for field degradation. While the data
represented by Fig. 1 is very limited (very little known about the
clutter conditions) and represents a non-co-altitude attack, it is the
best data available at the present time. The Bureau of Aeronautics is
currently planning a series of tests at UATC against the actual target
of interest. As soon as this data Is available it will be incorporated
in these results.

Referring to Fig. 5, it is seen that against a B-47 smse target, the
head-on detection range is 6.1 n.mi. Comparing this to the theoretical
calculations of Fig. 2, it is seen that this corresponds to a co-altitude
attack occurring at 5000 feet. Here again, the results of Fig. 2 are
questionable since little is knovn about the correct value to use for the
surface reflective coefficient. Because of the nature of the original
tests, it is belived that the AI radar data used for these low altitude
cases is optimistic.

The contours describing the effective attack zones of Figs. 5 thru
7 are curve A (85% probability of AZ detection nange), curve B (AI lock-on
range), curve C (Sparrow III maximum aerodyntaic range), c.urve D (Spar-
row III minimum aerodynamic range), curve E (constant load factor loci
Nz - 3), curve F (90% Sparrow III seeker lock-on range), and curve G
6.5 n.ni. interlock range).

Referring to Fig. 5, it is seen that for the conditions of V /VF - 1
and V ý- V ,. there is essentially no forward hemisphere capability even
for ;tis "W"eal" situation when 85% to 90% probability of success is as-
signed to each barrier. If a 10 second lock-on time is used, the zone
forward of 600 off the target's nose is virtually eliminated. The usable
zone Is thus restricted to 600 off the target's nose and aft. The usable
approach courses are those between 300 off the target's nose and 70° off
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 maxi•u areodynamic range, Sparrow III minimum aerodynamic
range and the range at which the load 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 these overlays for 1000 feet altitude. lack bf seeker perfor-
mance data at this altitude precludes the use of a more realistic seeker
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 settle 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 attocksg this time varies between 10 wa 20 seconds.
If a curve Is drawn through the 27 second points (selected as a mean value)
on the overlay of Fig. 5, it is seen that except for a very small zone
aft of the beam, the effective zone is eliminated. It is very interesting
to note that the small remaining zone can be entered only through a corridor
l0° wide or from angles off the nose of the target between 600 and 700.

Figure 6 gives the effective attack zone for the case of VT/VF - 0.8
and Vp = Vex. Since there is a speed advantage, around-the-clock approach
courses can be used. In additionp the usable effective attack zone has been
increased in the forward hemisphere due to the reduced closure rate. The
effect of the reduced closure rate is to increase AI detection thus in-
crease the range at which lock-on occurs and to reduce the minimum aero-
dynnaic range (Emin). The limiting parameters are the sam as those of
Fig. 5 except that the N2 a 3 curve does not result in a limit.

The effective attack zones for the 1000 feet co-altitude attack
where VT/VF - 0.45 and VF - VX is given by Fig. 7. As in the case given
by Fig. 6, around-the-clock attorcks are possible. Essentially all of the
maximum aerodyna•ic range is now utilized. Except for a very small region
around 200 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) Wven under "ideal" conditions and using optimistic
detection ranges, high speed engagements result in essentially no
attack capability for high probability of success.

(2) When additional time in added to reduce vectoring errors,
even the use of VT/VF - 0.8 will be extremely marginal. No forward hemi-
sphere capability exists.

(3) As the relative closure rate is reduced to the case of
VT/VF - 0.45, the effect of the delay required to lock-on is reduced.
However, when the preparation time comparable to that required in the
tactical situation is eMployed, the forward hemisphere capability is wiped
out.

10 CONFIDMTIAL



In addition to the attack zones described above, much additional
valuable inforzation relating to parameter variation can be obtained from
the comnputer generated courses. Samples of the Vrameter variations are
given in Volume I. Figures 6 a thru 6m of this reyort give additional plots
of the parameters involved. Two new plots different from those of
Volume I are given here (% and li). These quantities represent the
antenna rates in airframe coordinates while wk and wj values given in
Volume I and here in this volume are antenna rates ig space coordinates.
Parameter plots for all courses investigated in the study to date are
given in Volumes VII and VIXT.

The parameter plots of Figs. 6a thru 6a give the rzsults
obtained for 1000 feet. co-altitude attacks where VT/VF . 0.8. The para-
meter, are defined as follows:

S- lead angle in azimuth

Xe a lead angle in elevation

X a total lead angle in the plane of action

w• angle between target velocity vector end the line of
eight measured from the nose of the target

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

w - angular rate of the line of sight in the elevation
plane of the antenna system (space coordinates)

-k - angular rate of the line of right in the azimuth plane
of the antenna system (space coordinates)

L/W a load factor

* ft roll angle
VF m speed of the interceptor

a a angle of attack
S- azimuth antenna rates in airfraw coordinates

1e = elevation antenna rates in airframe coordinates

11 CONFIDENTIAL



On the courses presented, A, B, C and D correspond to the maximum aero-
dynamic range of the missile (Pn1 ), the minimum aerodynamic range of tho
missile ( load factor I 3, and impact for a miscle fired at
Pmin respectively. Figure 6a gives plots of X. versus range for the runs
corresponding to those of Fig. 6. For all courses, conversion to successful
attacks could be madeA X. varies between -26 degrees at the beginning of
the rune and 0 to -10' in the vicinity of minimum aerodynamic range.

Fiw•ue 6b gives plots of elevation lead angle (x,) versus range.
The case of 7'. 60 gives the largest elevation gimbal angle during the
portion of the run that is of interest. As shown on the figure, the
elevation gimbal angle for this case varies from -6.50 to 240. Of course
the situation wil. deteriorate as one deviates from the perfectly vectored
situation to one representative of the tactical situation.

Total lead angle (.%) versus range is plotted on Fig. 6c. These
curves show the combined effects of Figs. 6a and 6b. Figure 6d gives
the angle off the target 'I nose (-r) as a function of range for the
various approach courses. Figure 6e shows the herding angle (t) versus
range.

The azimuth antenna rates in space coordinates (wk) for the courses
of Fig. 6 are show; on Fig. 6f. Here again, the rate gets largest for
the case of1'. 60u. For this case wk varies from 0.5 deg/sec at the start
of the run to 1.5 deg/sec in the vicinity of Rm-n" The elevation antenna
rates in space coordinates (cu ) are shown on Fig. 6g. Again the highest
rates ar* encountered on the 'a 60P 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 tbr 6o.

The load factor (:) variation is shown on Fig. 6h. On the attack
zone overlas of Figs. 5) 6 and 7 one of the limiting conditions is that
resulting from L/• 3. As seen on Fig. gh, 4w - 3 is encountexed on the
course orJginatiQ at l a 300 and T w 60 and occurs at approxiuately
5000 feet on the runs. Figure 61 gives the roll angle (0) versus range. As
can be seeg front this figure, even in the perfect situation roll angles as
high as 75 are encountered during the approach course. Figure 6 shows the
fighter velocity (Vj t) during the runs. These curves illustrate the slow-
down resulting from a lead pursuit run. The curves of Fig. 6k give the angle
of attack (a) versus time. For the-" 300 and 600 cases, the angle of
attack builds up quite rapidly.
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In Volume I polar plots were given for attacka started with
the Interceptor operating under Voru0 e conditions. The lower inter-
ceptor speeds were chosen• to study the possible system improvement as
a result of lover closing velocity. Figures 8 thru 10 are a conlinu.
ation of this inveetigation. The attack occurs at 1000 feet altitude.
The interceptor is assumed to be at Vcruise at detection and continues
at Veice throughout the engagement. The result is greater detection
ranges and reduced effects of preparation time in the forward hemisphere.
Theme factors are illustrated by Fig. 8 where VF= Verites and YT 1189
ft/sec. 0omparinp the overlays of this figure to those of Fig. 50 it is
seen that the head-on detection range for 85% probability has been
inoreasutt from 6.1 ni.mi. to 6.6 n.mi. and the 10 second lock-on point
has mved out in range from 2 n.m±. to 3.75 nami. In Fig. 5 it is seen
that the mone rnorard of 600 is unusable because of lock-on time.
This restriction is rio longer present for the conditions of Fig. 8.
1ikve - attack& mist originate forward of 420 off the target's nose.
'rtiurus j 'o LO ;ive polar plots for reduced target speeds.

The study of the case of an interceptor beginning an attack
under V .iuceoonditions is not complete at this point. The overlays

iven tnVOrlu, I and by Figs . 8 thru 10 assume that the interceptor
starts the run at Vcruise and continues through the engagement under
Vc rise conditions. The obvious question is, N"hat happens when the inter-
ceptor is allowed to accelerate after detection occurs?" The answer is,
"The acceleration times involved are such that very little improvement
is obtained especially when a high speed target is involved." Figure 11
gives the case of a lead pursuit co-altitude attack occurring at 50,000 ft.
The fighter begins the runs at Vcruise (873 ft/sec) and accelerates toward
V~x after detection. The target speed is 1940 ft/sec. The improvement
rialzed 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
(from 450 off the target's nose to 500 off the target's nose). The effective
attack zone is essentially unchanged. Figure 12 gives the results of
attacks made by the same accelerating fighter against a slower target
(1552 ft/sec). Again 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 condition. Comparing this to Fig. 30 of Volume I, it is seenothat
a ma or improvement in allowable approach course is realized (from 70 off
the target's nose to 1800 off the target's nose)* However, the times required
to close range to Rmx on courses originating from 900 off the target's nose
aft are very high (250 seconds and higher).
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The curve ovez'lays of Figs. 14 thru 16 are a repeat of this in-
vestigation described above but for attacks occurring at 30,000 feet.
The results are essentially the same as given above.

Reme•ning Study

The remaiing study effort required for the completion of the
co-altitude attack under "ideal" conditions involves further analyses
of the 1000 feet altitude case. The data presented in this report is
believed bo be optimistic for current radars. As soon as sufficient
test data becomes available, the attack zone overlays should be modified.

Throughout the co-altitude analyses to date, equal radar perform-
ance is considered to exist for either the XIA and X1B systems. If
tests do prove that there Is a significant improvement in performsuce of
the radar in one application versus the other, the results of this study
should be modified to include this improvement. However, if the improve-
ment of Al radar performance is only 12% as is currently estimated, 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 I - SYSTEM CAPABILITIES FOR PULL-UP ATTACK UDR IDEAL CONDITIONS

In Volume I of this study the pull-up capabilities of the system
undmr "ideal" conditions were described. The curves presented were
labeled FfH-l. As will be shown later, if the F8T-3 is restricted to
M 2.0 top sustained speed, the system using this aircraft will yield
performance which for all practical purposes is identical except for a
difference in altitude capability. Thus them* curves with slight modific-ation should be interpreted to apply to either system.

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

Conditions

The conditions of this investigation are as followst

(a) Aircraft characteristics - r4H.1, F8j-3

(b) Target altitudes - 30,000 feet, 50,000 feet, and 65,000 feet
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(c) Interciptor altitudes - as capabl"e from below

(d) Reflective area - B-47 size t..rget, assumed thm same
as for ;=-altitude case.

(e) Velocities - interceptor velocity at ýititude, Vmax and
Vcruise

(f) Target to interceptor speed ratios for interceptor at
Vmlx - 0.45, 0.8p 1.0. Resulting target speeds from
a&ove also used for interceptor at Vcruise.

(g) Perfect vectoring

(h) Straight line flight path (target)

(i) Current AI detection capability - 8ý% probability

(J) Time from detection to lock-on - 10 seconds

(k) Seeker capability - current Sparrow III

(1) Missile aerodynamics - current Sparrow III

(m) Gimbal angle limitations of current AN/APQ-72 rodar -

t- 41 0aimuth, + 470, - 380 elevetion.

(n) Interceptor restricted to 3 g pull-up or Cimx during
tracking portion of the run

(o) Allowable heading error for launching Sparrow III - i0°.

A lead pursuit course is maintained by the interceptor aCter
launch to provide illumination of the target. If the acceleration require-
ments of the course excecd the capability of the interceptor a C1,,. course
is flown. At impact it is assumed that the interceptor is maneuvered
so that the lift vector and the gravity vector are working together
(rapidly redirecting the interceptor downward). To date the recovery prob-
problem haUs received only superficial coverage. The investigation of
recovery was done separately from the actual computer runs as explained above
and detailed in Appendix II of Volume IV. On the computer runs the interceptor
was allowed to follow a lead pursuit run as restricted by CTMax after impact.
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This is shown on the parameter plots of Figs. 17a thru 19i. During
this rortion of the run the 3 g limitation is removed because it
Is possible for the pilot to pull more S's when he in not trying to
solve a fire control problem. If during the breakaway portion of the
,un, a minimum L/W of 0.5 ir. maintained, the run is considered
successful. During thiL portion of the rnm the acceleration conditions
must also be such that CLaax is not exceeded. Details of the method
used in the study are given in Appendix II of Volume IV. Two major

iimpllfying assumptions are made. The first Is that the pilot*
can fly a perfect CLMax courso. This will yield optimistic results
as far ae recovery problems are concerned. The second simplification
is that during the critical part of the recovery maneuver, thrust is
assumed equal to drag. The inaccuracies resulting from these simplif-
ications can be resolved only by more exact investigation. However,
the method used represents a good first look at the problem.

Attack Zones

Figures 17 through 19 are selected samples of the resutlting
usable attack zones described in Volume I. They are repeated here
for ready reference. Parameter plots for selected runs from these cases
will be described. Parameter plots for all runs are included in
Volumes VII and VIII. The points chosen for presentation here are:

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

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

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

It should not be interpreted that the authors are presenting these
runs as representative of the expected tactical situation. This is not
the case. They were merely chosen to show the parameter variations on
runs where specific problems are encountered. On these parameter plots
the points where the interceptor encounters various barriers a.e labeled
as follows:
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0

+ = Start of Pull-up

C> a Start of Lead Pursuit

K W Impact

R min
*....CL =CLMAX

On Figs. 17 and 18 the velocity of the fighter is labeled as M 0.9.
Actually the velocity used corresponds to M 0.9 at 50,000 feet
and was maintained constant for the other runs.

Finres 17a thru 17i give plots of parameter variation for
the run shown on Fig. 17 which originates at 30,000 feet altitude
and 10 seconds delay (* a 17'). On these runs the target's altitude
was 50.,000 reet and its velocity was M 2.0. The interceptor starts
his run at K 0.9 and accelerates toward Vmx. Figure l7a shows the
range versus time variation. For this particular run Lmsx occurred
"at 15.5 seconds after detectior. C i"was encountered 17.5 seconds
after detection or 7.5 seconds after pull-up was started. On this
run the interceptor was never able to reach a lead pursuit course
nor was it able to close the range to Rmin. The impact point is not
labeled because the interceptor was unable to reduce the error to
100 or less between the R~Mx and Fmin ranges.

The curve of Fig. 17b shows the variation of elevation gimbal
angle (le) in degrees as a function of range. As shown, )e varies
betrgen the extremes of -330 and +220 during the run. The book in
the curve at the end of the run indicates that range is beginning to
increase again. Figure 17c gives the elevation antenna rate in
space coordinates (mj) versus range. amj verfes between 1 deg/sec
at the time of pull-up to 11.6 deg/sc at the end of the run.

The angle between the target velocity vector Pnd the inter-
ceptor velocity vector measured from the nose of the target (f) is
ahown on Fig. 17d. It is intereating to note that at the eid of the
run the interceptor velocity vector is 1040 wLth respect to the target's
vector. This means that the interceptor is beginning to fall over on
its bank. Usad factor (I/W) as a function of range is shown on Fig. 17e.
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As shown the loac factor decreases rapidly toward zero. In the region
where the Intere(ptor is falling over on its back, the load factor in
reduced to a pol, t, Llw < 0.5, where recovery will become a problem.
The methoa, of recovery analysis is detailed in Appendix 11 of Volume IV.

The angle of attack (a) as a function of time is shown by Fig. 17f.
a( at the start of the pull-up (10 seconds) Is 70 and increases rapidly
to 160. Figure 17g shows the rapid slow Iown of the interceptor during
the run. Vf at the start of the run is 894 ft/sec. Between detection
and lock-on (10 seconds), the interceptor accelerates to 975 ft/sec.
From this point 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. 17h. The elevation antenna rate in airframe coordin-
ates ();e) is shown on Fig. 17i.

The curves of 18 through 18?i give the parameter 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 873 ft/sec. and
attempts to accelerate toward Vmsx. This run corresponds to a point on
Fig. 18. Figure 18a shows range variation as a function of time. As
shown, bhe interceptor is able to get on a lead pursuit course 12 seconds
after start of pull-up. ... is encountered 32 seconds after start of
pull-up. The impact point for a missile launched at Pm= occurs 44 secs.
after pull-up.

Figure 18b shows the variation of elevatio- gibual angle as a
function of range and is seen to vary from + 280 at pull-up to - 320 at
impact. Oj is shown on Fig. 18c. As shown a varies from -0.25 deg/sec to
-1.75 deseec at impact.

The heading angle of the interceptor Is shown on Fig. l1d. It
Is interesting to note that during the later part of the run (at impact
where recovery starts) the interceptor is flying nearly vertically (800).
Referring to Fig. 18e it is seen that at the time of impact of the missile.,
the load factor is dropping rapidly. The recovery will be a problem.
Also, as shown on Fig. 18f it is in this samw region that 0 builds up ra61.y.
For this case the angle of attack reaches 170 during the run.

Figure 18g shows the interceptor slow down during the run. As shown
the interceptor attempts tv accelerate toward %., at the beginning of the
run and is able to get up to 1070 ft/sec. However the deceleration is
quite rapid. At impact the interceptor velocity has fallen to $00 ft/sec.
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Figure 18h shovs the interceptor altitude versus range. The interceptor
reaches a maxlzua altitude of 36,500 feet at impact. X. is shown on
Fig. 181.

Figures 19a thru 191 give corresponding parameter plots for the run
originating at sea level with pull-up occurring at detection. For this
case, the initial interceptor velocity in 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 out by these plots is shown on Fig. 19b. It is seen that elevation
gimbal angle available (- 380) is exceeded at 25,000 feet range. Therefore,
for a system incorporating the unimproved radar the rest of the run is
meaningless. Referring to Fig. 19e, it is seen that if more gimbal angle
were available such that the run could proceed, L/w - 3 would occur at
15,000 feet range. Since the run failed both from the gimbal angle and
I/W standpoint, the run in obviously a failure. The portion of the run
from 15,000 feet range to the end of the run for this particular family
of parameter plots is meaningless in the tactical situation, since the
computer was not restrained to I/W a 3.

Comparison of F8u-3 and FAH-l Pall-up Capability

As stated previously in the report, the FSU-3 is guaranteed to oper-
ate at Vmax or M 2.0. As In shown in Volume Vp the co-altitude performnace
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 against 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 thie is the region where
the maximum I/W capability of both interceptors falls below 3, ceiling prob-
lema are encountered for both aircraft, and aircraft acceleration limits
are encountered. A rew selected cases are presented in the 'following sec-
tions. The mjor difference between the two systems 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 N 2.0 target at 65,000
feet with the FfI-l operating at M 2.0 or Vyax and the F8U-3 restrained
to a power setting equivalent to N2.0 in level flight. It Is seen that
the FAH-l 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 reaulting from 50% probability of detection instead of the 85%
probdility of detection used in the preceding investigation. This is done
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in order that there would be attack zones available to compare. Comspring
the zones it is seen that except for the altitude capability difference
the attack zones are essentially the sam. For the case of the F4H-l, suc-
cessful pull-up attacks could occur from a differential altitude of 6,000
feet while for the F8U-3 suooessful attacks could occur from a differential
altitude of 10,000 feet. This Is a significant improvement and should not
be overlooked.

Figure 21 gives the resulting performance of the F8U-3 and FIi.H-l
pull-up runs mtarting with VF = X 0.9 against a X 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-
gated) they will suffice for comparison purposes. For example, a run
originating at 45,000 feet and zero time delay results in a minimum error
of 25.20 for the F43-l and 260 for the F8U-3. A run originating at 3S,000
feet and 10 seconds delay results in a minimum of 140 error for the F4E-1
and 110 error for the F8U-3. The close comparison of results is obvious.

The graphs of Fig. 2k show the pull-up capability of the FA1-l and
the F8U-3 flying at N 2.0 or VFnmx when attacking a 1 0.9 target at 65,000
feet. Comparison of the results shows that the major difference in capa-
bility is aiain due tu tbe greater altitude capability of the FBU-3. Com-
parisbn of some of the points shows the minor differences in performance.

Figure 23 gives graphs which compare the F4H-l and F8U-3 when attack-
ing a N 0.9 target at 65,000 feet. Here the interceptor started out at
Veruise and accelerated toward V... Here again the F8U-3 was restrained
to a maximum speed of X 2.0. These charts, although not complete (complete
altitude range not investigated) do serve to illustrate the minor differ-
ences (neglecting difference in maximum altitude capability) that exist
between these two interceptors. The failures shown occur after severe slow-
down of the interceptor. In early pull-ups, lead pursuit 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 capability. The error at launch range in thus greater for the FeB-3
than for the F4H-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 detectiono the attack duration is short, so that the
difference in slowdown is minimized. The more maneuverable F8U-3 reaches
launch zwng with an error of 80 as compared to 110 for the FAH-l.
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From the above comparison it is obvious that if (1) the F81-3
is restricted to M 2.0 operation and (2) if the Al detection capability
is assumed the %ame for both the F4H-l and the F8U-3 installations, the
only important difference resulting from the pull-up investigation is
that due to the greater altitude ceiling of the F8U-3. This is shown
on the figures described above.

Remaining Study

The preceding section described the results of the pull-up
studies for the "ideal" situ&tion. 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 Al radar performance between the two systems, these differences
should be included in the study. If the Improvement for the two seat
system in only 12%, as is estimated, the difference in the study results
will be minor. . This vil2. 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 investigated. As stated previously, hydraulics do 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.

PHASE IlI - FA-l -, FO-3 WEAPON SYSTEM6 PERFORMANCE UNDER WEXCTED
TACTICAL CONDITIONS

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 probability of success, when certain sources of error are neglected.
It is now of interest to look at the degradation resulting from a more
realistic tactical situation. The degradina factors considered in the
current study program are:

2
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1. Vectoring acouracy

2. Targpt unesuer

3. Weather
4. Countermeasures against the airborne veapon systems

L. limits imposed by interceptor tactics

(a) climb capabity
(b) endurance

(a) dead time

Demradation Caused by Vectoring Accuracy

One important effect of vectoring inaccuracy on system perform-
ance is the settling time that results. A preliminary investigation
of this required settling time was presented in Volume I of the study.

oveer at that time sufficient Al detection range intervals had not
been Investigated nor had the pi'ýot 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 I except
for the two parameters mentioned above. The vectoring accuracy used (now
verified by simu•Latlon studies conducted by NOTSp INYOqM ) are
1 4 - + 3 n.mi..in azimauth, + 3 n.mi. in range and + 1 n.mi. in
a1titude. A number of range inteorals were Investigated-in order
that the 85% AX detection contour could be approximted. The pilot was
restricted to 3 g s by a positive indication (buzzer).

As shown on the polar plots for the "ideal" co-altitude 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),, ?4dit-
Lonal time -"••1 be required to reduce these errors to those acceptable
fý-!- -11 missile launching. The same statements of course apply
to the puýa-up attacks. The problem then is to resolve this sattling
time to a value which can ba used in the study.

For ,1- ,,oes of this study the work vas actually divided Into
three parts: L.&) establishment of allowable launch error for Sparrow III --
This work was done by NAVC, Pt. AAu and vill be discussed in detail later.
(2) conversion of vectoring inaccuracy at detection to a heading inaccuracy
at lock-on and (3) investigation of events occurring after lock-on.
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Bettling Time St!!y

A complete description of the investigation is given in Appendix VI
of Volume II and Appendix IV of Volume IV. Samples of the results arz' in-
cluded here. It is important to recognise that the purpose of this part
of the study Is not to derive an exact value of settling tine. Rather, it
is to demonstrate to the many doubters that a finite and, in general, large
value of settling time it required. Mauy people have argued that the con-
version from Al 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 folloving examples. The exact value of the settling time for
each examined run is automatically 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
vectoring inaccuracy at detection to beading error at lock-on. The
altitude of the engagement is 30,000 feet. The interceptor velocity
is 1)897 ft/sec. The interceptor is vectored on a pure collision course
and continues on this pure collision course to lock-on (believed to be
realistic for present operational conditions). Tfhe vectoring errors are
normally distributed about this pure cillision course (constant relative
bearing line) with a I sign value of - 3 n.mi. Courses are generated
from this normal distribution and straight lines are flown to look-on.
The results are given on Table I1. These results give us the heading
errors which can be used in investigating events after lock-on.

TABIR II

CO2RSIOW OF VECTORING MA=MACY AT DITICTION
TO HADIG MMM AT LOCK-ON

(Altitude - 30,000 feet)

HeadiLg Error at Al Radar Lock-on To
Include 85-90% of Case' for the Follow-
Ing Speed Ratios

Approach Aspect Angle V 5
(Degrees) 1._______p W1.0___ _______0.8______o.4

20 300 270 2303000 3 31 25
140 37 0320 250

60,7 370 260
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Seaples of the results of the investigation of the settling t me
required after look-on exe shovn on Figs. 28 thru 30. The criteria r
suiccese is that the error can be held. within a specified value for
3 occonds, All rune shown were made at 30,000 feet altitude. The inter-
ceptor velocity 16 Vex (1,897 ft/eec). The range at which the mine
rarted (Al loak-on rane) is 10 n.mi. Table III seumarizes the results.

TABIX III

SYSTEM SN1'ZJNG TI)V- RZQUI AflhR Al RtADARl LOC-ON
(30Ooo Feet Altitude-Vr - :1.,3 Ft/Seo)

Neading Ctma.l;tlve Status of Run
Speed Aspect CWr at Prov;bilit,.
Riatio Angleo IAotk-on ol2 lead~ing 80% 50% IBM4

P Ezror Occur- Settling ettling Sbttling
anco Time Time) T1im

' *)(M~C) m

1.0 20 20 10 Could not Error re-
reduce ducee to I0°
error in 7 Seoam.a

1.0 20 30 8T Could not Could not re-
reduce duoe error
error below 27o

1.0 40 20 56 Could not Error reduced
reduce to 10" in 11
error seconds

1.0 40 30 77 Could not Could not re-
reduce duoe errgr
error below 27

0.45 4 20 80 Error E- Error re- rror re-
duced to duced to duced to 100
100 in 7 10 0 i6 in 6 seconds
seconds seconds

o0.45 40 30 94 Error Error re- Irror rý-
could onl dued to duced to 100
be re- 0I in 17 in 15 So
duced to seconds
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Referring to the upper left hand curve of Fig. 28 (row 1 of Table III)
it is seen that If the req .urement is that 85% of the time we mast
reduce the error to something less than the original *rror, we would
fail. Thus i' in the barrier analysis presented by the preceding polar
plots, we require a barrier representative of 85% settling time, we
would have a failure. The upper right band curve of this figure shows
the results of an IBM run. This is an exact solution since on the IBM
runs there is nopilot in the loop. Thus the 50% probability label does
not apply. It is on the drawing because on later figures it in used for
conqpaative purposes.

Referring to Fig. 30, it is seen that the settling time problem
is somewhat relieved because of the slower target involved. These
results are shown by rows 5 and 6 of Table II1. The right band curves
of Fig. 30 compare the 50% probability results of runs conducted using a
cockpit simulator - RUAC combination (pilot in the loop). MAd IME runs.
It is interesting to note the close correlation uf results. This is to
be expected, since the human error should be distributed normally about
the correct solution (50% probability).

Allowable Launch Error

The next step in the investigation of oydtem settling time is
to determine the allowable launch errors which can be tolerated with the
Sparrow III and still achieve a satisfactory miss distance. This work
was done by NANTC) Pt. Mugu and Figs. 31 thru 42 were taken from their
result*3. The maximum and minimum ranges on these figures were obtained
from the polar plots presented in Volume I and are determined by AI radar
lock-on, maximum aerodynamic range and minimum aerodynamic range. These
figures have been modified to include limits of the seeker and 3 g maneuver.
The gimbal angle limits of the current Al radar were used. The criteria
for succeisful runs were that the miss distance be 25 feet or less. the
missile velocity must be greater than M 0.8 and the missile target closing
rate must be greater than 150 ft/sec. FiG. 31 shows the resulting allow-
able launch error for Sparrow III launched from a M 2.0 interceptor against
a M 2.0 taxjet, co-altitude attack at 50,000 feet, on a run originating
from 200 off the target's nose at arrival to the launch zone. The angular
limits are those imposed by maneuver capability of the missile. The range
limits are those obtained rrom the polar plots (see Fig. 22, Volume I), and
result from AX radar l2 ck-oa range and minimum aerodynamic range. As
detailed in Reference, random noise results in a 16 value of guidance
system errors of 20. This is included on the figure as a questionable
region. Thus the allowable launch error for this condition is + 40 to -5
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neglecting noise eftents. Conseidering noise# the allowable launch error
in + 10 to -30 (65% probability). For this partioular ame Al lock-on
range and seeker look-on coincide. It Is Interesting to note that for
this cae to be of tactioal utility, the Al radar detection range would
hae to be increased to the point where the range at the and of total
system settling time would occur at a range equivalent to that labeled
look-on range on the polar plot of Volume 1.

Figure 32 gives the asults of the hilh-sered Interceptor attacking
a high-speed target from an aspect angle o." 80 off the target's note at
the tim of entering the launch zone. This would actually be a course
originating from approximately 650 at detection. The range limits corres-
pond to the maximam interlock range and minimm interlock range limits
shown on the polar plot of Fig. 22, Volume I. Thus it Is seen that the
allowable launch error is + 2.40 to -19 0 (neglecting noise effect@) at
the extreme launch range. Nowever, these allowable errors decrease as
we decrease the range of launch. An important point brought out by
Fig. 32 is tat it is very important to increase the gimbal limits from
the current Z-4e . aere aWian the questionable area due to noise is
shown by the double cro-s-hatched -rea. As shown on the figure, a zone of
interest in labeled vhioh differs 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 range is questionable.

The results of runs entering the attadk zone from 140c off the
target'a nose (course starting from 700 off the target's nose at detec-
tion) on an attack at 50,000 feet for V7 - X 2.0 and VT/Vp - 1.0 are
shwn an Fig. 33. lere it is seen that the allowable launch error is
restricted by maximum and *Inimum ranges (actual interlock ranges mech-
anized). The zone resulting from positive errors is primarily limited
by Al gimbal limits, It is seen that at the extreme ranges, the allow-
able negative launch error has inereased. However, it decreases rapidly
as range decreawes because of missile maneuver limits.

The graphs of Fig. 34 thru 36 show the results for attacks occ•uin
at 50,000 feet for a slower target (YT - x 1.6). Figure 34 shows the re-
sults of runs starting at 200 off the target's nose. For this came, the
rWane limits arm tLhoe resulting from AT radar lock-on range and minimum
aerodynamic range a shown on the polar plots (see Fig. 23 of Volume T).
This would correspond approximately to the seeker lock-on range plus a
range equifalent to 2 sebonds time of flight (seeker limit). The %ngulAr
limits are due to missil maneuver limitations. The allowable launch
error is from + 60 to-8 a- limited by noise.
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The graph of Fig. 35 chown the results of runs which entered the
launch ton* at 800 off the target's nose. For this case, the maximum
snd minimum launch ranges shoam are those resulting from maximum and
minimum interlock ranges of the missile. Again, the angular limits re-
sult from Al gimbal limits and missile maneuver limits. The allowable
launch error varies between + 10.80 and -160 at the extreme ranges and
+ 20 and =70 at the minimum range. Figure 36 illustrates the corres-
ponding case for attack at 1400 off the target's nose.

Figures 37 thru 39 illustrate the case of attacks occurring at
30,000 feet and VT/Vp - 1.0 where VF - M 1.91. The graphs of Fig. 37
show the results of runs originating from 200 off the target's nose.
The maximum and mininu ranaes result from Al lock-on range and missile
minim=u interlock roap. The angular limits are again due to missile
maneuver limitations. The allowable launch error varies from + 1 to
-120 at the extrema range and from + 30 to -60 at the minimum range.
Referring to the polar plot (see Fig. 19 of Volume I), it is seen that
a large increase in Ar radar detection capability must result before
all of the envelope shown on Fig. 37 can be used.

When the angle of approach is changed to 800 off the target's nose,
the results of Fig. 38 are achieved. The Al gimbal limit again represents
a major limit. The range limits shown result from missile interlock ranges.
A zone of interest different from the overall zone in labeled. The lover
restriction is due to 3 g interceptor limit. Ranges outside of this zone
of interest are questionable. Outside the zone of interest the system
usafulness can only be determined by investigating how rapidly 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 + 2.20 to
-25o at maximm range and from + 2.20 to -20o at the minimum range of
the zone of interest.

Figure 39 shows the results of runs entering the launch zone at an
aspect angle of 1400. The altitude and speed conditions are the same.
The maximum ard minimum missile interlock ranges represent the launch zone
limits in range. Positive errors are limited by missile.maneuver capability
and AX gimbal limLts. Negative errors are limited by missile maneuver
limits. The allowable launch error varies between + 16.44and -250 at maxi-
mum range and + 1V and -80 at minim= range.

The graph of Fig. 40 shows the resulting allowable launch errors
for attacks at 30,000 feet. For this case VT/VP - 0.8 and VF - M 1.91.
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The runs enter the launch zone at 200 off the target 's nose. The
maximum launch range corresponds to Al radar lock-on range given on
the corresponding pola. plot (see Fig. 20 of Volume 1). The minimum
launch range corresponds to the missile minimum interlock range. The
angular limits result fr m, ml saile maneuver limits. Again a zone of
interest dltffev.ent from the overalli zonA is shown. The outer limit on
this new zone represents seeker lock-on ranges plus two seeonds time
of flight. Re~erring to the polar plot of Volume I., it is seen that
the Al detection range must be increased to allow full use of the entire
zone of Interest (if overalUl system Gettling time is considered).

When the runs enter the allowable launch area'at 800 off the
target's nose, the results of Fig. 41 are obtained. These runs cor-
respond t#o runs originating from, approxi~m~tely 600 off the target's
nose at Al detection. Here the range limitations are those resultingý
from maxmimum and minimum missile interlock ranges. Positive errors
are limited by AT gimbal angle limits and negative errors are limited
by the maneuver capability of the missile. The zone of interest in
limited due to the 3 g limit on the interceptor. Again the extent. of
the zone in range depends upon how fast the errors build up when the
interceptor files a 3 g limited course as opposed to a load pursuit course.
Within the zone of Interest, the allowable launch error varies between
+ 10.50 and - 28P~ at maximum range and + .10.50 and ,14 at the lover
rangeof the zone of interest.

When the angle at which the interceptor enters the launch zone is
changed to 11400 the results shown on Fig. 142 are obtained. Again the
mwamum and minim=m ranges result from the missile interlock ranges.
The allowable launch errors vary from + 21.50 (AI gimbal limited) to

-320 (missile -aewver limited) at maxdnum range and from + 20 to - 60
at minim=m range (missile maneuver limited).-

Probability of Successful Arrival to 2.tosile Iaunchý-Oo-Altitude Attackta

In Volume I, prdliminary work orn the probability of successful
an'ival to misaile launch was presented. This work has been extended and
the results are inclu~ded In this report. In the model, the 4nte~rceptor is
aýssumed tobe directed on a pure collision course. A normal distribution
of Al radar lock-on probability is assumed with the 85% probability point
consiLstent with the values given previouasly. A normal. dstributioa of
vectoring inaccuracy (16-= - 3 n.-ii.) is assumed to occur along a line
perpendicular to the pure. collision course (relative bearing line).

28 CONFIDENTIAL



Courses are thon generated through the resulting probability zone with
the interceptor flying straight lines parallel to the correct pure
collision courses at the center of the distribution (see model sketch
on Fig. 55 of Volume 1). At lock-on the interceptor is placed on a
constant L/w a 3 turn. This maneuver is optimistic since 4.t allows
for no reaction or evaluation time on the part of the pilot as is
encountered on the RWC settling time runs presented previously. The
criteria for success axe that the launching error can be reduced to 100
before RItn is reached and that the gimbal angle required does not
exceed t available during the lock-on to Rmin interval. Thus we are
in a position to evaluate the probability of successful arrival to

missile launch for a system which uses currently available equipents.
The ranges used axe those obtainable with the 62 iot Q-72 radar. The
gimbal anues used are those of the 62 lot Q-72 (- 410 in azinath and
+ 47,- 38 in elevation) and the settling times employed are those
resulting from these current equipments installed in the F4H-l or the
FeU-3. The remainiag question is whether the assigned allowable launch
error for the Sparrov III (MO) is realistic. Referring to the graphs
given in the preceding section and in Ref 3. it is seen that the allow-
able launch error ic a function of altitude, aspect angle at the time
of entry into the launch zone, gimbal angle (which is accounted for
sepaaately) 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 zone close to head-on the allowable launch error is extremely
small (see Figs. 31 and 37). As we progress around toward the beam, the
allowable launch error increases (see Figs. 32 and 38). However, as we
come in-range the allowable launch error decreases. Thus the ideal solution
wvuld appear to be a mechanization 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 109 has been assigned. If 24 values
for noise uncertainty are considered, the allowable launch errors will be
much less than 100 for many of the situations described previously.

Figure 43 through 45 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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TABLE IV

PEOMBILITY OF SUCCESSFUL ARRIVAL TO IMISILE IAUNCH
(Co-Altitude Attacks - Unimproved Radar)

Interceptor Speed Altitude Probability of Success (
Velocity Patio -tFor Aspect For ASet

vFAngle() Angle or' Angle
(ft/sec) VT/VF (ft x lC3) 00o 30 0

19i4o 1.0 50 6 52 o
194o 0.8 50 48 73 4

19o0 0.45 50 J 69 86 85
1897 1.0 30 05 53 0
1897 0.8 30 52 75 44
1897 0.45 30 79 90 89
1189 0.8 1 52 60 47

The results presented on Fig. 43 (rovis I 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 VT/Vp - 0.8 was incorrectly plotted (too highi.

Referring to Table IV and Figs. 43 thru 45, the following signifi-
cant fnctors apply:

(1) when VT/V, - 1.0 andT - 60o0 the probability of
successru] arrival to missile launch Is zero because
the gimbal angle required exceeds the capability of
the rada& and the interceptor will be in a pos:tion,
determined by vectoring inaccuracy. from which he
cannot correct to a successful attack since he has no
speed advantage.
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(2) When V /V a. 008p the primary reason for reduction in
probab1lity as angle off increases toward 600 is gimbal
angle limitations.

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

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

As stated previously, it is currently estimated that a 12% Improve-
ment in Al detection range will result from the use of a separate opera-
tor (F4H-l vs F8U-3). The resulting improvement on probability of success-
ful arrival to missile launch is shown by Fig. 43a. The conditions are
thr. same as those of Fig., 43. The unimproved radar was used. This figure
is copied from Volume I, and corrected as discussed previously. It is seen
that a 12% improvement (1.5 n.mi.) results in an 8% improvement in proba-
bility of successful arrival to missile launch for the case of YT/VF- 1
and ' - 00 and 300. When VT/VF - 0.8 the resulting improvement in proba-
bility of successful arrival to missile launch is 18% for "- - 00 and 6%
for -P - 300.

"Probability of Successful Arrival to Missile Iaunch - PLL-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 detailed in Appendix V of
Volume IV. In brief, the model assumes a head-on attack with an azimuth
distribution about this head-on attack of 1 4 = t 3 nami. The 85% proba-
bility of detection on the range distribution is that of the unimproved
radar (l1-13 n.mi.). The gimbal linits are those ot the unimproved radar.
No corrections in altitude or azimuth wer'2 made until lock-on (10 seconds
after detection). Upon lock-on the interceptor starts an Inedioate 3 g
pull-up until it is on a lead pursuit course. The criteria fo2; success
i• that the error can be reduced to 100 jr less between the RPvaxnd Luin
interval without

(1) 3,vd factors exceeding 3

(2) coefficient of lift exceeding Cdng
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(3) ginJba3 limits exceeding Al radar gimbal limits, and

(4) a min m recovery of I4w < 0.5.

The interceptor pwo=ters used are those of the 4uH-l. As stated
previously the results would be extended in altitude due to greater
78U-3 capability. The results of the investigation are shown on
Figs. 46 tbru. •9 and are siwisrlzed on Table V.

TA=1B V

~R0Mfl~Or BUOUWUI ARNIMA 20 NEI= rEI
(Pull-up Attacks - Ukninproved, Radar) ______

Target Target Interceptor Xntereeptor Probability of PriAmary Pebsons
Altitude Veloo- Altitude at Velocity at aacesufal Ar- for Pallure
(jt~xlo 3 ) ity Btaz't of stmirt of rival to Missile

(*..h) Ptl- Pull-up Pull

65 2.0 38 VFA 0

65 2.0 45 X 2.0 6 Excessive
launch error

65 2.0 55 M 2.0 13 Brnessive
gimbal angle

65 0.9 15 3. 11 Ecessive
gimbal angle
and reauvery
problems

65 0.9 25 v 49 Exessive

Excessive
launch error
and L/W < 0.5

65 0.9 35 N 2.0 35 ,CeOGSjve

65 0.9 55 X 2.0 65 Excessive
gimbal angle

50 2.0 30 VFMx 6 ' rxcexssve
launch error
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TABLE V (Cott 'd)

PROBAILITY OF SUCCESPUL ARRIVAL TO KCSSILE IAUNCH
(Pull-Up Attacks - Unimproved Radar)

Target Target Inter- Interceptor Probability Primary Reasons
Alti- Velo- ceptor Velocity at of Success- For Failures
tude city Alti- Start of ful Arrival
(ftxl0 ) (Mach) tude at Pull-up to Missile

Start of Launch

- (ftxl09) M_____ % _______

50 2.0 40 M 2.0 12 Excessive launch
error

50 2.0 50 M 2.0 46 Excessive launch
error

50 0.9 10 VFmaX 91 Excessive launch
error - Excessive
gimbal angle

50 0.9 20 VFMi 60 Excessive launch
error -

50 0.9 30 VFMaX 55 Excessive launch
error - Excessive
gimbal angle

50 0.9 40 M 2.0 65 Excessive launch
"error -, Excessive
gimbal Lvigle

50 0.9 50 M 2.0 69 Excessive launch
error - Excessive

_______ _________gimbeal angle

Referring to Fig. 47, the hook in the curve, though unusual in
appearance, has a very logical explanation. Between 50,000 feet and
35,000 feet the interceptor velocity is constant at M 2.0 and the pull-up
rate is limited by the L/W - 3 requirement. Below 35,000 feet, the de-
crease in interceptor maximum velocity results in a great angular pull-
up rate for a 3 g course.
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Degradation of Probability uf Successful Arrival to Missile.
launch Due to Taret_ Maneuvers

Up to this point in the study, the degrading effect of vectoring
accuracy has been presented. In addition, a cursory look at the degrading
effect of clutter and weather has been made. Another important possible
degrading factor is that resulting from target maneuvers. In this study,
it is assumed that the primary job of the target is that of delivering a
weapon against its target of interest. Thus the maneuver studied is one
which can easily 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 )re-
ceding analysis of probability of success. The radaf 83g detection range
was 12 - 13 n.mi. The gimbal limits uted were X -41, Pe - + 47P - 380.
The vectoring accuracy used was 16". - 3 n.mi. Only one plane was in-
vestigated (no errors assumed in elevation). The target mneuver was
assumed to start at AI radar lock-on and consisted of a 1 g lateral turn
which criss-crossed the desired flight path having a nAxidmum 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 3 g turn is used until the lead pursuit course is reached.
The error must be reduced to 100 or less between Rmax and Rt.

The results of target maneuver are shown on Figs. 50 thru 52.
Figures 50 and 51 show polar 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 to the right
(initial 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 manerrer to the right. The Investigation was restricted to co-alti-
tude attacks at 30,000 feet. The results of this investigation are
sumrized on Table VI and a comparison of probability of successful
arrival to missile launch for maneuvering and non-maneuvering targets are
made.

34 CONFIDENTIAL



TABLE VI

COMPARISON OF PROPBILITY O SUCCESSFUL ARRIVAL TO MISSILE
IAUNCH FOR MANEUVERING AND NON-MAqVIRING TARGETS
(Co-Altitude Attacks -30,000 ft -Unimproved Radar)

Speed Aspect Probability of Successful Arrival to
Ratio Angle Missile lognch
VT/VF Ir Initial Maneuver Initial Maneuver

(Deg) Toward inter- Away From Inter- Nonmaneuvering

ceptor (Right Turn) ceptor (Left Turn)_______

1.0 0 2.5 4.5 45
1.0 30 51 56 53
1.0 60 0 0 0

0.8 0 53 33 52

0.8 30 62 77 75

0.8 60 44 44 44

0.45 0 77 77 79
o.45 30 84 92 90

o.45 60 89 89 89

Referring to Fig. 42 and to Table VIp 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 i-= 30, an initial maneuver
to the right (toward the interceptor) always reduces the probability of
success from that realized for the nonmaneuvering case. This is 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
maneuver 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 probability over that realized for a nonnaneuvering target is
not great.
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It is seen from Table VI that for 1- 600 the probability of
successful arrival to missile launch is the same tor each of the target
maneuvers investigated and for the nonmaneuvering target. This is due
to the limits of the assumed model. Since the model assume. that the
interceptor makes no maneuver prior to lock-on and that the target
makes no maneuver prior to lock-on) 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 willo in
some cases, reduce the gimbal angle problem. However, it is expected
that under some conditions the pilot will make the wrong maneuver thus
reducing further the probability of success. The adequacy of the model
can be determined only by including the pilot in the loop. This will be
done in the extended phase of the study. Figure 53 shown the results on
probability of successful arrival to missile launch of using a combin-
ation of worst possible target maneuvers. This is assuming that the
target has a vast amount of intelligence relating to the tactical
problem. It assumes the target knows the exact angle of approach, the
exact range between interceptor rnd target and the exact speed conditions
at the time of initial maneuver. The dashed lines of Fig. 53 show the
results for a non-maneuvering target. The solid line represents the resultb
for a combination of worst target maneuvers. For the case of VT/Vp w l1the
resulting probabilities are 33% at -u 0°, 51% ator - 300, and 0% at

6& 60 for the worst possible maneuvers. This cozpares to probabilities
of 45%, 53% and 0% for the nonmaneuvering target situation. When the speed
ratio is decreased to VT/Vp a 0.8 the probabilities !8r the situaion of
worst target maneuvers are 46% atT - 0, 62% at-r 30 and 44% atl - 60O.
For the nonmaneuvering target the corresponding probabilities aare 52%, 75%
and 40. When the speed ratio is decreased still furthgr to 0.45, the re-
sulting probabilities are 73% atT t' 0 , 85% at " - 30 and 89% at
T- 660. For the nonmaneuvering situation the probabilities were 79%, 90%

and 89%. The reason that the probabilities are the same at 1'= 600 for the
maneuvering and nonmaneuvering cases is the same as given before.

Weather Degradation of System Performance

The low altitude performance of the Al radar has been presented
in an earlier section of this report. Figure 54 shows theoretical degrad-
ation curves for perfoxmance of the 62 lot Q-72 radar in the presence of
rain. These calculations consider the effects of humidity attenuation,
attenuation from scattering by the rain particles in the two-way path and
back scattering at the target due to rain. These curves were obtained
from Ref 4.
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Referring to Fig. 54, it is seen that if the performomce of the S
lot Q-72. is 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 gives the results of theoretical calculations (done separ-
ately from those of Fig. 54) of performance in rain which was presented
in Volume I. It is important to note the close agreement of the two
curves for the results of light rain degradation for nose-on aspect.
The current 62 lot Q-72 radar yields 12 - 13 n.mi. detection range (see
earlier polar plots) against the nose aspect. This would be reduced
to 2.8 n.mi. if the degradation figures of Fig. 55 are used. At 700
off the 3-47 target's nose the clear weather detecion range is 18.5 n.mi.
(high speed conditions). Using NAN'C calculations, this would be reduced
to 5.5 n.mi. in the presence of lignt rain. This compares with 5.8 n.mi.
from the results shown by Fig. 55.

Early Warning Detection Reauirements

In addition to the degradation factors described in the preceding
sections, it is necessary to consider the effects of early warning cap-
ability, interceptor climb caepability and interceptor endurance capability.
A preliminary study of these factors has been made and is shown by Figs. 56
thr, 77. The models used and analyses methods are shown in Appendix IX
of V!olume IV.

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

(1) the early warning equipment is located 100 n.mi.

from fleet center,

(2) the target(*) are flying at 30,000 feat, and

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

In thb development of the graph of Fig. 56, the climb and speed
charactertutics of the P4H-1 were used. Two target speeds were used
(VT 10 n.mi. per minute and VT a 20 a.mi. per minute). Referring to
Fig. 56, a t:,pica game can be played. For example, if

(1) 40 targets are attacking the fleet center

(2) the initial system dead time (T), which is the time between
initial detection of the target and launching the first
interceptor, 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)

"(4) one interceptor per target is required and 40 inter-
ceptors can be launched in 20 minutes (nk w 20)),
where n a number of interceptors and k , interva&
between launchings in minutes,

then the early uaming detection requirement is 300 n.mi. This means
that if the requireaent is that all targets must be intercepted before
they reach a point 1C0 n. mi. from the ileet centerp the initial
detection of these targets must occur 300 n. mi. from the early
warning location (in this example 400 n.mi. from fleet center).

If the target speed is changed to 20 n.mi. per minute (approxl-
mately M,2.0) and all other parameters are held constant, the early
warni detection requirement is 600 n.mi. from the early warning loc-
ation (for this example 700 n.mi. from fleet center). If the system
dead tire is changed to 6 minutes the requirement, of course increases
to 660 n°mii. These curves are optimistic since factors such as combat
time and human factors am neglected. Iata. curvea will shov available
combat tire for one interceptor attacking one target.

Figures 57 thru 63 show the avilable conbat time for c.o-altitade
attacks (30,000 feet). It is assumod that the interceptor is in CAP at
30,000 feot under cruise conditions 100 n.mi. from fleet center. The
allowvable target penetration is to 100 n.mi. from fleet center. The
interceptor accelerates as ra-pidly as possible to V , (M 1.91). The
earlý, warning detection range (range from fleet cen ex) and system dead
time (time betveen early warning detection and initiating the first
attack) are varied. The resulting combmt times (time between first con-
tact between interceptor and target and the time that the target passes
the 100 n.mi. penetration barrier) are sfm-ized on Table VII.
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TABXI V1l

URLY WARMNC DETECTION REQUIRFXENTS
(Co-Altitude Attacks at 30,000 Feet- Interceptor

In CAP at 30,000 Feet)

Target Velocity Early Warning System Dead Avallable
VT Detection Range Time Combat Time

(•'/,c) (Distance from (Miautes) (minutes)
Fleet Center)

(n.mi.) _____ _____

854 -300 3 13.93

1,518 300 3 5.

1; Br. 300 3 3.53

I,97 300 6 P.o5

1,697 200 1.15

1.,518 300 6 3.67

I" 5,L& 200 3 1.67

85b, 3 300 6 11.67

85 •200 3 5.59

ThM vacd ý. e investigsted lk that of tu interceptor at
30;000 feet ftt•-a'A ' r, ,rget at 50,C,0 fect. Yor this investigation
the intekcepto Le 1iP CAP st 100 n.m., frx the, ftiet center. When the
run starts, the interceptor Noeelerateo to VI! and thsen climbs super-
sonically to 50,000 fNet. The combat times g vtn woull b those avail-
able for a horizontal attack (snap-up not consiierod).
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Figures 64 thra 70 show the available combat times. These results art.
summrized on Tto]le VIII.

TABLE VIII

EARLY WARNING DETECTION REQUIREMEMS
(Co-Altitude Attacke at 50,000 Ptý.-
Interceptor iu CAP at 30,000 It.)

Early Warning
Target Velocity Detection Range

VT (Distance From System Dead Available

(ft/sec) Fleet Center) Time Comubat Time
( ) (Minutes) (Minutes)

1,940 300 3 3.1

1,552 300 3 5

873 300 3 13.18

1,940 300 6 1.92

1,9140 200 3 0.9

1,552 300 6 3.5

1,552 200 3 1.58

873 300 6 11.16

873 200 3 5.25

The third phase of the investigation is to determine availahle combat
time for deck launched interceptors attacking a target at 30,•OO feet.
Here, the F4H-l 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 sumuarized on Table IX.
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TABLE IX

EARLY WARiAw:' DRFECTION REQtIREME1NTS
(Co-Altitude Attacks at 30,000 Feet-

Interceptor Deck Launched)

Early Warning
Target Velocity Detection Range System Available

YT (Distance From Dead Time Combat Time

l . mCie) (Minutes) (Minutes)

I,897 300 3 o.42

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

1,518 200 3 0

854 300 6 7.17

854 200 3 j 1.08
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Degradation Caused By Countermeasures

Basic work on this phase of the study has been reported in NML
Reports 4720, 4785 and 4949. The vulnerability of the AI radar to
countermeasures is further detailed in a secret supplement to this report
(see Volume VI).

Remaining Study 2

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 follow;a

(1) Extension of the co-altitude probability of success
curvwe to include angles off the target's nose greater
than 600 and to include smaller increments.

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

(3) Extension of the incremental altitude study to include
azimuth anales 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 Bias ".

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

(7) Investigation of limits imposed by hydraulics on pull-up
capability.,
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PHASE IV-SYSTEM PERFa0MCA JIER ECPECTED TACTMIAL C0NDMTIONS WITH
ADDITION OF CtPJMLY FROPOS•L DMROVEM S

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 acceptable 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 tActical use capability can be improved.

AN/AIK-72-AN/APQ-74 D4provexents in Fair Weather

In Volume I of this report the improvementas 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, fjight tests of some of these improvements have been
made by the contractor-. Figure 78 shows the results of some of these tests.
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 from10.7 to 8.94 db), the bandwidth of the
IF was narrowed in the search mode (from 4mc to l.lmc), the search employed
was 640 azimuth by 6.40 elevation and the dish size was 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 apparent. With the modified system the 85% probability of
detection occurred at 31 n.mi. Referring to Volume I, it is seen that
the 85% probabiliity 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 tactical capabil-
ity.

Probability of Successful Arrival to Missile Launch - Improved Radar

In Volum I the results of using the improved radar, which had an
85% probability of detecting a B-47 size target head-on at 19 n.mi. and
± 570 azimuth and elevation gimbal coverage, were presented for attacks
occurring at 50,000 feet altitude. These results are repeated here on
Fig. 79.
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Corresponding results for attacks occurring at 30,000 and 1,000 feet
altitude are given on Fige. 80 and 81. These results are sumariWed
on Tetble X.

TABLE X

COMPARIS01 OF PRODABILILTY OF SUCCESSFUL ARRIVAL TO MISSILE LAUNCH
FOR SYSTEM USING IMPROVED AMD UNIMPROVED RADAR

(Co-Altitude Attacks- Nonmaneuvering Target)

Altit•ude Inter- Speed Aspect Probability of
(.tx103) ceptor Ratio Angle Successful Arrival

Velocity to Missile Launch (W)
Vr

VT/Vp' (Deg) Improved Rad4lr Unimproved. Radar

50 1,940 1.0 0 75 46
50 1,94o 1.0 30 89 52

50 1,91o 1.0 60 8 0

50 1,94o 0.8 0 84 48

50 1,940 0.8 30 91 73

50 1,94o 0.8 60 89 44

50 1,940 0.45 0 97 69

50 1,940 o.045 30 98 86

50 1,940 0.o45 60 100 85

30 1,897 1.0 0 75 45
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 1,897 0.8 60 89 44

30 1,897 0.45 0 97 79
30 1,897 0.•.5 30 98 90

30 1,897 0.45 60 100 89

1 1,189 0.8 0 82 52

1 1,189 0.8 30 84 60

1 1,189 0.8 60 76 47
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Comparing the results given on Table X, it is seen that there is an
insignificant difference due to altitude in the 30,000 and 50,000 feet
cases.As stated previously, the 1,000 feet altitude case has not been
investigated thorough1y because of the lack of test data. Based on
the theoretical calculations and limited test data presented previously,
one probability of successful arrival to missile launch curve has been
presented.

To date the effects of adding the estimated improvement in Al
radar performance resulting from the use of a second operator has not
been tnvestigated 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 as those of Fig. 79. 1en V0T/VF - 10
and VF ' M 20'0 the improvement resulting from using a 1 range In
crease are:

(1) from 75%to84%for7Y- 0

(2) From 89% to 92% for 'Y. 30c.

Probability of Successful Arrival to Missile Launch -
I•proved Radar - Maneuvering Target

The effects of target maneuvers on the probability of successful
arrival to missile launch on a system using the imroved radar are
shown on Fig. 82. The altitude of attack is 30,000 feet and VT/VF 1 .0
where VF - M..91. The radar has an 85f probability of detection at
19 n.mi. The gimbal angle coverage is - 570 in azimuth and elevation.
On this figure, the solid line shows the results of initial target
maneuvers toward the interceptor (initial right turn) and the dashed line
shows the results of initial target maneuvers away from the interceptor
(initial left turn). TVese 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 )a
COMPARISON OF PROBABILITY OF SUCCESSFUL ARRIVAL TO MISSILE 1AUNCH

FOR SYSTEMS USING IMPROVED AND UNIMPROVED RADAR
(Co-Altitude Attacks- Maneuvering Target)

Interceptor Probability of Successful
Velocity Aspect Arrival to Missile Launchj .

VF Speed Ratio Ang!e I~prcved Rador Unimproved Radar
(Ft/Sec) VT/VF (Deg) Initial Initial Initial Initial

Right Left Right Left
Turn Turn Turn Turn

1,897 1.0 0 72 72 42.5 4.5

1,,897 1.0 30 79 90 51 56
1,897 1.0 60 8 8 o 0
1,897 0.8 o 82 8e 53 53
1,897 0.8 30 87 94 62 77
1,897 0.8 60 89 89 44 44
1,897 o.45 0 97 97 77 77
1,897 0.45 30 96 99 84 92

1,897 o.4.5 60 100 100 89 89

Referring to the results given on Table XI, it is 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 1'=' 0. Comparison
Of results shows that there is a significant imrovement in probability
of successful arrival to missile launch with the improved radar partic-
ularly when a high speed target is involved. Comparing 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 asing
the case VT/VF = 1.0, we see that target maneuvers result in 3% degrad-
ation for T = 00. When T a 300 there is 10% degradatioa for an initial
right maneuver by the target and a 1% improvement for an initial left
turr by the target because of the additional time available. Whenr - 600
there is no difference between each of the assumed maneuvers and the ncn-
maneuvering target. The reason 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
attack occurs at 30,000 feet. The improved radar is used. Here
agaln, the curves plotted for the maneuvering target give the results
for a combination of worst possible maneuvers. This assumer. that the
target has a large amount of information related to interceptor range
and angle of approach. Forlu 600, the probabilities are the same
for both the maneuvering and nonmaneuvering targets for the same
reason as stated previously ýgimbal angle limits predominate in the
assumed model). When'7- 30 and VT/VF - 1.0, the probability of success
for the maneuvering 0target is 78% as compared to 88% for the nonmaneuvering
target. When?" m 0 p the probability of success for the maneuvering target
is 66% as compared to 75% for the nonmaneuvering target.

When the speed ratio is reduced to 0.8 anid = 300, the probability
of success for the maneuvering target is 88% as compared to 92% for the
nonmaneuvering target. WhenT - 0 , the probability of success for the
maneuvering target is 76% as compared to 84% for the nonmaneuvering target.
Corresponding results are also presented for the case of VT/vF = 0.45.

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
phase are detailed in Appendix V of Volume IV. Samples of the results are
shown on Figs. 84 thru 87. The model assumes head-on attacks with an
azimuth distribution of vectoring errors about this head-on attack of
145'- ± 3 n.mi. The 85% probability of detection on the range distribu-
tion corresponds to that of the improved radar (19 n. mi.). The gimbal
limits are those of the improved radar (t 570 in elevation and azimuth).
No corrections in altitude or azimuth are made until lockwon (10 secs.
after detection). Upon lock-on the interceptor starts an immediate 3 g
pull-up until it is on a lead-pursuit course. The criteria for success
is that the error can be reduced to 100 or less between the 11W and ,,mn
boundary without a requirement of load factor exceeding 3 or TI.., the
gimbal angles of the AI radar are not exceeded, and a minimum recovery of
L/W = 0.5 is required. The interceptor parameters used are those of the
F4H-I. As stated previously, the useful zone would be extended in alti-
tude if the F8U-3 were considered due to its greater altitude capability.
The results are summarized on Table XII.
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TABLE )a

PROBAZILITY OF SUCCESSFUL ARRIVAL TO MISSILE IALUNC
(Pull-Up Attacks - Iproved Radar)

Target Target Interceptor Interceptor Probability Primary
Alt. Velocity Alt. at Start Velocity at of Success- Reasons
(ftxlo3) (Mach) of Pull-Up Start of ful Arrival for

(ftxlO3 ) Pull-Up to Launch Failures

65 2.0 25 VFMAX 17 Error Could
Not be Re-
duced to 100

65 2.0 45 M 2.0 50 Error Could
Not be Re-
duced to 100

65 2.0 55 M 2.0 75 Error Could
Not be Re-
duced to 100

65 0.9 15 VFrm 56 Recovery
Problems
L/w < 0.5

65 0.9 25 VFMX 95 Error Could
Not be Re-
duced to 100

65 0.9 35 M 2.0 90 Error Could
Not be Re-
duced to 100

65 0.9 55 M 2.0 97 Error Could
Not be Re-
duced to .l0

50 2.0 10 VFmsz 16 Error Could
Not be Re-
duced to 109

Excessive
Gimbal Angle
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TABLE xii (COrN)

PROBABILITY OF SUCCESSFUl ARRIVAL TO MISSILE IAUNCH
(Pull-up Attacks - ImprovedR#dar)

Target Target Interceptor Interceptor Probability Primary Reasons
Altitule Velocity Altitude at Velocity at of Successful for Failures
(ftxlo3 ) (Iaoh) Start of Start of Arrival to

PlI-ug Pull-up Missile launch(___ _0 _ __ __) _ _ _ _ _ __(%)

50 2.0 20 VFWax 46 Error could
not be re- 0
duced to 10

50 2.0 40 M 2.0 75 Error could
not be re-
duced to 10

50 2.0 50 M 2.0 75 Error could
not be re-
duced to 100

50 0.9 10 Vrmax 99

50 0.9 30 V 98 Excessive
gimbal angle

50 0.9 4o M 2.0 98 Error could
not be re-
duced to 100

50 0.9 50 N 2.0 98 Error could
not be re-
duced to 100

Comparing the results for the system using the improved radar
(summarized on Table XII) with those for the system using the unimproved
radar (su irized on Table V), it is seen that there is a tremendous im-
provement in the probability 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. For pull-ups starting at 45,000 feet, the probability
of success was 6%. When the pull-ups were started from 55,000 feet there
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was a -1% 1robability of kuccess. Inspection of Table XII imsediately
shows the Advantages of using the improved radar.

System 2erformance Resulting From thn, Use of Advanced Interceptor
Performance

Earl.er in this report, it was stated that since the speed of
the F8U-3 is restricted to M 2.0 because of limits other than engine
limits, the resulting co-altitude capability (neglecting altitude
c-iling) would be the same as for the F4H-l. In addition, it was
shown that the basic dWfference in pull-up capability was that due to
the greater altitude ceiling of the F8U-3. It is now of interest to
investigate the resulting system performance when u higher speed
interceptor is %.ed. Fcr this portion of the study the Vmax capability
Qf the FSU-3 is employed.

Figures 88 thru 90 show the polar plots resulting from the high
speed interceptor attacking targets at 50,000 feet. For this cursory
look at the problem, ve have returned to the barrier analysis. All
barriers are representativa of 85 to 90% probability. The target speeds
are the same as those used 'n the preceding Iluvestigations. The situ-
ation assumes no vectoring errors and the interceptor is on a perfect
lead pursuit 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 2,134 ft/sec. Comparing
this with Fig. 22 of Volume I (interceptor velocity of 1,940 ft/sec)
it is seen that the basic advantage is that now around-the-clock attacks
can be made because of the speed advantage. However, the penetration
will be high for attacks aft of the beam. For example, the run which
originates at 120° off the target's nose required approximately 220 secs.
before the interceptor closes to Rmax. Attacks originating in the zone
up to 300 off the target's nose were marginal for the conditions of
Fig. 22 (interceptor velocity 1,940 ft/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 Rv-in is increased and the
range covered by the interceptor in the lock-on interval is increased.
Figures 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 that
the error must be reduced to some value, say i00, 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. The oashed curves shcw the results of IBM
runs. As stated previously the 50% settling time and 3 second criteria
do not apply to the IBM runs because the IBM gives the perfect solution
(man not in loop). The IBM results are shown in this fashion to allow
direct conqarison with the REAC runs. The results of this portion of the
study are summarized on Table XI.

TABLE X2II

SYSTEM SETTLING TIME REQUIRED AFTER AI RADAR TOCK-ON
(Advanced Interceptor - 30,000 Feet Altitude)

VF = 2,185 ft/sec

Target AI Radar Aspect Heading Ttatus of Run
Velocity Lock-On Angle Error At-- 50 IBM

VT Rang. T Lock-On Settling Settling Settling
(ft/sec) (n.mi.) (Deg) f Time Tlmt Time

(Deg)

1,897 10 20 20 Could Not Re- Could Not Could Not Re-
duce Error Reduce duce Err,ýr

Error Below 150
Below 170

1,897 10 20 30 Could Not Re- Could Not
duce Error Reduce Error

Below 270
1,897- 10 40 20 Error Could Error Error Could

Only be Re- Could Only Only be Re-
duced to 160 be Reduced duced to 160

to 130

1,897 10 40 30 Could Not Error Could
1 1educe Error Only be Re-

duced to 290

1,518 10 20 20 Error Could Error Re- Error Re-
Only be Re- duced to duced to 100
duced to 1h0  lO0 in 9 in 10 Secs.

Seconds
1,518 10 20 30 Couih. Not Re- Could Not Error Could

duce Error Reduce Only be Re-
Error duced to 270
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'ABLE XY'ý I (C:QW ',A

SYSTEM SEITILNG TIME i.QU!RED AIFTER AI IHADAP L)CI-ON
(Advanced Interceptor - jOOX F'eet Altitude)

VP "2 2,1385 ft/sec

Target AI Radar Aspect Heading -Ius Qf R1111
Velocity Lock-On Angle Frcr At .5509 1 ..

VT Range e Lock-On Settling Settling Settl. ng

(ft/sec) (n.ni.) (Deg) (C Time Time T

1,518 7.5 40 20 Could Not Could Not Error Could
Reduce Error Peduce Error Only be Re-

duced to 180

1,518 10 40 20 rror Re- Error Re- Error Could
uced to 100 uced. to iO° Only be Re-0
n 10 Sees. in 8 Secs. duced to 120

1,518 10 '40 30 rror Could Error Could Error Could
ly be Re- Only,'be Re- Only be Re-

duced to 280 uced to 260 duced to 280

1,518 10 60 20 Error Re- Error Re- Error Re-
duced to 100 iuced to 100 duced to 100

in 9 Sees. in 7 Secs. in 10 Secs.

1,518 15 60 20 Error Re- Error Re- Error Re-
duced to 100 duced to 100 duped to 100
in6.5Secs. in 5.5Secs. in 7 Secs.

1,518 10 60 30 Error CouiLd Error Could Error Could
Only be Re- Only be Re- Only be Re-
uced to 280 duced to 220 duced to 270

1,518 io 60 40 Error Could Error Could Error Could
Only be Re- Only be Re- Only be Re-
duced to 38° duced to 7(o duced to 390

1,518 15 60 30 Error Re- Error Re- Error Be-
duced to 10" duced to 100 duced to 10°
in 14 Sees. in 12 Seca. in 16 Secs.

1,518 15 60 40 Error Could Error Re- Error Could
nly be Re- duced to 100 Only be Re-

duced tb 220 in 24 Sees. duced to 280

854 10 40 20 Error Re- Error Re- Error Re-
"duced to 100 duced to 10° duced to 100
in 10 Sees. in 8 Sees. in 7.8 Secs.

854 10 40 30 Error Could Error 'ould Error Vould
Only be Ree- "± be Rei- Only be R6-
duced to 26° duced to 250 duced• to 249
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The follcwing general comments c,.n be iade about thf* r'_Irva_
or eigs. 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 %nd 28). This is expected
since the turning radius is smaller at the lower speeds Referring to
Fig. 92, it is seen that the IBM run resulted in a lesser reduction of
error than the EEAC run. This impliea that the pilot, even though a
positive indication in the form of a buzzer was used, may Lave pulled
slightly more than 3 g's. This is borne out by the wsaple 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 F4H-l and F8U-3
incremental albitude capabilities with the im-
proved system at aspects other than head-on.

2. Extension of the nnalysis of co-altitude probab-
ility of succe3s to include angles greater than 600
off the nose and to include smaller increments.

3. Verify by flight simulator tests the adequacy of
the results obtained from the described model.

4. Inclusion of actual missile p.arformance during
ejection launch 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 approach tactics.

7. Determine by study and analysis the sensitive elements
of the FAH.- and F8U-3 weapon systems mechanization and
their accuracy tolerances.

53 CONFIDETIAL



8. Determine by study and ulyas the f*"eibility
and possible advantagei or usinR alternate ruld-
ance systems (different from those covered in
this volAme) in the F4X-l and FaI-3 Weapon Systemn.

In addition to these areas there are several areas of improvement
which are under investigation. These are as follows:

1. The effects of countermeasures on the AT radar
has been investigated and reported o~paratoly in
NFIL Report 4949. In addition, analysis of the
improvements made to date is described in a secret
supplement to this report. (See Volume VI.)

2. While the results of use of a larger antenna have not
been detailed, they have been implied by the effects
of range variation on the probability of success given
in Volume I and this study. In addition the controlled
flight tects 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 straightforward and will be
included in the analysis at a later date.

3. NRL has investigated the AJ features desired for the
Sparrow III seeker. The results of this investigation
have been reported to BuAer (NRL Report 4720).

PHASE V - STUDY TO DETERMINE AND ASSESS REALIZABLE IMPROVEMENTS

This phase is of necessity a continuing one. In those areas
where it appeared that important gains could be made by incorporation of
improvements which could be realized within a useful time scale, actions
recommendations have been made to 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, bandwidth
switching and bright display (enhanced operator environ-
ment) can be achieved during the time available; for the
development of this system. Collectively they represent
a major improvement in system performance. The first two
of these items have been tested (in part) by the con-
tractor and the resulting improvement is detailed in this
volwue.
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2. While the exact aval ib!i!ty date for a situation
display such as thb Triangle System in not predictable
at the present time, concerted effort should be directed
towards its development. The incorporation of such a
display will represent a major improvement in overall
system performance capability. The Bureau of Aeronautics
is pursuing a program which will result in incorporation of
the airborne elements of a situation display.

3. While the analysis to date has indicated that additional
range above that realized from Items (1) and (2) above is
very desirable, the incorporation of such items as a
larger dish should be delayed until sufficient analysis
is completed either under this study program or by the
fire control contractor to allow arrival at an optimum
balance between dish size and gimbal angle coverage. Fnr
exsmle, a currently proposed "improved" version of the
antenna calls for a usefully large gimbal angle. However,
the diAmtter and conditions of mounting cause the antenna
to be obstructed by exturaneous material. Thus 4he total
gimbal angle is not in fact usable. Based on the work of
this study and on contractor analyses, a reasouable com-
prjrise between unobstructed gimbal coverage and dish size
,an be reached.

PHASE VI - STUDY OF IR TIE-IN FOR AI FIRE CONTROL SYSTD13

To date, a survey of government agencies and contractors working
in the field of IR has revealed that data on performance of equipment
operating in the band of the proposed IR search and track equipment and
data on the IR radiation from high speed aircraft at altitudes of interest
is practically non-existent. The limited data that is available has in
general resulted from a multiplicity of scaling of test data taken under
unrealistic conditions (target 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 Al fire control system is such
that analysis is not warranted. Thus the Navy study has concentrated on
revealing the deficient areas of the primary fire control system. As soon
as results from tests currently underway at NOTS, Aerojet, Eglin Air Force
Base, etc. become available, an investigation will be made to see if IR
can supplement the deficient areas of the primary system.
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PHASE VII - RLMNAT STtrDY PASr. I - VI MOR SPARROW III WITH IR SEEKIR

The statements mse.e above in the section on IR search and track
are even more applicable to the pro•,osed long wavelength IR Op. III.
In addition, they apply equally well to the currently available IR
seeker (DAN-5) when a supersonic target is involved (afterburners).
About the only data available where there is general agreement or
the results, is that related to the DAN-5 seeker performance when oper-
ating against a subsonic Jet target.

Figures 100 and 101 show the resulting polar plots for attacks
made by an interceptor flying at M 2.0 or Vmax. Figure 100 shows the
results of attacks made at 50,OO feet. The target velocity is
873 ft/sec. It is seen that the seeker restricts the attacks zones to
within - 70P off the target's tail. The resulting attack courses are
restricted to approaches from 900 back to tail-on. Figure 101 shows the
results for attacks made at 30,000 feet. The results are essentially
the same.

As soon U reliable data becomes available on the performance of
long wavelength and short wavelength detectors and on target radiation
charaoteristics they will be included in the study. Since the attack
courses are already generated (same courses apply to Sparrow III con-
ventional)p it is a relatively simple task to include the resulting attack
zones.

PHASE VIII - RMEAT STUDY PHASE I-VI FOR SIDEWINDER

To dateddata on the performance of the proposed Sidewinder IC
has not been received from NOTS. Thie includes aerodynamic as well
as seeker performance data. NOTS is currently preparing this data and
expects 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. Figures 102 thru 104 give exanples of some of the resulting
polar plots. More complete coverage is given in Appendix VIII of Volume IV.
The Sidewinder IA launch zones (pre•ared by NOTS-aerodynamic restrictions)
are shown on theme polar plots. The approximate effective launch zones are
enclosed by heavy lines. The polar plot of Fig. 102 shows the results of
attacks made at 30)000 feet altitude when VT/VF - 1.0 and VF - M 2.0. If
the same 3 g criteria is alplied as was use; in the Tr-eceding portions of
the study, ft is seen that entry, under these conditiins, into the usable
launch zone (labeled D) cannot be made.
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Figure 103 shove the resulta vhen the speed ratio (VT/V ) is
reduced to 0.8. Here it is seen that attacks must originate aft of
6.5 (3 g limitation).if entry into the launch zone is to be made.
Attacks aft of 900 will result in large penetration distances.

Figure 104 shows the results of reducing the speed ratio to
0.45 (today's target). For this condition the results are essenti-
ally the same as those 1or VT/VF - 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 Vu/Vp - 1.0. The
zone given for Sidewinder IC is based on very preliminary estimates
made by NOTS and is restricted only by aerodynamic considerations. It
is seen that when the 3 g criteria is applied, entry into the Sidewinder
IA zone could not be made. However, over a narrow region beginning at
620 off the target's nose, entry could be made into the Sidewinder IC
zone.

Based on the requirement of entry into a 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
le9ad pursuit 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 launch for the Sparrow III for various types of vectoring doctrine.
The current radar is employed. The altitude of attack is 30,000 feet and
VT/VF - l.Owhere VF w 1,897 ft/sec. The solid curve shows the results
for pure collision vectoring and is the same as presented before. The
dashed 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 (46A).
At-Y- 306 the pure collision course results in the highest probability
of success. This is as expected because the problem of converting to a
lead pursuit course from a pure collision course (larger lead angle) is
easier than converting from a pure pursuit to a lead pursuit in the small
time available. At1 - 600 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 ....... )
gives the resulting probability for a deviated pursuit vectoring approach.
For this cese 150 lead angle was selected for examination. As could be
expected, whenrl - 00 this deviated pursuit approach yields the worst
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results. "Ths i because the lead angle is too large. However, for
both Ore 300 and 600, the cieviated pursuit approach yields the best
results. This is because the gimbal angle restriction has been
lessened in conjunction with a roquirement for a lesser correction to
get to the correct lead pursuit course.

It is obvious that this is a very preliminary analysis. The
necessary steps are further analysis on optimum vectoring tactics for
Sparrow II, comparable analysis of tactics for Sidewirnder IC and
redu-tion of results to a compromise compatable with fleet vectoring
capability.
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CONCWSIOM AND RECOMMENDATIONS

Introduction

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

(1) formulation of the basic system configuration,

(2) development of a situation display,

(3) formulation of tactical doctrine guide lines,

(4) revision of operational concept for usage of secon-
dary missile seekers,

(5) establishing applicability of secondary Al fire con-
trol systems, such as fR, 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. System 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 resuets for 1,000 feet altitude are
presented in thi3 volume. The following conclusions are indicated:
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(a) When VT/V - 10 0where V7 ; Va, the interceptor must
start his approach from 'orard of 700 off thetarget's nose if entry
into the effective attack zone is to be made (see Fig. 5).

(b) When additiomal time is added representative of that
encountered under tactical conditions (required to reduce initial vec-
toring errors dowa to allowable launch error of the missile) the effec-
tive attack zone, except for a small region aft of the beam is eliminated.
This zone must be entered via a 100 corridor between 600 and 700 off the
target's nose.

(e) When this total system settling time is considered, even
the case of VT/VF - 0.8 wil be extremely marginal, The forward effec-
tive attack lone is eliminated.

2. In Vo-ame I the resoilts of making ettacks with the interceptor
operating under Vcruise conditions were given. The etudy results given
in this volume indicate that when attacks are against high-speed targets,
there is only a minor change in capability when the interceptor starts
at Vcruise and accelerates toward Vmax. As would be expected, a slight
increase in allowable approach aspect occurs.

3. If the F8U-3 is restricted to its design acceptance limit
(M 2.0) the resulting co-altitude performancie of the XlB system is es-
sentially the same as that of the XIA (neglecting difference in altitude
ceilings).

4. The pull-up capability of the XIB system is essentially the
same as that of the XIA system when operating altitudes of the P4H-I
are considered. However, the resulting attack zones for the XIB will
be extended in altitude over those of the XJA 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 function of
altitude, aspect angle at the time of entry into the launch zone, gimbal
angle limits of the AI rada, and the point in the launch zone where the
interceptor is in a position to launch the weapon.

(a) Against a high-speed target, attacks entering the launch
zone close to head-on result in very small allowable launch errors. As
the attack moves around toward the beam, the allowable 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 6 value of
noise is included the allowable launch errors
will be much less than 100 for many of the situations
investigated.

6. The probability of successful arrival to missile launch in co-
altitude attacks against nonmaneuvering targets, when limited by some of
the degrading factors such as gimbal angle limits and vectoring inaccur-
acies, are given in Volume 1 and this volume of the report. When the
attack altitude is 50,000 feet and VF = M. 2.0 the resulting probab-
ilities of successful arrival to missile launch are:

(a) for VT/Vr - 1.0 the probability starts out at 46%
for the head-on case 0, increases to 52% atr - 300 and drops to
zero when Or = 600.

(b) for V /Vo = o.8 the probability starts out at 48% for
I= -0, increases to 73% at- = 300 (correction on Volume I results)

and decreases to 44% at 'r = 600.

7. When the altitude of attack is 30,000 feet and VF Vinmx
the resulting probabilities of successful arrival to missile launch are:

(a) for VT/VF = 1.0 the probability starts out at 45%
for T.= 00, increases to 53% at T = 30° and decreases to 0% at-r = 600.

(b) for VT/VF = 0.8 thS probability starts out at 52% for
"T= 00, increases to 75% ati = 30 and decreases to 44% at - = 600.

8. When the altitude of attack is 1,000 feet and VT/VF = 0.8
(Vp. M i.07) the probability of successful arrival to missile launch is
54 atT = 0, 60% 'at 1 = 300 and 47% at T = 600. (The AI radar ranges
used in this study of the 1,000 ft altitude case are believed to be
optimistic).

9. The effects of incorporating the currently estimated improve-
ment in AI detection range resulting from the use of a separate operator
aa shown by 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 (VT/VF, =.3) is from 46% to
54% for ' = 00 and from 52% to 6o% for-(-' = 300.

6j. CONFIDENTIAL



(b) When the speed ratio is reduced to VT/VF - 0.8, the result-
ing improvement in probability of success is from 47% to 66% for IT 0
and from 73% to 79% for 'r - 300.

10. In pull-up attacks against a M 2.0 nonmaneuvering target sAt
65,000 feet altitude by a M 2.0 or Vmax interceptor the resulting proba-
bilities of successful arrival to missile launch are as follows:

(a) When the pull-up is 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.

(c) When the pul2-up is initiated from 55,000 feet the result-
ing probability is 13%. Here the primary restriction results from exces-
sive gimbal angle.

11. Wien 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 look-on (I g crisscross maneuver)
the effect depends upon the direction of the initial maneuver (except for
the head-on case). This maneuver, alth6ugh 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 occuzs at 30,000 feet and
VT/VF - 1.0 the resulting probability is 42.5%. When the speed ratio is
reduced to 0.8 the probability is 53%. Comparing these results with
those given previously for the nornaneuvering target it is seen that
there is an insignificant difference in the probabilities.

(b) When the approach course is from 300 off the target's nore,
a maneuver to the right results in a 51% probability of success "A a
maneuver to the left results in a 56% probability of success foie VT/VF - 1.
When the speed ratio is reduced to VT/VF a 0.8 the corresponding proba-
bilities are 62% and 77%. Comparing these results to those obtained
for the naomaneuvering target it Is seen that there is a negligible
difference in the results. A maneuver to the right always decreases
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the probabIlity slightly while a maneuver to the left always increases
tile probability slightly (mcore time available).

13. Ac stated in Volume 10 when additional degrading factors
&re considered, the probabilities listed above will be reduced still
further,

14. Theoretical calculations of weather effects in the perfor-
man•o of the current AI radar indicate that rain will degrade the
range capability to the point where it is completely unacceptable.
The current radar hes an 85% probability of detecting a B-47 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.

B. System Using Improved Radar

1. To date, the improvement resulting from the use of
a bright display, bandwidth switching and optirized scarch
have been included in the study. The resulting raage Improvtement is
from 32.7 n.mi. to 19 n.mi. for a M 2.0 interceptor attacking a M 2.0
target.

2. Wbcr the improvements of Item i are considered along with
a oystem having gimbal angle limits of ± 57 the resulting probabilities
of successful arrival to missile launch for attacks occurring at
50,000 feet and VF r M 2.0 are:

(a) 75% for VT/V - 1.0 and = 00. For the
unimproved radar the corresponding probability was 46%.

(b) 89% for VT/VF = 1.0 andv 300. For the
unimproved radar the corresponding probability was 52%

(c) 8% for V /V = 1. 0 andy - 6,. For the u-
improved radar the corresponding probability wa" 0%.

(d) 84% for VT/VF = 0.8 and V t 00. For the unim-
proved radar the corresponding probability was 48%.

(e) 91$ for VT/VF - 0.8 and1 , 30°. For the jiZdm-
proved radar the corresponding probability waA 73%.

(f) 89% for V,/Vj - 0.8 andT' - 600. For the urdm-
proved radar the corresponding probability was 4h%.

63 CONFIDENTIAL



3. The probabilities of successful arrival to missile lotUoh
for attacks occurring at 30,000 feet are sssentiaLl.y the some as those
resulting from attacks occurring at 50,000 feet (see Item 2 and 3).

4. Whea the attack occurs at 1,000 feet altitude and VT/VF w 0.8
where VF a V a the resulting proeabilities of succneful arrival to
missile laui's'are 82% for -u0, 84% for ' - 30 and 76% for Or a

60 . Th-o results are based upon theoretical caloulations of Al radar
perfora Ace and upon limited test data from XATC and are believed to
be optpitic.

5. When the estimated difference in performance of the Al radar

in a two-place system versus single-place operation is considerel
(12%) a minor change in probability of successful arrival to missile
launch occuri. For example when the attack occurs at 50,000 feet and
VT/VT .1.0 where VI * 1 2.0 aad 00 there is an improvement from

75% to 84%. Whn or .30o the improvement is from 8% to 92%.

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

7. When pull-up attacks are considered and a 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 X 2d0 yield proba-
bilities as follows:

(a) When the pull-up is started frcm 25,000 feet altitude
the probability is 17%. With the unimproved system there wa no"
probability 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
wasa6.

(c) When the pull-up is started from 55,000 feet the proba-
bility is 75%. For the unimproved system the corresponding probability
was 1%

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 143-1 (within
the altitude envelope of the F41-1). However, the F8U-3 has a greater
altitude capability than the F74-l 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.

64 cn&



0. General System Considerations

1. The study results indicate that careful consideration must be
givan to placement of early warning equipment with respect to floet
ceater if a tactically useful system is to emerge.

2. When an advanced interceptor is employed (F8U-3* not re-
stricted to M 2.0) rear hemispherep co-altitude attacks can now be made
agLinst 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 is such that analysis is unwarranted. Thus the
Navy study has concentrated on revealing the deficient areas of the
primary fire control system.

4. To date, there is insufficient test data available to allow
analysis wf any of the proposed IR seekers except the DAN-5 when oper-
ating against a subsonic target. ThT resulting effective attack zone is
restricted for high probability, bo - 70P off the target's tail. The
attack courses are restricted to approaches from 900 back to tail-on.

5. To date, available data on Sidewinder performance is
restricted to Sidewinder IA. In general, when high speed targets are con-
siderad, Sidewinder IA is uaitahb for use in these two systems. NOTS is
currently preparing launch ekrrelopes 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 own
speed.

Recommendations for Further Study Effort

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

2. If tests prove that there is a significant difference between
the F8U-3 and FAH-l 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. lktension of the co-eltitude probability of success curves
to include angles off the target Is nose greater than 600 and tb include
smaler angular increments is needed.

4. A flight simulator program should be conducted to operation-
ally verify the adequacy of model techniques used in the presert" study.
Thin would be a check, using the pilot in the loop, of the critical
areaxposed by the current study.

5. Extension of the imoremental a•titude study to include azi-
muth &Wes other than head-on is needed.

6. Determine by study and analysis the acceleration launching
transients occsrZing during the Sparrow III rssile launch and the
effect. of these tranmsents upon dynamic performance of the missile
internal functions 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
Bis".

8. Determine by study and analysis the ilumination require-
ments after Sparrow III launch in conjunction with breakaway require-
saents and aircraft normal flight recovery requirements.

9. Investigation of limite imposed by hydraulic* on pull-up
probability is needed.

There are still ueyeral areas vhere additional analysis is needed
to allow more complete definition of the performance of the improved
system. Amng theme are:

1. Extension of the analysis of the FAH-1 and F8U-3 incremental
altitude capabilities with the improved system at aspects other than head-
on.

2. Extension of the analysis of co-altitude probability of
success to Include singles greater than 600 off the nose and to include
small angular Incremnts.

3. Verify by flight siamlator tests the adequacy of the results
obtained from the described model.

4. laclusion of actual missile performance during ejection launch
and after launch. This izcludes transient effects during launch.
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5. Inclusion of the effects of noise and missile orientation both
with and without "'Eglish Bias".

6. Verify by flight simulation study the effects of a situation
display on system probabilit-, of success and develop optimum approach
tactiCs.

7. Determine by study and analysis the sensitive elements of the
'4H-1 and the P8U-3 Weapon Syitems mechanization and their accuracy toler-

ances.

8. Determine by study and analysis the feasibility and possible
advantages of using alternate guidance systems (different from those
covered in this volume) in the FA-l and the F78-3 Weapon Systems.

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

1. Performance data on the Sidewinder IC.

2. -!,rformnnce data on the Sparrow Ill-IR.

3. Perfornmnce data on the IR Search and Track.

As soon as data on these areas becomes available, it should be
included in the study effort.
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TO: Code 5300 Paul Hughes
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SUBJ: Review of NRL Reports
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D] Possible Change in Classification

Thank you,

Mary Te pleman
(202)767-3425
maryt(ajlibrary.nrl.navy.mil

The subject report can be:
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