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W e it e

INTRODUCT LON

The development of any complex asystem should be based upon an orderly,
clearly defined system approach. The end objective or problem to be solved
aould be the design goal for the system. If this objectlive cannot be
resthed, the probler to be solved should be modified 1o he conslstent with
the state of the art or time available for system developmeni. The design
of the syster should be based upon parameters resulting from system analy-
gis. Tl'!s system approach will result in a product which has a predictable
use capab:lity aid will be succ.ssful within this defined capablility.

SYSTEM DEVELO:NENT

The block diagram of Fig. 1 sbows the flow of events which tak: place
in the development of a complex service equipment. The top left biock of
Fig. 1 18 entitled Oporational Requirements. The existence of a need for
the system, its general description, and a stalement of necessary perfor-
mance to satisfactorily accomplish its missicn is spelled out in the
Operational Requirements. In its initial concept, the sysiem can be des-
cribed as heing comprised of certain major elements having prescribed
operational capsbilities which c¢re presented as design objectives. These
objectives, as defined in the Operational Requirement, include system func-
tions; festures euch as accuracy, countermeasures invulnerability, safety,
servicing and operational flexibility, and acceptable limits of operaticnal
nerformance. The Operational Requirement generally describes the conceptual
system and provides overall performance sbjectives to be met if the system
is to sccamplish its mission.

Initially, as illustrated by the figure, definition of the functional
system (apd its technical anmalysis) provides A basis for the detailing of
technical requirements for the system and for its principal elements.
Technical analysis may confirm the validity of, or the ne:essity to modify,
the initial conceptual system. Where such modification i:: extensive; a
reappraisal of resultant change in "mission accomplishment" potential will
provide an early means for determining whether the project should justi-
fiably be continued or whether a new system concept should be generated
that can more predictably accomplish the desired missicn. Presuming that
technical analysis has confirmed feasibility of initial weapon system con-
cept, the project has then reached a point where design studies can be
initiated.

Each procedural step from this point, as indicated by the figure, is

validated or appraised by an evaluation process. MNoreover, evaluation is
shown to be capable of effecting, through feedback to preceding steps,
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theoretical as well es mechanical design parameter improvements.

System mechanization requiremente have nov bean, in sccordancses with
procedural steps, theoretically defined und evalusted. Where desired
parformance quantities, established by the technical analyses, must be
deqgraded in the actual mechanization process by reason of technologlcal
or state of the art limititations. an appraisal of resultant offecte upon
aisseion accomplishment is indicated. Theoretical mechaniration require-
ments are validated by the design, construction and evaluation of an
experimental model. Feasibility, operability and sdequacy for the appli-
cation are assessed. Each 1llustrated procedural step should result in
feedback to the preceding steps with modifications incorporated as indi-
cated by new findings. When this thesis 1s followed, there will be no
gbsolute technological freeze during system development of the weapons
eystem concept, or of its desiygn mechanization, before final OFDEVIOR
service evalua flon. The chauges in concept which thus occur during the
orderly program of developmentsl progress become more comstrained as it
progresses toward ‘he delivery goal,

Figure 1 shows design and evaluation of developmental models following
the determination and asscssment of mechanization requirements. A written
statement of mechanization requirements provides the premise for specifica-
tion of the developmental model equipmerit. This equipment is ordinarily
evaluated hy the contractor with cbservation by the Navy. BEvaluation snd
rasultant modification of the model equipment permits specification anl
design of the prototype equipment. Evaluation of the prototype is speci-
fled by the Navy and may be conducted with contractor assistance. Evalua-
tion objectiver inclufle demomstration of performance reproducibility,
conformance with predstermined requirements and adequacy for secvice use.
Firm, dstalled specificsations can now he written defining the fimal product
(service equipment) which, whep constructed, is delivered to the Navy “>r
Operatiocal Developmert Force type service evaluation.

The foregolng development and evaluatlon process is generally applicable
tco the development of servize equipment. As pressuted, it is an obvious
and simple methcd, rather easy to spply in the geieratiorn of subsystem equip-
ment. Its application in developing a weapons system of the FUH-1-F8U-3
magnitude is appreclsbly more difficult. more important, and more rewvarding.
The program ovbjcelives can be met in a iimited time only through an orderly
procedure, such as thit described above, with continuous evaluation, feed-
back, and re-evaluation of concept and design. It is emphasized that
"evaluation” as illustruted by Fig. 1, is on a systems basis, in terms of
the relationship of subsystem performance to migsion accomplishment. Thus
the contributios of the subsystem to the complete system is determined in
a sensitive manner.

]
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AIR-TO-AIR WEAPONS SYSTEM LINKS

The cambination hlocx diagram and pictorial Aiasgram chown on Filg, 2
glve the principal links essentiml in the tactical usage «f any air-to-
ailr veapons system. BPasically, these linkes are as follows:

1, Target detection, assessment and fighter direction from
surface or airborne CIC.

2. Communioation of vectcring data to the interceptor aircraft
either from surf:ce or airborne CIC.

" 3. Detection and tracking of the target by the fire control
equipment of the interceptor.

L, IFF from the interceptor aircraft and/or from a remnte
position such as surface CIC.

5. The links employed during missile guidance.
6. Mazing link.
7. Target characteristics and objectives.

All of these links snd associated equipments go to make up the overall
complex system. Each of the links are dependent upon the other (except for
the unlikely case of cheance intercepts). For example, design of the fire
control equipment in the aircraft is dependent upon the accurac,; and reli-
ability of vectoring data from CIC. The accuracy of airborne fire control
equipment and missile guidance equipment are interdependent. 8ince all
of these links depend upon one another, the aystem designer must folliow a
gystem approach 1f a successful design is to be achieved,

OPERATIONAL FROFILE

The plctorial diagram of Fig. 3 further illustrates the dependence of
each of the links or steps in a typicel intercept. BEach of the funn.ls
depict a decreasing probability as the engagement proceeds. Starting at
the lefi center of the figure it is seen that not &ll of the aircraft in
CAP are available, because of position, fuel and commitment problems, for
attack of a specific target. From the fighter direction phase only part
of the available aircreft will successfully arrive at AI radar detection
because of CIC vectoring inaccuracy. Of the aircraft which arrive at AI
radar detection, only part will arrive at missile launch because of fire

3 CONFIDENTIAL
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control inaccursacies, position difficulties and speed-maneuver capability.
asvcoclated with the missile guidance phase there are additional inaccuracies
r v tiat only part of the available missiles could be successfully emplioyed
againgt the target, Wram this Pigure It 1a chwioue that the system dssimer
mst achiéve & balance between system elements. For example, if each of the
Ppadbablll.ies for {he four phases given were 90%, the overall probability of

guccess would be approximately 66%. However, if one of the phases had a

504 urobability associated with it, the reaultant nrobahility of successa

Jrola ALy e WURDLASLS L BLOCeRT

--o1ld decremse to approximately 36%.
FUNCTIORAL SYSTEM

The block diagram of Fig. 4 shows the functional syesteam for tie FLH-1
end F8U-3. Thie block dismpram in effect repeats the steps shown on Figs.
2 and 3. Principal system elements are shown &s: an operational require-
ment for the generation of a weapons system, 8 tactical doctrine for ite
application and an operationsl system comprised of shipboard, sircraft,
weapon and target subsystems. The overall system is illustrated as regencra-
tive in that, for its generation, the maximizing of "Mirsion Accomplishment"”
will require establishment of the importeant interrelationships between sys-
tem elemenis and mechanization of sensitive parameters so that system per-
formance within respectable tolerante will result. This process is shown
28 1likely to irclude modification of requirements and dectrine as dictated
Ly system concept consideraticns.

JOINT ACTION TO MEET REQUIREMEITTE

The precediug sections have described the procedure one follows in
systematic development of an alrborne weapons system. It is anow important
to estoblish the status cf the two systems of interest {ThI-1 end FBU-3)
and outiine a procedure to be followed in the course of design and develop-
ment. Present nrogramuing of study vesuits frou the contractor team call
for a completlion of technical analysis of the problem cn 1 January 1958.
Following that, a rechanization study employing the theoretical information
is due to be completed 1 July 1958, which leaids to & military specification
approval of {he principal parts of the system in September 1958.

At the present time preliminary results are available from the Navy
air-to-air missile study program which should be useful in msking decisiona
on important phases of the program planning and execuiion, These preliminary
results are detailed in the study summary attached to this report. Rven
though the study is not ~omplete it 1is possible to draw from it inferences
which will at least allow the design and development of the long lead time

4 CORF IDERTIAL
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items Lo be implemanted. ‘Thie action is strongly recossended. 1Tha fact
that study cutputs are availahle doer not detract from the inportance of
ircreased emphasis on contractor conducted situdy of the protlem. Ingtead,
it 1s Intended thet the Havy's study results be used to expedite system
development until such A& time as the ~ontractor study remulte in design
{aformation useful in defining the acturl charecteristics requirad in the
various system elements.

Proceeding on the assumption that the deta presented in the study
sumas»y will be used as recommended above, Fig. 5 lists a procedure vherevy
one could carry forward the systematic develcpment program. As stated
previously, important within theze infersncee 1is information whichk should
be useful in establivhing the gulde lines for work on system elemenis
wherein develapment time represents a critical factor when reiated to the
progra med delivery detes for the operational system. Figure 3 lists such
inferencee as related to system dev:lopment. The datails of these iiems
are ar follows:

1- There is & need for the formulation of the basic system configura-
tion 80 that an integrated dasign approach can be made to the following
areas:

a. E~vironmental suitability
b. mintainabiuty

s. Gompatibllity of elements
d. “hckaging concept {integrated effort by the participating
contractors’

2. The resu'ts of the havy's study confirm earlier estimates that a
gituation Aisplay will be vital to the extraction of usetul capability
>4 the system. The ncad for and possible iype of situation display wes
descrihed in ap earlier NRL Henorendum 0-530'9-612/ 57 which is included as
Enclosure 1 to this report.

3. There {8 & need for the iurzualation of tactizel doctrine guide
2iaes mo that best use may be made of the otherwise very limiteGd capebility
of the svstem to fulfill operational requirements. These guide lines should
Bpe. 2ify the operational inierdependence placed upon external logistic areas
such As:
. BUSEIPB cognizent areas - CIC operatioaal procedure, ships
environment, search radar, hemdling equipment, vacuum tube
spares, etc,

5 CONFIDENTIAL
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Formulats besic system configuration

Davelop aitustion display

Pormulate tactical doctrine guide lines

Revire operstional concept for usage of secondary missile saekers
Batablish applicability of secondary AI firs control systems,
such as IR, to the deficlent areas of the primary fire control
systom.

Establisih lowest acceptable limits defining a useful Navy system
Actions on Items 1 thru 6 above cannot await the completion of
all study erfort, but must be actively pursued to insure that

a useftll ( ystem capability can result.

Fig. 5 - Joint Action to Meet Requirements
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b. BUORD cognizant areas - interconnection with other weapon
aystems, avoidance of hazardous areas of other weapons sys-
tems, warhead. fuze. etc.

¢. BUATR cognizent areas - alrcraft sirframe environment, power
sources, spares (A£0), etc.

d. (N0 cognizeant areas - uperational requirements.

e« . Coutractor cognizant areas - dependence upon contractor for
malntenancze.

L. A change in the operational concept is required if value is to
be derived from the proposed weapon system flexibility to be achieved
through the use of IR Sparrow iII missiles or other mixed loed capa-
bilities vbhen targets of interest approach those spelled out in the
operational requiremsnts. The preliminary study shows that for high
speed targets Vp/Vp = 1, the rear hemisphere area (high probability area
fo. IR seeker) fs not attainable becauss of the inability of the inter-
ceptor system to attein a proper launch position. For cases where
Vp/Vp = 0.8 or less marginal cspability exists for the IR technique.

Thus, reappraisal of the tactical use concept for IR capability is indi-
cated,

5. There continues to be a need for the establishment of requirements
for the basic system so that the applicability of IR (fire control) and
other redundant systems may be examined. Corncurrent with the epplication
of redundant systems, the tactical doctrine must be re-established as it
applies to the fultillment of revised mission accomplishment capsbility
for these systems. In support of this opinion, NRL has submitted memo-
randum C-5364-594/57 which is included as FEnclosure 2 to the report.

"6. There is a need to establish an early indicatdon of the opera-
tional limitatic s imposed by development time limitations. From this
indication the lowest acceptable limits which will provide the Revy with
a useful operational capability aust be established. During this process
a balance between performanca as related to sensitive parsmeters, amcng
which are ‘T redar range; AI gimbal limits; preparation time: missile
secker T% 48; stc., musi be attained. This conclusion is supported by
data in the Mavy study sumsary and by NRL Memorsadum 5364-748/57 which
ig included as Enclosure 3.

6 CONFIDERTIAL




T. The Navy's study rasults to date, ms intorpreted by NRL, indicate
that the limitations imposed by the present system &pproach, by aguip-
ment deficiencies, and by lack of adequate Gevelopmont time will
severely limit the attainment of the opsrational requirement objec-
tives. If the preceding eix generally deficient areds can be remedied,
useful atteinment of operstional requirement objectives can be achieved.

If COt PIDENTIAL



DETAILIED RECOMMENDAT IONS AND CUNCLUSIONG FROM SUMMARY OF RAVY STUDY PROGRAM

i. Tne px‘e_Lulu.na.ry resuliis of the su nu._y J.DU..I.L.B.(.E that for co-aititude
high-speed attacks under "ideal” conditions with VT/VF = 1 the inter-
ceptor must start its approach from forward of 70% off the target's nose
if 1t is to get into a position to launch a missile.

2. It can be easily shown from the study results that when additional
time ie added for systems preparation (currently estimated as 27 seconds
total) most of this fo-ward 70 zone will be eliminated. In the case of
Vp/Vp = 1 for attacks occurring at 30,000 and 50,000 feet, approximetely
a 10° zone (from 60° to 770 off the target's nose) would remain.

3. When VT/VF 18 reducec Lo 0.8, attacks can originate from around the
clock for ideml conditions. However, when the toinl system setiling time
i8 considered, it can be shown that spproximately the forward 60° is
eliminated from the usable atiack zone.

4, When the interceptor is slowed down to Viop;jge 8dditional time is
availsble for forward hemisphere rttack. However, when the target is a
high speed one, the approach aspect is eyen more restricted. For example,
when the target is flying at Mach 2.0 at 30,000 feet the interceptor must
approach from forward of 40° off its nose.

5. When the target speed is Mach 2.0 and the interceptor speed is Mach 2.0
or Vpyax and pull-up attacks are employed under ideal conditions, success-
ful engegements are restricted to 7,000 feet altitude differential for
targets flying at 30,000 feet altitude and higher. No capabiliity exists for
targets flying at 65,000 feet altitude.

6. When the target speed is reduced tc Mach 0.9 and the interceptor is
flying at Mach 2.0 or Vpay , successful engagements are restricted to
altitude differentials of 17,000 feet or less for targets flying at
50,000 feet altitude or higher. When the target altitude is 30,000 feet
or less, successful pull-up engagements can occur from sea level to
co-altitude.

o~ e -l.- a8V rmvad Aoern 4o Maak N - b=
CEPLOT LS R4aCwWelh LOWL WO mmeilo v.;: av

1lity exlists for pull-up attacks against
arget at altitudes of 65,000 feet or

L d B~ +ha ammaan vrha ara o 4
7. &~ror uvide CAQSTS Wl vias

the start of pull-up, no capa
either a Mach 2.0 or Mach 0.9
higher.
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8. For the pull-up attacka at 50,000 feet or less, a greater altituds
differential capability exists when the interceptor is slowed down to
Mach 0.9 than for the cases where Vp = Mach 2.0. With the target flying
at 50,000 feet (VT = Mach 2.0), this altitude differential 1is 10,000 faet.

9. The probability of sucdesaful abtack when limitéd by 'some of the dmgrad-
ing. faéttorecsuch as gimbal angle and vectoring inaccuracies havc been

in part investigated. When the interceptor is flying at Mach 2.0 in a co-
altitude attack and Vqp/Vp = 1, the probability of successful arrival to
missile launch for the nose-on case is L6% and for 30° off the target's
nose 18 52%. At 60° off the target's nose, the probability goer to zero
because of the interceptor's imebility to get into poaition and because

of gimbal angle linits.

10. When Vq/Vp is reduced to 0.8 and the engagement occurs at co-altitude,
the probability of successful arrival to missile launch is increased to
484 for nose-on, to 82% at 30° off the target's nose, and to 50% at 60°
off the target's noae.

11. When the interceptor is slowed down to Msch 0.9 the head-on proba-
bility of success goes up but falls off rapidly as the aspect angle
from which the engagement starts moves toward the beam. For the case
of VQ/VF = 1.7, the probability of successful arrival to missile launch
is 71$ for ncse-on and zer. at 30° off the target's nose.

12. Although many of the degrading factors which will be encountered
under realistic tactical conditions have not been inciuded in the study
to date the results can be inferred. It is predictable that the indi-
cated probabillity of success values given in Items 9 thru 11 will be
reduced markedly.

13. Thus far in the study program the resulting improvement from the use
of & bright display, bandwidth switching, and optimized search area
have been investigated. The result is an increase in AI detection range
from 12.7 n.mi. to 19 n.mi. for a Mach 2.0 interceptor attacking a Mach
2.0 target head-on.

14. The improvement factor given in this report for a bright display

is an engineering estimaie of that whick could result by brightening
the current presentation. There are many other "lost" db's which could
be recovered through & program of system analysis having as its objec-

tive an optimization of the pilot's environment. This program would include

9 CONFIDENRTIAL
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the possibility of such ftems as an HRL type bright display, situation
display and general cockpit optimization.

15. When the improvemant factora of Ttem 11 are incfuded and whes ths
antenna gimbal limits are increased to ts in azimith and elevation
there is a marked improvement in probability of successful arrival to
missile launch. For example. when Vp = Mach 2.0 and Vp/Vp = 1.C there
is an improvement in probability of success of approximataeiy 304 for
hesd-on attacks resulting in a value of 75%.

16. It 1s believed tbat the improvements of [tem 13 could ve incorporated
in the system during the time era of interest. The Laboratory would
strongly recommand tbat the Burewu direct the contractors to proceed
toward this end.

17. The results of the study program infer that a situastion display

is & necessity if a tactically usef\l system is to result. This situation
display is important because it can provide demta from which ti: pilot

can start an intercept prior to AI radar dete:rtion, (Bnclosure 1).

18. A preliminary study of the se..isitivity of probabllity of success

to AI radar range and gimbal angle limits has been made., The result is
+hat in some areas, especially nose-an, the probability of success is

very sensitive to range. In other aceas, especially 60° off the nose

of the target aft, the provability of success is very sensitive to gimbal
angle limits. It is obvious that these festures are interdependent. Thus
a compromise in mechanization (for example large dish versus gimbal angle
coverage) which can result in an approach to nmaximum overslli use capa-
b1lity must be reached before design effort can be apecified, (Enclosure 3).

19. The findings of this study could and should be applied in the system
design effort being conducted by the various contracters. To this end,
the study results and details should be made avaiiable to the principal
contractors. The impact of this is directly related ro the imrortance
of defining the long lead time system elements.

20. The undefined developmantsl state of IR for the fire control system
is such that no current system can be resalistically analyzed in terms of
its potential contribution to overall syatem performence. Teat informa-
tiocn taken under conirviled copnditions would provide information needed
by this study program in order to investigate system deficiencies to
determine the applicability of secondary systems, (Enclosure 2).

10 CONFIDENTIAL
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21. Analysis of system performance resulting from use of the Sparrow III
TR Seeker will begin as scon as sufficient data s suppliad by the con-
tractor. To date the inTormation availalle to NRL is not adequate to
wvarrant an analysie.

22. Results of incorporation of the Sidewindar mlesile in the system
will be investigated. Forthcoming study effort will initially be based
upon estimates of missile performance, since design of the S8idewinder Ic
will not be frozen during the remaining study interval.

23. In order to continue on an uninterrupt~d basis, it is important at
this time for the Bureau of Aeronautics to program an extension to con-
tract XOas 57-663d4 under the administrative cognizance of the Buresu of
Aeronautics Av-3122 and under the technical direction of the Equipment
Research Branch, Code 5360, NRL. As detailed in the report, there are
important aress where timely coverage will not occur in the current

study program. In addition there are problem areas vwhich should be
investigated but because of the limited scope of the current program will
Aot be investigated.

24, The laboratory will forward to the Bureau, under separate cover, a
recommended extended study program.

11 CONFIDENTIAL
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C-5309-612/57 9 August 1957
MEMORANDUM

Subj: Indicators Configuratior for FUH-1 Alrplare and Aero X1A System

o mmeafneaad sith ithe Anwr VIA Plwma aantbwnl sustam and will aae Gaavesar TTT
T CyYulLppcu Wivhlh wid ACTO e 40T COLLITCa MY Ui LA WAL WML WAL A URE A Al

as its principal armament.. The Iintrcduction of the data link, durin, the
early fleet cmployment of this aircraft dictates that the fire control
system operation be set up to utilize the information available ud an
output of such a system to optimize the utility of the overall wespons
control system., The outputs from the data 1ink musi be displayed to
prosent the airplane operators a usable tactical display and st the samo
time data from the airborne intercept rader must be displayed in A manner
consistent with ihe tactical display. In this aircraft the problam 1is
complicated by the fact that the phasing in of data link may lag the
initial fleet deploymant of the aircraft. Thus the tactice® display must
be usable with current voice communicacion. This memorandum will outline
some of the requirements that are placed on the system by these conditions
and outlines a recommended solution.

1. The FUH-1 airplane is a high performance itwo-place fighter which wiliJ
i

2, The aircraft has a pilot whose principal task 1s to fly the aircraft
to intercept, utilizing rirat ground generated attack data, and after
AT detection, the data generated from his AI radar and fire control com-
puter, Without such a visual atitack display the probability of intercept
will be low. The radzr operator has the primary task of radar detection
and identification of the target, and subsequent to detection he acts as
a monitor to agssist the pilot vhere possible. He also -~ -ves as navi-
gator and for this system will serve to put certain ground generated
inputs into the system, prior to the time of introduction of the dats
link. The introduction of the data link will allow automation of this
particular function.

3. With the advent of newer cathode ray tubes the use of two color pre-
sentation will be used to present primary and secondary information. The
use of such a tube is assumed in this study, however, it is not mandatory.

h, Tha haaies vactoring _-_vgt tn hae uvasd wvmld ba basad on the triancia

==% AT LILENGgLS

presentations. It is felt that the advuntages of this system are prin-
cipally the wide bandwidth of the usable intormation and the flexibility
that the system allows in the establishment of intercept doctrine. The

ENCIOSURE 1 12 CONFIDENTIAL
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triangle system has

(a)
(b)
(e)
(a)
(e)

These guantities are then combined with cata generated In the alrcraft
and operated on to generate range, vearing, elevation, andl target headirz

in airplane coordinatea. These are put on an indicator as shown ir Fig

X, the
Y. the
Target
Target

farpet

ground gencrated data inputc

N-i3 displacement between Larget and interceptor.

E-W dfuplacement..
altitude.
speed.

heading.

in a FPI type presentation.
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Fig. 1 - Basic Triangle Display

This shows two vectors, one emanating fram the bottom of the indi-ator
is the interceptor vector, and the other from the target is the target
vector. The length of the vector is the velacity times & preset time.
A pilot-operated time dial can be set so as to bring the ends of the

two vectors to the same range as stown it Fig. 2.

driven so that the time shown 1c alvamys time Lo (0).
relationship of the two vectors when the tlae dilal has been set to *+ime

to go.
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Fig. 2 - Establishiiug & Collisio: Vector

Condition "a" shows the pilot that hls course is toward the left of

& collision course, and by turniag the sircrafv right he can bLring the
ends of th. vectors into coircidence as in "b." At this time the uir-
plane is in a collision course.

Tt is such a maneuver that points up the first advantage or triangle.
The waneuver showsa up immed’ately on the vector display. Were tha vec-
toring computation Adone on the ground the feedback cf information regard-
ing the Larn would besve to woit several sweeps of the search radar before
the new truck wonld be generated. The triangle results in a vastly in-
creased vectoring system bandwidih. The second principal adventage
foressen for the syster i1s in the flexibillity of establishing doctrine
for vectoring approaches. The pliot could, for exampie, readily fly a
collislon course towerd a cut-off point which he could establish visually
on the scope. If ho anted to start his attack run from a cut-off point
10 miles off to one side and 20 miles forward of the warget, in order to
assure a forward hemisphere appsoach, he could readily fly & collision
courge towvard this point and then meke a turn towsrd the uitimate attack
course.

5. An additiomeld compuved qaantity 1s to be added to the pllot's vec-
toring indicator. This is a line which indicates to the pilot the detec-
tion range required for a high probability of successful intercept. If
the bargst 1s approaciiag thiz berrier and as yet deteciion hes pot been
mede he ls warned that some delaying tactics are required. A slowdown

in the forward hemisphere mey be uneceassary or a course which would aller
his approsch would be suitable tactics for maintaiuning a high probabllity
o? k111. Such tactics can be experimentally derived using this vectoring
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system. The addition of gimbal limits in this indicator appears uecassdi;".
The complete prir auy pllot display for vectored search operation vector:._gg
mode is ehown in Fig. 3. [t includes an z]levation slash which gives
elevrtion difference vetween him and the target.

~———GIMBAL LIMIT

...
~~—— DETECTION
DARRIER

N

Fig. 3 - Complete Vector Dioplay

6. The radar overator would normally require only the search display

duw: ing the sear~h period. Since outputs of the triangle computer are
bearing, elevaet.on angle and range it is possible to point the sntenna
toward the expected target position. Only ‘he arec which 1s likely to
contain the target will be searched and will be displayed on ths ipdi-
cator. The expected target position will lie at the center of the tube
and the center will therefore serve ms & designation point. As the
airplane turns the antenna would continue to search around the most prob-
able target location. Thus the display would be stabilized about the
line of sight %o ihe expected target position.

Designation of the target would be accomplished by overriding the
triangle designation and performing & lock-up. Designation would re-
quire insertion by the radar cperator of the difference in range,
bearing, and elevation tetween the actual detected target position and
the position indicated by the output fram the triangle system. They
will be inserted using a conventional joystick. Also, on the pr:senia-
tion for the radar operator will be a minimm detection range curve
comparable to the one on the pilnt display. The principal display for
the radar operator 1s shown in Fig. 4
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Fig. 4 - Radar Operator's Principal Search Dispivy

7. During the time when the data 1ink and the agsociated ground equ ip-
meut 18 not available for the fleet the radio operator will functicn as
8 transducer of information. He will take data comparable to the ncrmal
date link outputs and mamiglly feed them into the system. Thiz will
place an additional requirement on the systematic mechanization of the
vectoring computer, in that it must be capable of functioning with
either automatic or menual inputs,

8. 8econdary or emergency modes and training operations require that
the pilot aad the radar operstor be able to monitor each other's scope.
For thiz reason, as an optionsl display, either usan can chonse to super-
impose tie other's display on his in a second color.

|
\\ = -f‘
NOTE ; SECOMD CoLor. =
SHOWN B8Y S I
DASHED LINES | ? —_
- ™ — T — -
g | <
‘\ L] P4 \
~ ! // -
Ny
Fig. 5 - Range Operstoris Optional Two-Cclor Display
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The development of the two-color display using a transparent phogphor
nag sdvauced sufficiently far to plan for its use with this system. A
two-color displey 1s not essential but would offar great advantages.
With thie Tacility, che pllot can assist the rndio operator in cawes
vuere the radio operator experiences difficulty in detection and also
the radar operator could aid the pillot in determining cut-off discances
and so forth. In the event of fallure of either indicator, the mission
could be completed with a reduced probability of success.

9. After detection, designation, and lock-up the pilot will get a die-
piar which once again will rely ca a two-color display. This 78 shown
in Fig. 6.

NOTE !

SECOND COLOR.

i

]~ Dot

SHOWN  BY S  “$—— FORIZEN
DASHED LINES ~ CIRCLE
T /

- \\ /

~ ’d Va
- \ -~
AP | 4
. /
A | /
N4,
d Ny

Fig. 6 - Pllot's Attack Display

The circle-dot dieplay will comsist of collapsing circle fixed at the
center of the displar. The size of the circie will be such tnat if the
pillot ¥eeps the dot vithin tle circle he can be sssured of completing

the intercept. Thus, as the run nears its completion aud the require-
ments of heading sccuracy increase its reduced size will reflect this
ircrease in required accuracy. The triangle aituation display will iis-
play the range, time to go, range rate, approach angles, lead angle in

a mamner vhich shuuld be superior to the current techniques. The data

to generate this display will came from the AI radar, and not the ground.
A1l the required guan.ities are now computed for the fire control solutiow.

10. The principa’ duties of the radar operator during the attack phas~

1ie in monituring tue attack sgituation, in checking rader operation and

in watching for counter measures. Hie primary display will be the collapsed
B-scop.. The t.iangie situation display will be added in the second
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color as shown in Fig. 7.
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Fig. 7 - Radar Operator Display

11. The breskaway siial will be a computer generasted oral ione.

12. ©Secondary modes of opera*tion call Tor modification of these displays.

When on patrol operations, the area to be searched may call fur a wide
azimith angle search or for a possible sector scan. A selzctor switeh
should be set for eitiL:r wide or sector scan for the patrol mode. 1In
this case the radar ope.ator's ludicator could show all vargets with'r
some preset range, and over the azimuth angles which have been chose: .
The pilot can use the trlangle presentation as & navigaticon aid. If a
preset polut 1s putv in the system as & target, the pilot can use this
as a reference point in his patrol activity. If severel plane: are
used in a ioutine patrol the use of preselected reference points ~an
assure & thorough search of an aven. Navigation back to the ship ox
base can be accomplished by setting in the base location as the refer-
ence or target point.

CRentea 7:{,-

Charles H. Dodge
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C-5364-594/5T
MENORANDUM

2 August 1957

Subj: IR Tie-in for Aero X1A and XiB

1. At the AMCS Aero X1A/B coordinating conference on 27 July 1957,
#RL was verbally requested by the Bureau of Aeronmautics (AV-33211)
to render advice concerning the IR tie-in for this system. At pre-
sent, under contract with the Aircraft Division of BuAer, McDonnel
Alrcraft Company has subcontracted to Avion the development of 51
IR search and track device for the FLH aircraft. Additionally, the
Bureau (Avionics Division) has a contract witk Aerojet for the develop-
ment of IR equipment. This contract has besn oriented to be appli-
ocable to the FBU-3 aireraft. There is a desire on the part of the
Buresu to combine this IR development effort in the hands of only ome
contmctor.

2. Because of statements made by the two IR contractorse at the ANCS
Aero X1A/B Coordinating Conference, namely that each is fully cogni-
zant of the tie-~in problems into the rest of the AMCS and that each
could use any of several tie-in methods, it is not possible to make

a selection of comtractor on a technical basis. In other words, each
contractor stated that he would solve the tie-in problem to the satis-
fuction of the Navy. It is therefore recommended that the contractor
be selected on the basis of Lis experience and reputation in the de-
velopment of IR devices.

3. There are several system aspects of an IR tie-in which appsar to
have been neglected in plamning the IR tie-in effort.

&. The use of an IR equipment in the AMCS can only be justified
on the basis that it "fills a hole" in the system capability caused by
a deficiency of the other parts. BSuch a deficlency might, for example,
be the lack of radar low altitude capability. ~Becaus~ the develorment
and use of IR devices in this country is only in its infancy, the capa.--
bility of IR to supply an otherwise lacking performance is seriously
in doubt until provem. This is particuiariy true at low altitude where
atwospheric absorption and ambient background levels are high. For
example, recent NRL IR msasurements of the FSU-1 and F11F at cruise
velocity, withoit afterburner, and at altitudes between 2,000 and
4,000 feet, show that these aircraft are not detectable in the nose
aspect at any range. The measurement equipment was state of the art
laboratory equipment of known high semsitivity.

" ENCLOSURE 2
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b. To prove or disprove claims of IR capability, it 1a necessary
to proceed with the developmert of IR equipment at a rapid rate.

c. Until IR equipment capability can be proven and because of
weight and complexity considerations s 1t ia necessary to proceed with
the development of the AMCS Aero X1A/B as though no IR tie-in would be
made.

d. It is very important becuase of I{:ems a, b, and c above to
develop campietely separate radar and IR systems so that a failure of
either system will not impede progress in the other. At such a time
as both radar and IR capabilitiers are evaluated and exist as proven
techniques it will be possible to reconnect the separate systems as a
single system in a suitable tie-in configuration of lese wéight and
size than that possible with separate systems. This will be possible
because A4 number of the parte may be made comron to both systems.
Interconnection at this later date should be relatively easy and not
very time consuming. 1% is recommended that sw.ch a program he adopted.

L. A research program to make radiometric measu ements of airborne
targets in the IR spectrum already exists at NRL. Equipmeut for thie
purpose 1s in hand and operating. The KRL program ca.ls fcr measure-
ments at both high and low altitudes. A parallel program to conduct
~imilar research in the radar fi. 'd has been in existence for saxe

cune and will continue indefinitely. It is suggeseted that the selected
IR contractor, in his development program, make use of this facility
for comparative radar and IR measurements. Such a method of data col-
lection 1s of intcrest to cognizant NRL scientists.

5. an summAry it is recommended that:

a. A single IR contractor he selected on the basis of experience
and reputation.

b. Both radar and IR syastems be developed as separata self : if-
ficient packeges.

« en loth radar and IR performance contributions to the ANCS
can be fully appreciated, the integration (tie-in) be accom-
plished.

d. Bquipment contractors use existing NRL fecilities to perform
irate and ccmparstive redar and IR measurements.

: Eurence[ “Gilchrist

20 CONFIOERTIAL

-



C-5364-T48/57
17 COctober 1957

o na e / . a amefaemm _l
Subl: Eatimated Technical Roquircmsnis 0T AR/ATG-T< and AR/ ARG~
Radar Antenna

1. Design of fleet deliverable, production AN/APQ-TP & 4 radesrs 1s

Aue to he frozen {along with the dsaion of the rest of X1A-X1B systiems)
on uwbout 1 Beptember 1958, Several loag lead time components of ths
systems such as antenris and indicacor require an early start to insure
delivery of satisfactory hardware. This report deals principally witn
the antenna. The important subjuct of indicator requiremsnts has been,
and 18 being dealt with separately.

2. 8tudies leuding to the design requiremsnts for system components,
such as an antenna, are being conducted by both contractor and MNavy
activities. The contrector study which officially governe design re-
quirements will have an initial output by about 1 January 1958. Because
of the long lead time it is necessary to estimate the design reqguire-
wents for the antenna now so that detailed design work may proceed on
schedule. Freliminary results of the NRL-Westinghouse study are used
as a background for the tentative specifications which follow.

3. PEstimates of the limiting technical requirements for X1A-X1B antenns
together with comments on each item as nscessary were generated by NRL
and Westinghouss engineers on 16 October 1957. The requirements are
broken into six parts, ramely search, conversion, tracking, structure,
environment, and rf.

SBARCH

Usable gimbal limite: -+ 60°
Antenna diameter : 30"

Comment: Studies indicate that the problem to be solved is sensi-
tive to range improvement of up to 8 miles and to gimbal limits beyond
67° Present improvement programs (not including antenna sige) are

dcsigned to give such an improvement. However, there is no way, at
present, to guarantee the outcome of these changes, It thsrsfors

becomes practicul to consider specifying that approximately half of
the desired improvement will occur due to a change in antenna size.

ENCLOSURE 3 21 CONFIDENTIAL
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A number oY diversive efforts are under way to change the design of
the fire control system outside the structure of contracted for re-
spongibility. &iner a certain amount of planning has occurred to

provide aircraft struciures wnich may support & lavger anlennm, ithe
rire 2wmi. .’ (ontractor should consider the use of such slzes as are
3 wopriste to furnishing a four mile range improvemeat for e single
watunna decign vhich will fit in both aircraft. A 30-inch di ameter

e . ot A ol P e L TN Aaanad en o [y ey

Q.LIWGL L& U\I BALVLOL Y 4 MLH Lc\‘u.;;vmun . .L.L ] ML LA, ucn;su, Ll: u.yyceu. o

‘hat a further chenge in clze will ease the difficult task of supg Ly-
ing the .arge glibal limic “wquitrement, such a change is recommend.d.
The fire control problem scintion is more sensitive to glabal angle
linit than to iricreased anterrw diameter.

Toan area: ‘3501120

Jomme . ©  S-wvial Jndeceader . studies support these figures as
betag oscluum for DGFIEL A'™s X8,

- sime - seconcs
Carwent: Opti w In lies ".ciween 1 axnd LU seconds.
Slew velocity: 60/ uec )

Comment: This figurs is & direct result of the choice o1 frame
time if a four bar scan is used.

Brror in following a stabilized search program: less than 1°
Comment: This .8 a reasonable design criteria which results in

limiting aircraft meeuvers during search to those of a load factor
of 3 or lesse.

Maximum roll angle: ¥ 90°
No comaent
Maximum roll rate: 15°/mec

' Comment: This is difficult to estimate for the search phase, The
rigure quoted is from instrumented FUD attack phase runs.
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Maximum pitch rate: as resulting fram a loed factor of 2
maneuver at cruise velocity.
Alrcraft resonances which affect stebilization dasimm:
pitch, 2-12 read/sec
yav , 2-5 rad/sec

P e alafn )
COMVEREINN (Wsak zignal tracking)

Stabilization design: as Lo SBEARCE above. Additionally the
effects of own ships motion must be reduced by & fector of
10 in the band below 10 radians per second.

Comsent: This criteria has been satisfactory in the FiD in the
past. lack of such a criteria is the reason wvhy conversion and lock-
on must be delayed In the F3H system.

Design limits of rate of change of line of sight: rates
between 0.1°/sec and 10°/sec must be resolvable from noise
at point or use in the system.

No comment.

Usable gimbal limits: <+ 60°

Comuent: Until initial errors are corracted a large gimbal
angle limit requirement still exists.

TRACK

Usable gimbal limits: < 60°

Comment: No change in mechanical design is requiced from that used
for SEARCH, However, it does not appear necessary to extract weoasured
lead angle as a linear function beyond = 45° limits.

Stabilization: Design must reduce the effects of own ship's
motion by a factor of 10 in the band below 10 radians per second.

Comment: Comments as before apply. Additionally, the antenna

design bandwidth 1s controlled by the stabilization bandwidth. Treck-
ing bandwidth requirements are less severe.
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Post lmunch load factor: a design limit of 4 appears reasonable o
during vhich maneuver the line of sight error must be less than 3 .

Comment: This requirement appears to satiasfy the need for post
lauiacii illumination Tor guidance.

STRUCTURE

Mo stiructural resonances which increase gain ahove the contour
gow (lg—"g)2 should be allowed.

Comaent: Primary resonances in the structure must be maintained
st freguencies above 300 rad/sec undsr all envircnmental conditions
to &vuid instability from this cause. If the airframe supporting struc-
ture does not permit meeting this design requirement, mechanical filter
netvorks in the form of vibration isolrtors should be used to mount the
antenna.

EBVIRONMMENT
Ships environment: no major fatigue failures in ‘5 years.
Adrcraft environment: no major fatigue failures in 5 years.
Btorage life: 5 years.
Comment: These specifications &re the result of the 5 year life of
the weapon system spelled out in the Operational Requirements. They
result in the following detailed rejuirementa.

Shock: Must withstand 60g to 80g repeated loads of 11 milli-
second duration while operating.

Vibration: Must withstand .036 inch inputs ir the band 10 to
100 cps while operating. Resonances in the band
10 to 1000 cps must bLe of amplification factor less
than three to result in long fatigue life.
Temperature and humidity: MIL E-S40OA

Altitude: O to 65,000 feet

2L CONFIDENT IAL




T ——— S P

r

Comment :  Dut consideraiion must he made of the fact that operation
at extreme sltitwir Limits is  .r very short tims (perbaps 30 minutes
total time at 65,000 fret ir a five year per.ou). A reeacnsble criteria
m.it be estallished fcr failure at altitude.

Migsicn profile: The training profile is more ssvere then the
combat profile and will involve 2 flighva per day, & days out i 3.
Each flight will involve 5 conversions fram search to track inciuding

2 hours of radar vycrat:"z‘a of which b minutes will he in the track mode,

Iittle of the profile will be at o.l.\her extrem~ of altitude, 35,000 feet
being likely.

R.F.

Bandwidth: As specified by study of freguency separations re-
quired to avoid mutual interfarence. The atudy zshould be completed
immediately. Thie approach automaticelly gives all the frequency
diversity countermesasures protection needisd.

Polarization: Primasry mode, vertical; secondary mods, in
wveather, cirsular.

Consnent: Serious doubt still exists that circular polarization will
captribute anything uniess the radome design {s made t6 reduce depolariz-
ing effecia. Auvtomsiic circuitry must be designed into the rest of the
syetem to make use of the secondary mode, otharwise beneflits Lo be gained
may be cancelled by losses attributadle to pilst Judgmert snd sttention
factors.

Borsmeight shift: 1.5 mils mms includlng vrdome. No desisoili~-

ing effects of boresight shift cap be tolerated.

Harmonic distortion of scan frequency: A tolerancs i vel must
Ye set in view of varions propcsale for the use ot pouncircular Jieskes
and alircraft structure interferences.

L. A1l of tne s&bove egtimated reguir~me=nts arc to he viewed wu cowm-
bined specificaiions Ior sircrafi, radowe, and aontenas.

L Pty

N PVl Rkt L, T

e .

Maurence F. Giifhetat
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INTRODUCT TON

The Bureau of Aerounautics has contracted with Westinghouse, Air Amm
Division, for enalyticel services tn he used in a study to estahlish
the tactical use capability of the F4H | and F8U-3 Weapon Systems. 'this
study is conducted under the technical direction of the Naval Rescarch
laboratory with ail inputs derived from Navy sources. Westinghouse,
ueing thega inputs, will submit anelytical results to the Navy. Recom-
mendations and conclusions to be drawn from analytical results are
assuzed to be & Navy responsibility aud in particular the responsibility
of the technical directors (FRL). This report is the first in a series
directed toward carrying out this responsibility.

The data presented herein is only partlally complete. There are
naLy areas where much work remains to be done. Nevertheless, it is
important to present the study matcrial at this time for several reasons.
Among these are; (1) to indicnhe the scope of work accomplished and work
remaining to be done, (2) tc nrovide gu’de lines useful now to the
Buresu of Aeronautics in thelr airsctior of contractor study efforts,

(3) vo provide timely informetion that will aseist the Bureau in making
decisions on hardwere development.

This memorandum is intended primuriiy for Buwreau information. It
is reallzed that the material present»d, in some caf:8, 78 incomplete
(work still underway ln many arees) ' .d probably sbould not be releasged
to contractors at the present time. Except for govermment activities,
all distribution will be handled through the Bureau channels.

STULY FFOCEDURE

Table I is an outline of the Navy's Air-to-Air Missile Study Program.
As originally planned the outline was 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 szcond Invecstigation, conaldered separate for contractual reasons,
was plamned *o be essentially a repeat of Phases I to V of the basic study
but for the Sparrow II missile. Postponement of the Sparrow II study
and ot Phase VIIT of Tablile I is presently planned in order that more
presging problems, which have come up as & result of study to date, can
e invest.pgated.

for purposes of pursuing this study on a working basis, a framework

oY ~ix psrte has been constructed againat which the performance of each
system combluation is to be analyzed. This Fframework is as follows.
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Pert 1: Development of effective theoretical co-altitnde
attack zones under ideal conditions.

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

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

Part U4: Repeat Part 3 for possible improvements to the rystem
which are being considered by the Navy.

5: 8tudy to determine and assess realizable improvewents.

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

The material presented in tihils report is grouped to fit thig framework.

FhH-1 and F8U-3 WEAPON SYSTEMS FERFORMANCE UNDER IDEAL CONDITIONS - INPUT DATA

The performance of the system under "ideal” conditions will indicate
s tectlcal capability representative of the best that can be achieved with
high probahility. As i3 evident from the ontline of Table I, several para-
meters are assumed to be without error. Perfect vectoring against & non-
maneuvering target is assumed for exumple. In addition the effects of
weather, clutter, and CM are not consldured. However, ths word "ideal"
as used here should be reed in a iZimited sense since the performance of
the weapons . system sub-elements is dafiued by reeslizable rather than
"infinite" quantities.

Redar Analyses

All detection ranges given for the AL radar in this study were
obtained by scaling test results from NATC, Patuxent. Figure i gives
probability of detection versus range curves for the AN/APQ-50 radar
against an F2H-2 target at an altitude of 30,000 feet. The first models
of the AN/APQ-72 and AN/APQ-74 radars will have essentially the same per-
formance as the AN/APQ-50 (if not degraded by added complexity of extran-
eous system functions found in the original conc:pt of the weapan system.
This curve was originally obtained from Reference (1) and was teker from
Reference (2) for inclusion in this report. The probab.lity of detection
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PHASE I

OUTLINE OF NAVY AIR-TO=-AIR MIS2

TABLE I

ATTY ACTOIITT O
£y g

Altitudes (co-altitude case)

1. 1000 feet cr less
2. 30,000 feet
3. 50,000 feet
Interceptor Veloeclty -
1. Fi4H at altitude (V EV )
2. FOU-3 st altitude (g% o Sv °°
mex cruise)
Target to interceptor speead ratio for luterceptor at vmax
1. 0.45
2. 0.8 $Some cases may be trivial und wiil not be used
3. 1.0

Target speed resulting from above will be used for interceptor

at vcruise

Conditions ~

1. Perfect vactoring

2. ©Streight line flight path

3. Curreant AI detection capobility

k. B-47 size target

5. Preparatinn time - Two cases determined by study

6. Sparrow 1II - apabiiity of curvent sseker is to be
use?,

7. Sparrow III - Aerodynamic capability of curreni missile
13 10 be used.

8. Gimbal angle limits in FUH and FBU-3 aircraft -
a. APQ-72
b. Seeker
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PHASE II

PHASE III

PHASE TV

9. Illumination consideration - Geomet.y of
keeping both target an missile illuminated.
Illumination requirems: ts to he determined
by study.

Jystem Snap-up Performance Under Ideal Conditiorns

A.

B.

A, C, D, and E - same as Fhase I
Altitudes (snap-up -ase)

1. Target

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

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

System Performance Under Expected Tactical Conditlons

Target maneuver
Vectoring accuracy
Weather

Limits imposed by interceptor tactiocs

1. Climb capability
2. Endurance

3. Dead time
Countermeasires

1. Airborne weapons sysien

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

A.

Improvements proposed:

1. Search volume optimi.atlon
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Triangle system vectoring

Automatic alarm

Improved receiver noise figure

Rack-biased range and display IF amplifier with broadhand

switching

Gated narrowband angle track IF amplifier (home on Jn.m)

Bright display

Provirnion for switching polarization (circular and

vertical)

Broad banding of the plumbing

Jittered PRF

Antenna with high altitude feed

lmproved two-speed AFC

13. Relocation of CW injection plumbing to increase gimbal
angle in elevation

1k. Non-saturating AGC

W Ew o
L] » L[]

"

o= O

e
= O\0
. s 0w

D
.

PHASE V  Study to determine and assess realizable system improvements -
A. AI Radar
T. Missile
C. Vectoring
D. Tactics
PHASE VI Study of IR tie-in with the fire-control system
PHASE VII Performance capability of Sparrow III with an R seeker
PHASKVIII Sparrow IIT X performance capability

PHASE IX Repeat study Phimses I through Phase VI for the Sidewinder
1-B and 1-C
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curve for the combined head-on and tail-on runs was used. This contour
was then scaled to a B-U4T7 size target for the speed and altitude condi-
tions of interest using the method detailed in Reference 3.

Figure 2 gives a normalized radar reflective area curve. The scal-
ing ratlo used in going from Patuxent data to the B-UT size target was
5.3/1. The resulting detection range contours used are for 85% cumula-
tive probabllity of detection againet the B-47 size target. All contours
were obtained using s 10 db field degradation (expected degradation
between Patuxent usage and fleet usage}. To date this degradation factor
appears to be optimistic. However, it is believed that 10 db can be
approached during the use period of this equipment.

In deve.oring the detection range contours the following parameters
for the AN/APQ-T2 and AN/APQ-TlL raders were used.

Peak Power 200 kw

Dish Size 2u"

Noise Flgure 10.5 db

Receiver Bendwidth 4 meps

Search Area $0°%x8.5°" (spec value - to antenna beam center -
Freme Time 5 seconds 86 HOt Testricted by oW injection)
Scanning Rate 100 deg/sec

Pulsewidth 1.75% psec

PRF 550 pps

In addition to the above pavameters, the following radar paraneters
were used in development of attack zones which will be described later.

Time from detection to lock-on: 10 seconds
Gimbal angle limits of current APQ-72 & Th: I 41° az.
+ 47°
_ 380 el.

Figures 3-6 glve the 85% cumulative probability of detection ranges
versus aspect angle for a B-U7 size target for the altitude and speed

conditions listed in Table 2. “These curves were obtained from Reference 2.

In addition, Fig. 7 glves 85% cumuletive probability of detection ranges
versus aspect angle for a B-47 target at low altitude. These latte:
curves are based upon theoretical calculations and will be modifia=d when
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RATC, Patuxent test daia is made available. For this reason, work on
the 1000 ft. altitude cases of Table 2 has not yet been initiated.

Alrcraft Analyses

To date only the FiH-1 aircraft has beer included in the analy-
sis. Performance date on ihe FSU-3 have become availsble racently and
will be included in future analyses. The memorande of Appendices I, II,
III, IV of Volume II of this report describe the model aircraft (FLH-1)
used throughout the work detailed in the remainder of this report. The
material of these memoranda was obtained from voluminous McDonneli Air-
craf't Company data, has been reviewed by McDonnell, and is stated by
them to be representative of the aircraft to be used in the weapon system,

Misaile Analyses

The lateral and longitudinal equations describing the Sparrow III
missile trajectory in space during a coplanar attack are given in Appen-
dix ¥V of Volume II of this report. Much additional datae describing ihe
performance of Sparrow III has been obtained from Raytheon. Some of
this is included and given by Figs. 8 to 1b.

The interlock equations describing maximum and minimum aero-
dynamic ranges used in this study are as follows:

R + Ty (vc -vf) - Limited to 6.5 n.mi.

max l'(J.(h)
= >
Tl 1l sec when Vc Vf

Rl a f(h)

Rotn = Ro(n)

Ry = T(n)
T

+ 'I‘2Vc

o = 3.3 sec

Tl’ Rl’ and RQ as a function of altitude are given in Fig. 15.
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Flgure 16 gives the lock-on range performance of the current Sparrow
III seeker. This curve was obtained by scallng from data received from
MAMTC, Pt Muan to 8 B-W7 gize target, Thia acaling was done strletly
on a reflective area tasis; no velccity effects were considered. The
basic range quantity from which the curve was obtained was a measured
90% probadility of lock-on at 3.3 n.mi. i{n the head-on aspect against an
F2H target. The contour glven by Fig. 16 repreaents the computed 901-

probability of lock-cn fcr the seeker against the B-47 size target.

The precedihg scctions List some of the pertinent input data to this
study program. Addiiional data may be found in Reference k.

PHASE I - SYST.iMd PERVDMANCE UNDER IDEAL CONDITIONS - HORIZONTAL ATTACKS

Following the fornt previously described, the first case to be inves-
tigated is that of the horizontal attack under "ideal"” conditions.
Figure 17 gives & pilctourial representation of this ideal situation. The
target is assumed to be nonmaneuvering under attack during fair weather.
The interceptor ir agsumed to start on a perfectly vectored lead pursuit
course, Using the preceding input data, the effective attack zones for
the FUFi-1 Weapon System have been develaoped.

Attack Zones

The condition. listed on Table I describe the speed and altitude
cases of interest. Figure 18 shows the courcges flown by the interceptor
during a particular situation. Along these courses the interceptor head-
ing is shown by vectors. The curve overlays of the figures to follow are
only partially complete. The remaining work to be done will be described
in a later section.

Figuwes 1-24 ,;ive polar plots of the effective attack zones for
the Fil'-1 Weapon Sy:item under "ideal" conditions. For these examples the
inleorceptor was assumed to be flying at V at altitudes of' 30,000 and
50,. 0 feet with target to interceptor apggﬁ ratios of 1.0, 0.8, and 0.45,
The intercertor is placed on a perfectly vectored lead pursuit course.
The .arget is flying a straight line course as indicated by the arrow on
the bage line of the plote. For this phase of the study, the character-
isztics of the FAH-1 eaircraft were programmed on an IBM 704 computer.

The courses shown on the overlays actually represent the performance
capubility of this aireraft.
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The contours des ribing the effective attmck zones are curve A
(85% probability of AI detection range), curve B (AT lock-on range),
curve C (Sparrow IIT maximum aerodynamic range), curve D (Sparrow III
edenfruarsvn mamsmadarmmmd o anmmoa ) avsmanrn T ammmdand Tand Fasdbasm Ta-d W - oY
LA AL LAl O L \\'“J AACRML L N o w‘r|\- ', Wk VO A \\_UAAD [Ele T Yy V] b PO d S VWA AW A AV - l—’ ~), ’
curve F (90% probabilit, of Sparrow IIT seeker lock-on range), and
curve G (6.5 n.ml. range). It is assumed that 10 seconds 1s consumed

between AI detection and lock-on. It is believed that even for the

"13anl" smna 10 sonnnda alancad {ima 1o ranmiirad far hiogh nrahahi it
PRI SN Cil, 4\ SCCCOLL CLQpPied UINMG L0 ICQRLITC 00 dliga PIClWla.cay 3

of lock-on., The maximum and minimum aerodynamic contours are those re-
rulting from the interlock equations as defined by Raytheon.

The effective attack zones as given on these pouinr plots are
those bounded by the heavy line. The resulting complex contour 1is one
made up of segments of the other curve overlays. For example, in Fig. 19
the attack zone 1is bounded by seeker lock-on capability ’rom nose-on
around to approximately 70° off the nose. From this poin around to
tail-on the limiting parameter is the maximum serodynamic rruige of the
Sparrov III. The inner boundary curve 1is that gengrated by the minimuam
acrodynamic range frcy nose- on to approxigately 40~ off the nose; load
factor locl 3 from 40 off the nose to 10 off the tail, and minimum
aerodynamic range around to tail-on. It is important to note that even
for the perfect situation, time plays a mcjor role in the use of this
system in a forward hemisphere attack. In these overlays only 10 seconds
elapses between AI detection and lock-on. Since this is an idealized
case, the missile could be launched at this time. It is obvious that
vhen additional time is added because of system errors that exist at
AI lock-on, the reduction in forward hemisphere capability can be great.
For example, if 10 seconds is required to settle out errors at AI lock-
on & large portion of the forward hemisphere attack zone will be wiped
out. This will be discussed in more detail in later phases of the
study.

In one sense this type of curve overiay can be misleading. For
example, Fig. 19 implies around-the-clock capability. Thas is true or
not depending upon one's definition. If by around-the-clock ~apabi ity
it iz meant that attacks may terminate successfully at any clock aspect
then Fig. 19 indicates around-the-clock capability. Hewaver, it is
1m80rtunt to note that the limiting appsoach aspect is approxinately
67 off the target’'s nose. For this 67 case the interceptor is just
barely able to come into the maxigum interlock range for the missile.
For aspect angles greater than 67 the interceptor would fall behind
due to lack of a speed advantage.
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Figure 20 gives & polar plot of the case of an attack occurriag
at 30,000 feet altitude. The interceptor is flying at V___ and has a
speed advantage (V‘T/VF = 0.8). For this case (under the"&5sumed "idesl"
conditions ) the syStelm doez have around-the-clock capability. Attacks
initiated at any aspect angle with respect to the target can be converted
into & succeasful run. However, for attacks occurriug aft of the beam,
target penetration distance will be an important consideration. Due to
the low opecd sdvantage, consideravle time can elapse between initiation
ot ar attack and conversion to a successful launch. This 1is especially
true il the attack 1s started at long range. For exemple, attacks started
at the AT detection range, and 60° off the tail, approximately 28 n.mi,
peretration distence resuilts. An obvious indication is that CIC, fox
attacks aft of the beam, should attempt to vector the interceptor to &
polnt as close o the maximum interlock range as possible.

The attack zone of Fig. 20 is that bounded by the same limits as
those of Fig. 19. It is importart to note that prepsration time (aszsumed
to be only 10 seconds for this cr:c) plays & less important role in de-
termining the effective attack zone as the relstive closure rate is
redvced. Also, the limit imposed bty maximum load factor is reduced as
closure rate is reduced,

Figure 21 is a polar plot o” an sttack case occurring at 30,000
feet. Again the interceptor is flying at Vv but has an increased speed
advantage (V./V. = 0.45). As for tlie case ST Fig. 18, around-the-clock
capability e is%s for this situation. The effective attack zoyne is no
longer limited by the maximum losd factor contour. The inner limit.is now
solely that imposed by the minimum eserodynamic range of the missile.

Comparison of the three polar plots 1llustrate several very
important factors.

(1) Rven under "ideal" conditions, high speed enpagements result
in merginel forward hemisphore capebility. As additional time is added
to account for event that must occur under tactical conditions this
marginal forward hemisphere capability is wiped out.

{2) As the relative clesure rate is reduced the effects of time
forward hemlsphiere attacks is reduced. This resulis from increased
AI detection renge and the lesser distance traversed during the 10 sec-
onés frum AI detection to ATl lock-on.

Oii

10 CONFIDENTIAL

e v A



T e S N L e S S — . = . P e ——

IR R T

The poler plots of Figs. 22, 23, and 2 are siniinr . che yreviously
described three figures. However, the attack now oc.urs at 50,/ 70 feet.
The interceptor is flying at V_ (1940 fps) and the tiree f _rurss show
the resulting attack zones Ior*vm/v = 1.0, J.8, and 0.4y, Tae rosulting

limiting param=ters are essentia ly the same as those previoisly describved.

There is one mejor difference in he attack zones. In the . xwa'd hemi-
sphere the minimmu aerodynamic rai ze of the missile has been pushied out
resulting in & very narrow use zor . This results from the interlock
mechanization employed and the reduce¢d response of the missile at high
altitudes. The interlock equation for minimum areodynamic range is

R

min = Fo(n) * TV

h)
From Fig. 15 it 1s seen that going from 30,000 feet altituie to

50,000 feet changes R, frcu LooO feet to 8000 feet. Since T,V remains

approximately the same for the cases shown in Figs. 19 and 22, there
should be an increass of approximately 4000 feet in the minimum range.
Comparing these figures it is seen that his is the case.

In addition to the sttack zones described above, much zdditional wva.l.i-
able information relating to parameter variation can be obtaired from the
computer generated courses., For example, the variation in gimbal arg.e
18 the attack progresses is of extreme impertance to the fire control
designer. Knowledge of the antennas tracking rates is also very importa: ..

Figures 19a through 24k are plots of some of the more important pareme-ers.

On these plots the rarameters are defined as follows.
A = lvad angle in azimth
A = lead sagle in elevation
A = total lead angle in the plane of sciion

g = angle becween target velocity vector and -ze lLire ¢ s oot
ueasured from the nose or the tarcget

Y = angle between the target velo:ity vector and the i:ter-
ceptor velocity vector measured from the nose of the target

(] = engulax rate of the line of sigat in the elevation plane
of the entenna system
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a/k = angular rate of the line of sight in the azimuth plane
of the antenna system

L./W = laad factor

¢ = roll angle
Vf = gpeed of the i1nterceptor

a = angle of attack

The parameter plote in Fig. 19s through 19k come from the 30,000
feet altitude case shown in pelar form on Fig. 19. The plots on these
figures correspond to the approach courses of the polar plot and are
designated by T . On these courses A, B. C, and D correspond i3 the
maximm aerodynamic range of the missile (Rpax), “be minimum aerodynamic
range of the missile (Rmin), losd factor L/W = 3, and impact point for
missile fired at Rmip respectively. Figure 19a gives plots of Ag versus
range. For the cases of T = 90° and 120° the poinis A and B never
appear on the curve . Referring back to Fig. 19, it is seen that this
is as it should be since the interceptor wes never able to close to the
maximm aerodypamic range of the missile. For the case of lg = 60° the
interceptor wvas able to convexrt to a successful attack. However, as
shown on this plot he was never able to 2lose to Rmii. The 3g load factor
boundary was passed through twice. For this case the azimuth lead angle
varies from -27° at detection to -13% at the point where the 3g boundary
wvas first encountered. ¥For the case ofT; = 3()°, the 3g boundary wes
encounterad before was reached. For this case the azimuth lead
angle varied from -16" ut detection to -8.5° at the point where the 3g
boundary was encountered.

Plgure 19b gives plots of elevation lead angle (A,) versus range.
Ae shown in Fig. 19, the cases for'?; = 30° and 60° were the only ones
examined which could be converted. For the case of Ty = 30° the eleva-
tion gimbal angle varied from -6° at AT detection to -’:'.'3° at n. For
the ocsse of’?'a = 60° the elevation gimbel sngle varied frawm -157 at
detectlon to -35° at the point where the 3g contour was encountered. It
18 extremely important to note that for this case and succeeding high
snued cases (under "{deal" conditions) the -levation lead angle reqguired
apprcaches the gimbal angle limits of the current system (+1+?'°, -38
slevation’ This situation will get worse as onc deviates from the per-

fectly vectored gituation to one representative of the tactical situation. _
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Total lead angle (\) versus range 1s plotted on Fig. 19¢. These
curves show the combined effects of Fig. 19a and 19b., Figure 194 gives
the angle off the target's nose (V) as a function of range for the
various svproach courses. Figure 1Ge shows the heading angle (¢} ver-

gus range.

of perticular interest to the AI radar and fire control =jdtem de-
signers are the antennsa rates involved in the solution of the tactical
provlem. The azlmuth anterma rate (ay) versus range is shown on Fig. 19f
for the covrsea generated on the polar plot of Fig. 19. For the case
of T, = 307 the azimuth entenns rate varies from 0.27 deg/sec at AI de-
tection to 0.7 Aeg/sec at the point where the 3g comtour is encountered.
For the case of T, = 6G° the azimvth antenna rate varies from 0.43 deg/
se> at AX detection to 1.38 deg/sec at the point where the 3g contcur
is first encountered, On Fig. 19g the elevaticn entenna rate {a)
versus range 1s plotted. As would be expected from examination 0% the
rreceding figures, the elevation antenne rate is in general higher than
the azimuth antenne rate. For the case of T, = 30° the elevation an-
tenna rate varies from 0.1 deg/sec at detection to 1.7 deg/sec st the
point where the 3g contour is encountered.

Figure 19h gives load factor (L/W) versus wange. These curves illus-
trate the "g" build-up as the attack progresses. As was stated previously
v one of the limiting parameters in the overlays depicting the effective
attack zones is the locus of points described by L/W = 3g's.

Flgure 191 gives the variation in roll angle (¢) with range. As
can be seen from these plois, even for the perfect situation, roll
angles as high as 70° can be expected during the epproach course.
Figure 19j gives plots of interceptor velocity (Vf) as a function of
time. These curves illustrate the slow-down of the interceptor while
on the approach course. Figure 19k gives plots of angle of attack (a)
as & function of time. As can be seen from these curves.the angle of
attack tallds up quite rapidly.

The curves of Figs. 20a through 2bk give the seme parameter plots
for the polar plots of Figs. 20 through 2k.

Figures 25 through 30 give additional poiar plots of the effective
attack zones under "ideal" conditions. These attack zones are similar
to those described previously. The basic difference is that the inter-
ceptor is assumed to be at Vomyige 8t time of detection. The altitudes
and target speeds investigated are the same as those of Figs. 19 through
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24k, The lower interceptor speeds were chosen to study the possible system
improvement as & result of lower closing velocity. This results in greater
detection ranges and in reduced effects of preparation time (especially in
the forward hemishpere). This is illustrated by Fig. 25. Comparing this

to Fig. 19 shows thet the AI radar 854 probabiiity of detection has incressed
from 12.75 n.mi. head-on to 432,75 n.ni. and the 10 second lock-on point has
moved out 1% range from 6.5 n.mi. t0 9.1 n.mi. For the conditione of Figs.
25 through 30, AI lock-on range is no longer a limiting parsmeter.

The study of the cmses illustrated in Figs. 25 through 30 is not com-
pleted. 7The work to deie has assumed that the interceptor starts the
attack at Veruige 8nd continues 8t Veoruige throughout the engagement.
Examination of the overlays shows that only for one case does the inter-
ceptor have a apeed sdvantage {zee Fig. 27)., The next step in the analysis
will be to investigate the improvements realized by accelerating the inter-
ceptor toward Vmex after Al lock-on occurs. The overlays of this group of
figures have indicated the reglions where this would result in improved
capability. For example, Fig. 25 shows that the limiting approach course
is approximately 36° off the nose of tlLc target. It 1s thus of interest
to investigate the improvement realizable at greater angles by accelerat-
ing the interceptor,

Remaining Study

The 1000 feet altitude case has not been studied to date. Analysis
of this situation is awaiting low altitude radar detection performance data
from NRATC, Patuxent, to augment theoretical detection range calculations.

A study of the limits imposed by hydraulic oil to the wing servos
as & function of system nolse and control is being performed by NAMIC, Pt.
Mugu. The results of this study will supply an additional boundary to
plece on the tactical polar plots.

It is noted that in the tactical polar plote for interceptor
operation at Vaopyise, considerable atiack area is denied due to the speed
disadvantage. An investigation will e made of the effects of interceptor
acceleration toward Vmgx in these areas where attack is denied.

PHASE IT - SYSTEM CAPABILITIES FOR SRAP-UP ATTACK UNDER IDEAL CONDITIONS
The preceding sections have described, in part, the ldeal situation

for horizontal attacks. Because of the relatively short ranges of the
search radar from which vectoring information is derived (CIC or AEW)
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because of vectoring inaccuracies and because of the high speed &nd alti-
tude capability of expected turgets, 1t will not always be possible to

get the intercertor into a position for horizontal attack before the tar-
get aircraft has reached the release range of its own weapons. For this
reason it is ot importance to investigate *he feasibility of launching
Sparrow III from altitudes lower than that of the target (pull-up attacks).
The following sections will describe the results of the analysis conducted

to date.

Conditions

The
(a)
(v)
(c)
(a)

(e)
(£)

(&)
(n)
(1)
(3)
(k)

—
fn
—

(m)
(n)

following conditions are used in Phase II of the study program.
Alreraft characteristics - FiH, FEU-3

Target altitudes - 30,000, 50,000, and 65,000 feet

Interceptor altitudes - as capable from below

Reflective area - B-U7 size target, assumed the same as for
co-altitude case

Velocities - interceptor velocity at altitude, vﬁax and
vcruise

Target to interceptor speed ratios for interceptor at

v - 0.45, 0.8, 1.0. Resulting target speeds from above

L
af%g used for interceptor at vcruise

Perfect vectoring

Straight line flight path (targ=t)

Current AT detection capability - 35¢ probability
Time from detection to lock-on - 10 seconds
Seeker capability - current Sparrow III

[V .

Missile aerodynsmics - current Sparrow III
Gimbal angle limitations of current AN/APQ-72 redar - =+ b1°
azimuth, +47°, -38° elevation

Interceptor restricted to 3g pullup or CI
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In addition to the foregoing conditions, a limiting criterla for
success was that it is necessary to reduce the heading error of the
interceptor to within = 10° of a lead pursuil course within the missile
Rpax t© Rpin zone. This 10° limitation is not based upon firm data,
but rather on estimates made by the prime contractor. Currently, Pt.
Mugd i conducting enalyses to determine the validity of this nw ber.
The results of the anmlyses will be used in thils study prog:ram e . soon
as they become available. Anotker limitirng criteria used in the pull-
up study phase and throughoul the remaining, :iudy program is that LW
must be greater than 0.5 g's. This figurn is based upon stebility re-
quireme nt data obtained from the alreraft contractors.

Figure 31 gives & pictorinl representation of the "ideal" snap-up
attack. As atated previously and shown on this drawing, the target is
nonmaneuvering. All attacks occur about a ver ical plane through the
target and interceptor with no vectoring inaccuracy superimposed. The
study tu date has only considered the head-on attack case.

Attack Zones

Figure 32 shows an actual space plot of one of the courses
generated durirg the snap-up investigation. For this course the target
wvas flying at 50,000 feet. The interceptor's initial altitude from
which the pull-up Is star 2d is 20,000 feet. The target’'s velocity is

Tp = 874 ft/sec and the Iinterceptor is initially flying at Vp = 874 ft/sec
which corresponds to Vopyige. The cases for Veruige in the pull-up study

differ from the preceding analysis of the Vopryige for horizontal attack
in that the interceptor has meximum re-heat applied at detection and
accelerates toward Vpgx. For this space plot the interceptor starts his
pull-up at 30 seconds after detection of the target. It is interesting
to note the extreme flight path angles that occur during the run.

Figures 33 tanrough 38 give, in effect, tally sheets for the re-
sults of the snap-up studies to date. These figures give plots of
fighter sltitude from which the attack initiated versus pull-up delay
after detection and indicates for esach run whether it was a success or
failure along with the reasons for failure when this oceurs. Two plots
are given on each sheet. One of thege is for the interceptor at Vpgx
at the time of AI detection and the other is for Voryige 8gainst a tar-
get at the speed and altitude conditions given at

The symbols on each ¢f the tally sheets are:

dhlm domen mdS ool vam o
LT VWY UL Taldl _VGEC-
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Q ~ Unsuccessful attack
X - launch error = 0O
® - Launch error £ 10°

Figure 33 glves the results of pull-up attacks against a Mach 2.0 target
flying at 65,000 feei. The left hand side of this figure shows the resuits
for the case vhere the interceptor is flying at Vpax at the time of AI radar
detection. Referring tc this figure it is scen that with the lnterceptor
flying at 45,00. feet and the pull-up starting at zero time (instant of AI
drtection), the run was a fallure because t.e minimum error {epj, = 16°)
exceeded the maximum assumel launching error. When the attack was started
from 55,000 feet and the pull-up initiated at time = O, the run was a suc-
cess (launch error = 0). When the pull-up was initiated at 5 seconds after
dete :tion, the run was a marginal success (emin = 9°). When the pull-up
wvas initisted at 10 s:conds the run was a fallure because the minimwn launch
error was too large {emin = 23°). From th se results, the usable leunch zope
can be approximated as shown by the dotted line on this Tigure. Eowever, if
the same criterla 1s appl!:d as was applied to the co-altitude attack; namely
that 10 seconds 18 required between AI radar detection and lock-on and if it
{a assumed “hat pull-up could not be initiated before lock-on {this is a
valid assumption for the current state of the art in vectorimg) there is no
usable attack zone. This can be shown by drawing a vertical line through
the altitude region of interest at time = 10 seconds.

The right half of Fig. 33 shows the result of starting the same prob-
lem with the interceptor flying at Vg = Mach 0.9 at the time of AI radar
detection and then accelerating toward Vpgyx. For these conditions we
have no capabllity because for all of the cases examined the launch error
vas greater than 10°.

The plots of Fig. 34 give the results of snap-up attacks against a
Mach 0.9 target flying at 65,000 feet. The left hand side of this figure
agaln gives the results of runs for the Interceptor flying at Vpax at the
time of AI radar detection. For the cases of pull-up starting at time
zero at 35,000, 45,000, and 55,000 feet, the runs were successful becev.e
the launch error was zero. When the pull-up started at 5 seconds the
35,000 ft. run was marginally successful since the launch error >eached
a minimm of 9.8°. For the case of the run starting at 45,000 feet and
the pull-up beginning at 5 seconds, & success occurred with the launch
error reaching zero degrees. Waen the pull-ups started at 10 seconds,
failures occurred at 35,000 and 45,000 feet with minimum launch errors
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of 350 and 14" respectively. A successful run occurred for time equal

to 10 seconds and 55,000 feet altitude with the launch error reaching
geroc. For the case of an attack starting with the interceptor at 55,000
feet and pull-up beginning at 15 seconds aft r Al radar detection, the run
was & Tallure because the minimum launch error was 12°. The effective
attack zone for this ideal conditlon can then be drawn in as shown by

the solid lines. The inner boundary 1s determined by the 10 second re-
quirement from AI radar detectlon to lock-on, the upper boundary by the
altitude limit of the interceptor for stable flight {59,000 fest) and

the outer limit by the runs described above. Thus it 1s seen that even
for a relatively slow target (Mach 0.9), the effactive attack zone result-
ing from the ideal situation 1is essentially nil.

The plot on the right side of Fig. 34 gives the results of starting
the interceptor at Mech 0.9 against the same target (Msck 0.9 at 65,000
feet). Ag shown, all runs were fallures. For the case of intercepts
initiated at 35,000 feet, four fallures resulted. When the pull-up was
initiated at 10 and 20 seconds after Al rndar detection, the minimum
launch erroxrs were below the maximum allowable but an unstable condition
on the part of the interceptor was reached (L/qu 0.5 g's). For the case
of pull-up sterting at time = 25 seconds, the run was a failure because
the minimum launch error ( 18° ) exceeded the maximum allowable (10°).
Looking next at intercepts starting from 45,000 feet it is seen that all
runs were failures. When the pull-upr started at zero time the run was a
failure because the minimum launch error (18°) was excessive., For a pull-
up attack starting at 10 seconds the minimum launch error (9°) was mar-
ginal but the elevation gimbal limit wes exceeded (Ae>> 47 ). When the
pull-up was initiated at 20 seconds, the run failed because of excessive
launch errors (emin = 18°).

The plots of Fig. 35 glve the results of pull-up attacks against a
Mach 2.0 target at 50,000 feet. Beginning with this figure, the remain-
ing cases will be under conditions where the interceptor could make a
co-altitude attack if properly placed. Thus the uprer boundary in each
case will be that of a co-altitude attack with the outermost point on
the usable zones representing the minimum aerodynamic range of the missile,
The group of points plotted on the left of Flg. 35 give the results of
pull-up attacks against a Mach 2.0 target flying at 50,000 feet with the
interceptor flying at Mach 2.0. When the pull-ups were iritiated at zero

time & failure occurred at 30,000 feet because the minimum error {ewin =

'21°) exceeded the maximum allowatle, A success occurred at 40,000 feet

with the minimum launch error reaching zerc., When the pull-up was
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initiated at 5 seconds, a marginal success resulted with the error reing
reduced tu 9°. Thus the usable zone can be drawn as shown by the solid
1ines. To make a succenaaful pull-up attack, the interceptor must be at
45,000 feet or higher against a Mach 2.0 target at 50,000 feet. The

right hand plot of Fiz. 35 is for the same target condition tut ihe in.
terceptor has been slowed down to Mach 0.9 at AI radar detection. When
the attack was initiated from 30,000 feet a& failur~ occurred for a pull-up
started at zero time because¢ the gimbal angle was exceeded (ke = - 30 2)
and a failure uccurred at 10 geconds beca se the maximur allcsable launch
error was excecded (epin = 17”). When the ~ttack was initiated from
40,000 feet & pureccessful run occurred at zero time, a marginally success-
ful run oceurred for pull-up starting at 10 seconds (epin = 9°), and a
fallure occurred when the pull-up storted at 15 seconds (emin = 21°).

Thus the usable zone can be drawn as shown bty the solid lines. The inuesr
boundaxy is a vertical line drawn at 10 seconds. The upper boundary is
that of a co-altitude attack with the outer limiting point belag ungin
(23.5 seconds) and the outer limiting curve resulting from the pull-up
runs.

It 1s next of interest to investigate the resulcs of pull.up attacks
against a slower target (Mach 0.9) at the same altitude as that of the
preceding figure (50,000 ft.). These results are shown on Fig. 36. The
left hand plot shows the results of a Mach 2.0 interceptor attacking
this target. Successful runs cccurred at 20,000, 30,000, end 40,000 ft.
altitude for pull-.ups initlated at zero time. Successful runs also
occurred at 20,000 and 30,000 feet altitude for attucks initiated at
S seconds. When the pull-up was started at 10 secounds after AT detection,
failures occurred for runs initiated at 20,000, and 30.000 feet with the
minimum launch errors being excessive (emin = 23° and 13°). A successful
run occurred at 40,000 feet when the pull-up was initiated at 10 seconds,
but a failure occurred when the pull-up was delayed to 15 seconds (Emin =
llo). The usatle zone that results 1s that given by the solid lines with
the inner boundsry being the vertical 10 seconds line the upper boundary
being that of a co-altitude attack limited by Kmin (2. 5 seconds) and the
outer limiting line resulting from the pull-up courses. It is interesting
to compare this plot with the right hand plot of Fig. 35. The horizuntal
span of the usable zones are essentially the same since the closure rates
are the same. Hcwever, the vertical spans are quite different. This
i1ilustrates the penalty peld by reducing interceptor speed and then trying
to accelerate during the pull-up attack.

When both the interceptor and target are slowed and the target is
in a region from which a co-altitude attack can result, the improvement
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in usable zore for the "ideal' situation is quite marked. This is shown
by the right hand plot of Fig. 36. Here the fighter has been slowed to
Mach 0.9 and is attacking a Marh 0.9 terget flying at 50,000 feet. The

successful ruus ave &1l shown by X's. PFallures occurred as followa:

Pull-up at zexo time Irom 10,000 feet - L/W < 0.5g
Pull-up at 10 seconds from 10,000 feet - L/W < .%g
Pull-up at 30 seconds from .0,000 feet - L/W £ 0.5g
Pull-up &t 30 seconds from 30,000 Teet - epy = 18°
Pull-up at 35 seconds from 40,000 feet - epqn = 20°

As shown, a relatively large usable zone results for these speed cases
under "Lceal" conditions. The zone is bound again by the vertical 10 sec~
ond line, horizontal co-altitude line extending to Rpi, at Ul seconds and
the lower curve resulting from the actual pull-up runs. The remalning
cuses studied to date are those of a target at 30.000 feet. Figure 37
shows the results of runs against a Mach 2.0 target at this altitude. The
left hand plot shows the results of runs made by the fighter at Vi,
or Mach 2.0 at time of AI detection. Unsuccessful runs occurred for attacks
started at zero time and sea level (Ae = -67°), at 10,000 feet altitude
and 5 seconds (emin = 24,5°) and at 20,000 feet altitude and 5 seconds
(emin = 22°). The useful attack zone is bound by the solid line.

The right hand plot shows the results of runs against this target with
the interceptor flying at Mach 0.9. For this case, successful runs
occurred at zero time and 10 seconds for runs initiated from 2¢,000 feet.
Failures occurred at zero time and 10 seconds for runs initiated from
10,000 feet {Ag = -42° at zero time and emin = 29° at 10 seconds). A
feilure algo occurred at 15 seconds for runs inltiated from 20,000 feet
(emin = 27 ). The resulting usable zone is shown by the solid line and
is bound by the vertical line at 10 seconds, the horizontal line for co-
altitude attacks extending to Ryip (24.5 seconds) and the line resulting
from the pull-up attacks.

The left hand plot of Fig. 38 gives the results of pull-up attacks
againat a Mach 0.9 target at 30,000 feet, The interceptor is flying at
Vmax or Mach 2.0. Fallures occurred at 106000 feet and 20,000 feet be-
cause the launch errors were too large {3° and 20°). 4 failure also
occurzed for a run started at 25 seconds and at esea level ( -L/W). The
solid line gives the usable attack zone. The righl hund plot shows the
results of puil-up attacks agsinst a Mach 0.9 target at 30,000 feet with
the interceptor's initial velocity at Mach 0.9. The solid curve gives
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the resulting usable zone. Thig is bound by the vertical 10 second line,
the horizontal co-altitude line extending to Rpin (42 aeconds), a8 hori-

zontal line at sea level, and the outer boundary resulting from the pull-up

attacks. As seen, ;nilure~ goourred at 20 seconds 10r O and 10,00C feet ‘
{
|

because an unstable condition on the part of the interceptor was oencoun-
tered (-I/W). Also a failure occurred at 20,000 feet (emin = 33°).

The pictorial space plot of Fig. 32 shows the actual flight condition
of the interceptor during one of the pull-up runs, This displays the
gctual min from which the point shown at 30 seconds and 20,000 feet alti- i
tude on the right hand plot of Fig. 36 was cbtained. Figures 39 through
49 give additional polar plots of runs from which other of the preceding
described points were obtained in the snap-up study. On each of the
curves the following code 1s used, ‘

+  Start of pall-up i
-» Start of leed pursuit J
2 Rmin
X Impact J
!

.e Can‘

Some of the more pertinen® poiris rfrom these figures are as follows.
Figure 39 shows two succesgsful wuns; one starting at zero time and the
other at 1C seconds. It is sesn from tiese curves and from the perti-.
nent data of the table that the criteria of being within the Rpgyx to
Rpip zone without having cxcessive error was satisfied, that the maxi-
mum gimbal angle was not exceeded, that no unstable condition on the
part of the interceptor was enccuntered, and that excessive flight path
angle was not encountered. Thase two curves are represented as two
points on Fig. 34. The curves of Fig. 42 correspond to two points on
the right hand plot of Fig. 34. As described previocusly these two runs
vere fallures becsuse the interceptor encountered an unstable condition.

The curve of Fig. 41 norrespcnds to a point on Fig. 35. This curve
represents a aucceasful run. However, it is included as an example hire
to show arother problem that the interceptor encounters; namely the

CI boundary. Refairing to the curve, it is seen that between zero
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time and the beginuing of tue lead pursuit course and between Rya, and
Rgin the interceptor is riding the Cppax boundary. Figure 42 glves
successful runs which corresponds tc points on Fig. 36 snd further
1{llustrates riding the Cpnax boundary.

On Fig. 43, pull-up courses from an initial fighter altitude of
20,000 feet and starting at 10, 20, 25, and 30 seconds &re shown.
These correspond to pointe on Fig., 36. Of primary importance are the
courses starting at 25 and 30 seconds. Note the flight path angles
(104.3° and 157.8° respectively, interceptor on lts back).

Pigure Ui givee curves which correspond to additional points on
Fig. 36. The important polnts brought out by these are: for the
curve starting at zero time and at 10 seconds, L/W < O.5g is encoun-
tered; for the curve starting at 25 seconds, the flight path angle is
getting very large (128.70). For the curve that starts at zero time
note the interceptor slow down that is encountered (from 873 ft/aec
at detection to 323 ft/sec at missile impact). Figure 45 shows two
successful runs which correspond to points in Fig. 37.

On Fig. 46 courses are generated which correspond to points on
Fig. 38. The course starting at 30 seconds illustrates one of the
boundaries that was encounteredi(L/W.£.0.5g). In addition 1t-is imgor-
tant to note the extreme flight path angle encountered (178°). These
two factors are again illustrated on Fig. 47 where the curves corres-
pond to additional points on Fig. 38. For the course starting at 30
seconds, L/W . 0.5g was encountered and excessive flight path angles
occurred (162°).

Figure 48 and 49 give additional curves which correspond to fail-
ures. The curve of Fig. 48 corresponds to a point on Fig. 37. As
seen from the Table, the gimbal angle (-67.3°) exceeded that available
(-38°). The curve of Fig. U9 corresponds to & point on Fig. 36. On
this course an unstable condition was encountered (L/W < 0.5g) and the
gimbal angle (-139.3°) exceeded the available (-38°).

Remaining Study

The rreceding section described the results of the pull-up
gtudies for the "ideal" situation. This study 1s not complete. Re-
maining items that will be included in the program are:

1. Extension of the analysis to include the F8U-3 aircraft.
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2. Consideration of the limits imposed by wing servo hydraulic
supply.

Tnveatigation of Tiem 1 above 1s currenily underway and will be in-
cluded in the results in the near future. Item 2 is under study at
Pt. Mugu. As soon as data are available, curve overlaye will be added
to the existing zones. Noise data supplied by NRL (Fig. -0) and agree-
able to Reytheon are belng used,

PHASE III - F4H-FOU WEAPON CONTROL SYSTEMS FERFORMANCE URDER EXPECTED
TACTICAL COMPITIONS . -

The preceding sections have described the study program to date for
an "ideal" situation. The results given represent the best that one
would hope to achieve, with & high probability of success, when certain
gsources of error are neglected. It is now of interest to look at the
degradation resulting from a more realistic tactical situation. The
degrading factors to be considered in the current study program are:

l. Vectoring inaccuracy

2. Target maneuver

3. Weather

L, Countermeasures against the airborne weapons system
5. Limits imposed by interceptor tactics

a) climb capability
b) endurance
c) dead time

Degradation Caused by Vectoring Imaccuracy

One of the primary degrading factors that has to be investiigated
is that of vectoring inaccuracy. This inaccuracy is cu.rregtly estinated
as 1 S8igma = - 3 n.mi. in azimuth, * 3 n.mi. in range and - 1 n.mi, in
altitude. This estimate is a composite figure based upon many conferences
with personnel of Ravy CIC, Air Force GCI, Training Centers, and the
designers of vectoring data gathering and information transfer equipments.
It is hoped that during the time history og this system that the azimuth
and range inaccuracles will be reduced to - 2 n.mi.

Perhaps the principal effect of vectoring insccuracy is in its
contribution to system settling time. In the preceding "ideal" situations
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10 seconds were allotted as the time reguixad to go from detection to
lock-on. In the co-altitude attacks for the “1deal" si:iuation, no
additional time was charged to settling out errors after lock-on,
slonce it was assumed Lhat Uhe lnlerceptor wks on s correat course, Ir
vectoring ineccuracies are added, however, additional time will be re-
quired after lock-on to settle out errors. It is true that in the
pull-up attacks under ideal conditions errors did exist at detection
and the interceptor has to settle these out during the run. However,
in this case everything occurred in one plane, As vectoring inaccu-
racies are added, additional time will also be required to solve the
pull-up attack problem.

To date, the analysis of effects of vectoring inaccuracy on system
gettling time is only partially complete. For the purposes of this
study the work has been broken into two parts; (1) events occurring
after lock.on, and (2) conversion from vectoring inaccuracy at detec-
tion to angalar heading inaccuracy at lock-on., The work to date con-
sistes of a partial analysis of the effects of vectoring inaccuracy
during a co-altitude attack.

For purposcs of the current study program, an approximation of
actual system settling time is sufficient. Thus several simplifying
agssumptions have bheen made., Referring back to the co-altitude attack
poliar plots (example Fig. 19) the regions of interest and assumptions
made fcir inveatigation of tlese regions can be explained. For example,
analysis based upon the assumption that lock-on occurs at constant
ranges of 5, 10, and 15 n.mi. would yield results fror which the actual
lock-ou curve could be approximsted. As the speed conditions change and
as the improvements, which are described later, are added the regions
over which each of these constant lock-on ranges apply will also change.
Thus it is very important that all of these cases be studied. With this
in mind, the following conditione will be astudied in the settling time
analysis.

(1) lock-on occurring at constant ranges - R, = 5,10,15 n.mi.

(2) Target to interceptor speed ratios - vE/vr w 1.0 and 0.8
(V& * Vnax)

(3) Altitudes of interest - 30,000 feet and 50,000 feet
(4) FUE and P8U-3 characteristics
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Appendix VI of Volume Il of this report describes the work accomplished
to late (very preliuinary). The basic assumptions used are included in this
report. The investigeation is being conducted using a cockpit simulator tied
into & REBAC. 1In this simulation the actual performance is that of the FLE-1
aircraft., The pressntation to the pilot is that of the currently proposed
AN/APQ-TQ radar. The major item of difference from actual conditions (eside
from psychological factors) is that of "g" forces on the pilot. Pilots
using the simulator were in fact jet pilots and they were instructed not
to pull more than 3 g's. Those cases where 3 g's were exceeded will be de-

leted from the final analysis.

Fxamination of Appepdix VI will clearly illustrate that the analysis
is not complete, The results obtained are, in general, better than one
would expect under tactical conditions. For example, Page 18 of Appendix
VI shows that on most xuns 3 g's were exceeded, thus raducing the settling
time which would actuslly be realized under tactical conditions. In addi-
tion, the case of lock-on occwring at 5 n.mi. has not been exmmired. Omly
the cases f Rg = 10 and 15 n.mi. Lave received preliminsry examination.
Agaln optimistic settling times result. This in effect reduces the Aaiffi-
culty of the problem to bs solved by the pilot-interceptor combination and
is inconsistent with the performance of current AI radars, especially in
attacks forward of 60° off the nose of the targe: (where Ry w 5 n.mi.
would apply). Under Part 1 of the settling time study only one speed con-
dition has been examined to date (V¥ = Vp = Mach 1.91). This corresponds
t0 Vmax for the FUH at 30,000 teet. AI lock-on was assumed to occur, &s
stated previouely, at 10 and 15 n.mi., Under Part 2 of the settling time
study only one speed condition has been considered to date, nenmely V§f =
Tmax &t 50,000 feet altitude, Unfortunately the speed and altitude con-
ditions of Parts 1 and 2 differ. However, the speeds involved are very
nearly equal (1897 ft/sec ana 1940 rt/aecs. Thus preliminary conclusions
can be drawn.

From the above discussion it is obvioue that much additional work is
required to firmly establish system settling time. As stated previously
the results are very optimistic as far as the performance of the current
system is concerned, Even with these optimistic results the situation
is extremely poor and should therefors be reportad on at this time. As
more complete results are obtained, the data vn system performsance will
be modified.

Figure 51 gives a pictoriﬁl representation of Part 1 of the settling

time study. At lock-on the interceptor is essumed to have an angular
error (ep) of 10, 20, or 30° at various angles off the nose of the
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target. (7} ). These angles epresent the angle at which the interceptor
reached the lock-on range. (he cases studied were for Te equal to 20,
40, 60 and 90 degrees (init.sl starting angles).

Figure 52 shows a sample of the settling time courses plottesd in
Appendix VI, This figure shows the results of runs started at a lock-
on range of 10 n.mi. and at an initial angle of 73 = 60°. These runs
do represent a completed phase of the study since the lock-on range
assumed is consistent with current AI radar performance and the pilot
(Somerville) did stay within the 3g criteria (approximately). On esch
of the four graphs presented, radial error versus settling time is
plotted, The upper left hand plot represents the case when it is assumed
that the interceptor has to stey within a certain error for 3 seconds
befory the pilot-computer combination is able to tell that the error has
bean raduced to & point where the missile could be launched. All curves
on this plot are for 85% settling time which means that the pilot was
able to stay within a certain error for 3 seconds on 85% of the runs.
Referring to the plot it is seen that if the initial error at lock-on
38 30° then 14 seconds is required to settle the error to 10° (assumed
required) and hold it for 3 seconds on 85% of the runs. If the initial
error is 20° then 8 seconds is required to reduce the error to 10°, The
lower left hand plot gives the results if the 3 seconds criteria is
changed to 6 seconds. The two plots on the right hand side of Pig. 52
are for median settling times. ’

As stated previously the investigation of Part 2 of the settling
time study (conversion from vectoring inaccuracy at detection to angular
heading inaccuracy at lock-on) has only considered one speed condition -
Vp = Vpax for 5C,000 feet. TFigure 53 gives a pictorial representation
of this part of the settling time study. It is assumed that the inter-
ceptor is vectored on a pure collision course and continues on this pure
collision course to lock-or (believed to be realistic for present opera-
tional conditions). The vectoring errors are normally distributed about
this pure collieion course (constant relative bearing line) with a 1 Sigma
value of - 3 n.mi. Courses are generated from this normal distribution
and straight lines are flown to lock-on.

Some of the results under Part 2 of the settling time study are shown
on Fig. Sh. The initial angle off the targets nose (T, ) is 60°. The
coordinates of this figure are cumulative percentage of interceptions
versus heading error in degrees at lock-on. The lock-on range is sssumed
to be 15 n.mi. While this lock-on range ie optimistic, the results will
serve to indicate the magnitude of heading errors expected. Mne point
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is plotted on the VT/VF = 1.0 curve for purposes of lllustration. For
this point, 30% of the runs bhad hesding errors of 23° or less. For the
case of Vp/Vp = 1, a heading error of 30° or greater occurred on 47%
of the runs. For the case of Vin/Vp= 0.8, 2L% of the runs had heading
errors in excess of 30°. To be' consistent with the study requirements
these curves will be extended to include 85%-90% region.

) When the settling time study is completed (all appropriate values
of Ro, heading errors, altitudes and speeds of interest and sufficient
samples of each.are included) it will be possible to combine the results
of the two parts of tkhe study program and predict settling times which
are rapresentative of the times one will encounter under tactical con-
ditions. However, it will still be necessary to relate these settling
times to realistic values of allowable launch errors. This is being
@upported by analysis &t NAMIC, Pt. Mugu where migs distance simulations
are undervay to determine the lsunch errors which can be tolerated and
still achieve and allowable miss. These two study efforts will be tied
together so that realistic values repressntative of the total system
settling time can be placed on the attack sone overlays.

Probability of Successful Arrival to Missile Launch

While the settling time study is not sufficiently complete to
include results in the overall analysis, it is of importance to proceed,
using approximpatians:., in the computation of probability of success
under tactical conditionas. These computations will bs modified at a
later date when firm data is available.

Pigure 55 gives a plctorial representatica of the model used to
determine probability of successful conversion to missile launch. In
this model the interceptor is assumed to have been directed on i pure
collision course. A normal distribution of AI radar lock-on probabtility
is assumed with the 85% probability point consistent with tlLe calculated
values giveg previously. A normal distribution of vectoring inaccuracy
(1 8igma = = 3 n.mi.) is assumedl to occur along a line perpendiculsar to
the pure collision course (relative bearing line). Courses are then
generated through the resulting probability zone with the interceptoer
flying straight lines parallel to the correct pure collision course at
the center of the distridbution. At lock-on the interceptor is placed
on & constant L/W =3g turn. This is the point in the anelysis where
actual settling time values are needed. Without these the results are
optimistic since no reaction or evaluation time is charged to the pilot.
The criteria for success are that the launching error can be reduced
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to 10° before Fain im reached and that the gimbal angle required does
not exceed that evailable during the lock-on to Rmin interval. The
analysis was accomplished through programming on an IBM computer.

Figure 56 illustrates some of the results obtained to date. On
this figure three approach aspects (T,= 0°,30°, and 60°) have been in-
vestigated, PFor these approach aspects three speed conditions have
bsen ilnvestigated (Vq/Vp = 1.0, 0.8, 0.45) where Vp = Mach 2 at 30,000
feet. For each of the approach aspects the heading angle () gasociated
is given., The pimbal limite are the sama as used previously; - 41° in
azimuth, 7°, -38° in elevation. The coordinates of the resulting
grcup of curvss are probability of successful arrival to missile launch
in percent versus interceptor relative angle off the ta-get's nose in

degrees. The geometry is illustrated by the sketch at the bottom of
this figure.

¥or VF = Vp « Mach 2.0 in the head-on case, the probability of suc-
cessful arrival to missile launch is 46%. Under the same conditions
except that initial position of interceptor relative to the target's
nose is 30°, this probability is 524 but drops to zero when initial
position relative %o the target ir 60°. At 60° the gimbal angle required
exceeds the capability of the radar, therefore the target cannot be seen
by the radar. Algo the interceptor will be in a position, determined by
the vectoring inaccuracy, frca which he cannot convert to a successful
attack since he bhas no speed advantage. Referring to the curve for
Vp/Vp = 0.8 i1t is seen that the probability of success for the head-on
case is 48%. When the interceptor approaches from 30° the probability
1s increased to 82%. Beyord 30° the grobability of success drops off
rapidly and is back down to 50% at 60” off the target's nose. The
primary reason for the marked drop-off in probability is gimbal angle
limitation. When the target's speed is reduced as illustrated on the
curve representative of Vp/Vp = 0.45, the probability of success is 69%
for To= O, 868 for T, = 30°, and 85% for T, = 60°. This later curve
represents vhet is perhaps an acceptable performance from the aystem
wvhen only the degrading effects of vectoring inaccuracy and gimbal angle
limits are considered. Unfortunately, this corresponds to todays tactical
situation. It is expacted that the target of interest to this system
will yield results lying in the Vp/Vp= 0.8 to 1.0 region. For these
spead conditions it is orvious that the system 1is in difficulty except in
very restricted zones (30° aspect for Vq/Vp = 0.8).

Pigura 57 gives the results of the investigatlon to determine the
effect of interceptor slow-down tc VeruigeOn probability of success. It
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can be sesn from the resulting curvea that the probability of success is
increased for the head-on case only. For other aspect angles the proba-
bility is reduced bacause af the increansd peanalty paid hy lack of spesd
advantage.

Degradation Caused by Other Tactical Conditions

The preceding section detailed an investigation (preliminary) of
the effects of two degrading factors on probability of succeesiul sttack;
namely vectoring inaccuracy, and gimbal limits. The effec‘s of several
other degrading factors will be included in the final study results.
These are as follows:

1. Effects of torgst maneuver - this is currently under investi-
gation and will be repurted in the near future.

2. Effects of westher and clutter - to date the effects of weather
and clutter on the performance of the Al radar and missile seeker have
not bsen included. However, much of these data are in hand and will be
included in the final study. For example, Fig. 7 shows calculated low
altitude performance of the AI radar. These curves will be verified
by findings of teetm conducted at NATC, Patuxent, and the results incor-
porated in the study. Figures 58, 59, and 60 show the effects of rain
on the current Al rsdar detection performance., Thic information wvill be
supplemented by work performed at NAMIC, Pt. Mugu.

3. Effects of countermessures - basic work on this phase of the
study has been reported in NRL Reports 4720, 4785, and L9ho. The results
of these basic studies will be applied to this study program.

4. Limits imposed by interceptor tactics including climb ceps-
bility, endurence, and dead time. These factors are currently under
investigation,

Remaining Study

Seversl of the items which are included under this category have
been mentioned above. These, along with additional study effert, are
listed below.

1. Extonsion of system settling time study to include all of the

applicable conditions related to the current tactical situation. These
include examination of courses starting at lock-on ranges related to
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hedd-on ¢Ase, larger initlal errors at lock-on,additional altitude and
speed conditions.

2. Extension of the settling time study to include FOU-3 performance.

3. Extraction of results from the settling study based upon
sllowable launch errors obtained from PL. Mugu.

k. Inclusion of these results in the probability of success
analysis.

5. Analysis of the effects of other degrading factors such as
weatber, clutter, countermeasures, and interceptor capabilities (climb,
endurance and dead time).

6. Introduction of additional thrust to go from Veruise 1© Vmax
in the problem areas studied.
T. Inclusion of effects of missile hydraulic limitationr.

PHASE IV - SYSTEM PERFORMANCE UNDER EXPECTED TACTICAL CONDITIONS WITH
ADDITION OF CURRENTLY PROPOSED IMPROVEMENTS -

The study to date has indicated that improvement in subeystem perfor-
mance is needed if successful missile launches at an acrepiable prodae-
pility level are to be achieved. For example, Fig. 56 shows that when
the only degrading factors considered are those of vectoring inaccuracy
and gimbal angle limits, the resulting probability of success is, in
general, unacceptable. When additional degrading factors are considered,
it is predictable that these probabilities will be reduced even further,
It is thus very important to investigate regions of pcssible improvement
to the subsystem elements in order that overall system taztical use capa~
bility can be improved, The following details some of the areas of im-
provement to AI radar performance which acve been investigated to date.

AN/APQ-T2 & T4 Improvements in Fair Weather

Falr weather improvements considered for the AN/APR-T2 & Th radars
in this study to date are automatic alarm, search volame opiimization,
bandwidth switching, bright dlsplay. improved receiver .rystals aad tri-
angle vectoring. The latter item is not an improvement to the radar
per se, but rather an improvemert to the vectoring prise of the problem
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which will result in better detection range performance of the AI radar,
and improved capability in converting from a detecticn to successful
missile launch. The aforementioned fair weather improvements are dis-
cussed in Westinghouse Air Arm Analytical Section Technical Memo No. 176
which is included as Appendix VII to this report. Detailed information
is given in this Appendix. The pertinent factors are briefly reviewed
in the following sections.

"Automatic Alarm" was considered as a possible improvement because
+he AN/APQ-S0 radar has demonstrated capahility of tracking signals that
human operator could not see on the scope and thus could not detect, A
method discussed in Appendix VII was investigated to determine whether
or not this capability could be utilized to provide increased detection
range performance by the sound of an alarm when the radar received sig-
nals too weak for an operator to see. It was concluded that such a scheme
could lead to improved range performance in a clutter-free environment.
Ro improvement can be expected in the presence of clutter due to the
sounding of too many false alarms, Therefore "Automatic Alarm" has been
ruled out as an improvement because various sources of clutter are ever
present in the detection problem.

Search volume optimization has been studied berause it is known that
the volume of space looked at by the AI radar today is not ideal for
target detection. The probability of detecting a target is the product
" of two probabilities.

(1) the probability that the target is in the area scanned

(2) the probability of detection of a target within the scanned
area

To optimize the search area, the area scanned should include only the
area of target uncertainty. The area scanned should not be too large
because increased frame time and reduced hits per scan will cause a
reduction in detection range. Appendix VII gives a more detailed dis-
cussion of this item. The area searched is a direct function of vector-
ing accuracy and therefore any scheme that results in smaller vectoring
errors will permit & smaller sesrch area. A smaller search area will
rasult in longer detection ranges. The resulting improvement in AI
radar detection performance from increased efficiency of volume search
along with other improvements are shown on Fig. 61, which is a summation
of results of the study detailed in Appendix VII. The contours of Pig. 61
are smoothed contours with data actually calculated at every 30°. This
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smoothing is unimportant since the degree of improvement is the factor
wvhich will be used in later study effort. The coordinates of the graph
of Fig. 61 are range in nautical miles versus sepect angle in degraes
relative to the nose. The detection range contour labeled (2) in

Pig. 61 shows the improvement gained by a reduction of the search area
alone to 33.6° x 11.8°,

!
H

This search nraa is not optimum in terms of detection range perfor-
mance alone. However, when a balance between range performance and
mechanization difficulty is achieved this search area is approximately
correct. Referring to curve (2) of Fig. 61 and using curve (1) as the
reference point (head-on case) it is seen that approximately 10% im-
provement in AI detection range performance is achieved at the 85%
probability level with this reduction in search area.

Bandwidth awitching for the search mode was considered because a
narrover IF bandwidth results in a decrease of noise power. Bandwidth
reduction from the present 4 meps to 1.12 mcps in search was studied
and it is concluded that this will yleld a net improvement of approxi-

mately 164 in detection rangs at the 85% probability level as shown
in Fig. 61 (curve (4)).

A bright display is still undar study, and while no definite con-
clusions can be drawn at this time concerning the actual amount of
detection improvement to be realized, it is estimated that 12% increase
in range capability will result if current trends in other areas such
as malntenance, reliability, and complexity are continued. However,
latent (but lost) in the basic equipment are many db of theoretical
range performance. This loss is caused by a "high resistance" coanec-
tion between the equipment and the operator. If some of the lost db
can be recovered, the effects of bright display may well be much more
pronounced than the estimated 124,

Resulting Effects of Tmprovements on Attack Zones

Means of achieving improved system performance has been dis-
cussed in the preceding section. It is btelieved that all of the
improvements analyzed in this section can go in during the time schedule
of this equipment. In addition, it is believed that the vectoring
inaccuracy in azimuth and range can be reduced from ¥ 3n.mi. to - 2 n.mi.
Figures 62 and 63 show the effects, as a function of aspect angle, on

system performance of including the improveaents discussed.
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Pigure 62 shows the results of ixproving AI detection napability. In
this figure it is assumed that the current AX detection performance is
that given for Vp = 1940 £t/sec at 50,000 feet altitude (12-13 n.mi.).
The current gimdal angle coverage is used (I 110 az; +479, -38° e1.),

The vectoring inaccuracy is that currently availadble (1 8igma = 3 n.mi.
in szimuth and range). The interceptor is at the same altitude as the
target (co-altitude attack). The coordinates of the graph are probability
of successful arrival to missile launch in percent versus range increment
improvements in nautical miles with O representing the current range per-
formance. Three speed conditions are examinsd (Vp/Vp = 1, 0.8, and 0.45
where Vp = 1940 ft/sec). Three approach sspect angles (1) have been
omh.z. gorcrring to the left hand side of Pig. &2, it is seen that
for Tow 60° and for Vp/Vp = 1, no increase in system probability results
a8 the range is increased upward to that previously predicted for the
realisable improvements. This is due to the fact that detection range

{s not the limiting perameter for this approach aspect. The limiting
parsmeters are Jointly interceptor-pilot capability, and gimbal angle
limits. Por Vo= 20° there is a marked improvement as rangs is increased.
The probability of success increases from 52% for the current situation
to ximately T2§.for range incrsases predicted in the preceding sec-
tion (6.8 n.mi.). If 8 n.mi. range improvement cean be realized the pro-
bability of success would be increased to 73%. For the case of T = 0°
the improvement is more obvious. Here the primary limiting factor is

AI letection range performance, As shovn the range improvement predicted

(6.8 n.mt.) result in improved system probability from that currently

avallable (L6%] to 82%.

Referring next to the center of Fig. 62, the improvements relultins
from detection increase for Vq/Vp = 0.8 are shown. Again, for Tg = 60
there is no improvement in probability of success since the limiting
paraneters are other than detection range. For T = 30° the probability
of success increases from 82§ for the curreat situation to 9% when the
range is increased 8 n.mi. For T3 = 0° the probability of success is
increased from that currently available (uef)’ to 99% as the range is
increased to 8 n.mi.

The right hend plot of Pig. 62 gives the results of range improvement
on :.'}ie egle of v-r/v; = 0.45. Here the most startling improvement occurs
at 7o =0~,

Figure 63 illustrates the effect of vectoring inaccuracy improvement

on the probability of successful arrival to missile launch. As stated
previcusly, it is hoped that the ventoring inaccuracy wiil be reduced
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ta 22 n.mi. for the 1 Sigas valus in range snd asimuth. Vith this in mind,
it is important to investigate the resulting effects on system usefulness.
The itions now are the u$ as originally with the antenns gimbel limits
egain = 41° 1n aztwuth and +47°, -38% in elevation and the 854 probability of
detection in the 12-13 n.mi. region. Referring to the left hand side of Pig.
63 1t is seen that for Vp/Vp= 1 and Vp = 1940 ft/sec that for T5 = 60° there
is no improvemant in probability of success. As stated previocusly the limi-
tations for this case are primrilyointerecgtor-pnut capability and gimbal
angle limits. PFor the cases T, = 0 and 30° there is a large improvement.
For To = 0°, & 3 n.mi. vectoring inaccurscy results in & probadility of sue-
cers of 4GS, This is improved to 60% vhen the iuccurtcg is reduced to

2 n.mai. A corresponding improvement results for T, = 307,

Referring to the center of Fig. 63, the case of Vp/Vp = 0.8 where
Vp = 1940 ft/sec is shown. As for the previous situation, there is no
ixprovement for the condition vhere 7% = 60°. For To = 30°, the probability
of success is improved from that currently available (82%) 4o 91% when the
vectoring inaccuracy is reduced to 2 n.mi. For the case of T, = 0° the im-
provemsnt is from that currently available (48%) to 71%. The right hand
side of Pig. 63 1llustrates the case of Vp/Vp = 0.45.

Flgure 64 gives the results of amalysis to date of increased girdal
angle limits. The basic situation is :I.dgntiul to those of the previous
tvo figures., Assuming that currently a ~ 4O%(approximetely) box is covered
by antenns gimbals, the effect of improving these limits are shown. For
example, vhen Vp/Vp = 1 Yp = pho ft/sec (as shown on the left plot)
and 7 = 60° going from = 40% to I 57° (believed to be approximately maxi-
mam which can be m}ixed) » & probability of success improvement of 19.5%
results. If a full = 60° could be realized the igprovement would be b1f.
Por the case of Ty = §O° going from -~ 40° to I 57" results in 10 improve-
ment. If a full - 60° would be realiszed the improvemant would ve 16%. Por
the case of +‘T'. = Q% {here is no improvement when gimbal angle limits are
varied for - 40° to = 60° because detection range and vectoring inaccurscy
are the senpitive parameters in this region.

For the case of Vp = 1940 ft/sec and Vn/Vp = 0.8 there is no improve-
ment for runs originating from X = 0. The reason is the same as given
above. The case of Yo = 60° has not been completed but the trend is
evident. T% = 30° has not been examined yet.

When the speed ratio is reduced to vs/vy = 0.45 there 1is no improve-
ment for the cases of T¢ = 0 and Ti =30Y. The case of T, = 60° has not
been included, but it is predictable that it will not be influenced by

gimbal angle changes.
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It is believed that all of the improvement investigated regarding
AI radar renge performance can be incorporated in the system in the
time interval available for system development. Referring back to
Fig. 61, it is seen that each of these improvements separately buys
very little. All of the improvements listed on this figure are needed.
It 1s hoped that the improvement in vectoring inaccuracy discussed above
vill materialize during this same time interval but actual system per-
formance estimates should not be predicated upon this hope. The gimbal
angle coversge increase investigated is certainly desirable. However,
the extent of this increase must be balanced with state of the art capa-
bility and other system requirements such as increase dish size to get
additional range needed especially in the forward hemisphere.

ji
!

Figure 65 gives the resulting probability of success curves for
| : the case vhere the 85% probability of detection has geen increased to
! 19 n.mi. and the gimbal angle coversge increased to - 57° (estimated
maximum possible). The method of presentation is the same as that of
Pig. 56. The lower curve, shown with a dashed line, was taken from
Fig. 56 and is for the case of 85% probabili'iy of detection occurring
at 12-13 n.mi. and gimbal angle coverage of - 41° azimuth and +47°,-36°
in elevation. Comparing this to the solid curve resulting from the new
detection ranges and gimbal limits for Ve/Vy = 1, a major improvement is
apparent. For example, when g = O the improvement is from that currently
. available (46%) to T75% probability of success. When 7o = 30° the improve-
ment is from that currently available (52%) to 89% probability of success.
When 7o = 60° the improvement is from that currently availsble (0%) to
8% probability of success. The other two curves on Fig. 65 are approxi-
mations. Sincs the 19 n.mi. was achieved for Vp/Vp = 1 head-on, it is
obvious that this range will be larger for Vm/Vp = 0.8 and 0.45, The
error in range is approximately 10% fri the case of Vq/Vp = 0.45. However,
its effect is minor in nature, with the most pronounced error occurring
for To= 0. The trends are obvious from examination of Fig. 65S.
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It is obvious from examination of the preceding figure that it ia
. desirable to increase system performance above that available with all
of the improvement investigated to this point. It is important to remem-
’ ber that to this point only a few of the degrading factors present in
§ the tactical situation have been examined. When more of these are con-
sidered, the coverall system performance wil) be reduced even further,

- This is especially true for head-on, high-speed attacks. PFigures 66

1 through 68 detail the effects on the improved system probability of suc-
cess of varying some of the sensitive parsmeters. It can be shown; very
simply, that for the high-speed intercept and forward hemisphere cases,
(particularly in a cone of - 45° off target's nose), range is the most
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sensitive parameter. Figure 66 shows the resu:ts of increasing range on
probability of successful arrival to missile launch vhen the basic system
{s one which contains all of the preceding improvements (Re5ééa 19 n.mi.
antenna gimbals - 57°). Referring to the laft side of Fig. (vp/vp = 1,
Vr « 1940 ft/sec) it 1s seen that for Tp = O and 30° the effect of increas-

ing the 19 n.ml. range resulting from the discussed improvemonts to 27 a.mi.

is approximately 20%. It is important to recoguize that this is a reglon .
vhere increased performance is very important. For the case of Vw/Vp = 0.8
the improvemsrt of adding 8 additional miles Jdetection range varies from
15% (from a probabi ity of 84% to » probability of 99%) for T, = 0 to 8%
{from a probahility of 92% to a probability of 100%) for T = 30°. When
Vip/Vp = 0.45 there is essentially no improvement resuluing from increased
Al detection range.

Figure 67 shows the results of improving vectoring accurscy vhen the
detection angle 1s 19 n.mi. and the gimbal limits sre = 57° (maximum
believed available). For the high-speed case Vp/Vp = 1 and T, = O the
improvement resulting from reducing the vectoring inaccuracy to 2 n.mi.
1s 12% (from a probability of T6% to a probability of 88%). When ‘T3 = 30°
the improvement is 5% (from & probability of 89% to a provabiiity of Sus).
When T, = & the improvement is 3% (from a probability of 8% to & proda-
bility of 11%). When the target speed is reduced to Vp/Vp = 0.8 the
improvement varies from 9% (from a probability of 84% to a probability of
93%) for T¢ = 0 to 3% (from a probability of 91% to & probability of 9i$)
vhen To = 30°. When Vp/Vy = 0.45 there is essentially no improvement
resulting from improving vectoring insccuracy.

Piguce 68 gives the results of increasing the gimbal angle coverage.
The rggion of interest is that of increasing the gimbal angle coverage
from - 57° up. The curves on this figure show the effects of going
from 57° to 67°. However, these results are academic in nature since
gimbal angles much in excess of 57° will be extremely difficult to
achieve,

Remaining Study Elements

The preceding sections have shown, in preliminary form, the results
of incorporating certain improvements upon system probability of success,
In addition, the sensitivity of the resulting system performance to varia-
tion of several parameters has been demonstrated. All of the improvement
study findings thus far presented have assumed a clear weather, counter-
messures-free environment. Additional "iwmprovement” items intended to
increase system performance under clutter, weather, and countermeasure
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conditions will be investigated, Some of the "improvements" to be avalu-
ated are as follows:

(1) Bffects of polarization switching in a foul weather envircm-
ment: come of the study effort on thLis parameter has bean completed.
Plgures 69 through 7.1 give tie theoretical renge performance resulting
from the use of circular pclarization., Cuuparing these results with
the performance curves given previously for vertic..l polarizatiom, it is
concluded that circular polerizatior would be superior ouly undes high
altitude conditions with rain at the target. Praciical r~alization of
circular polarization is technically difficult. It is relatively sssy
to produce circular polarigation under laboratory :chdisions. Huwever,
to propagate circularly polarized wvaves through the waveguide, antenna,
and redomes complex is quite difficult. It is belleved that no advantage
can currently be realired Ly going to circuler polarization.

(2) Investigstion of system performance improvenent through the
use of a larger AI redar antenna: the calculation of range performance
improvement resulting from the use of a large dish is straightforvard
and can be incorporated in this study program in the near future.
However, in the two systems of interest, a balance between dish size
and gimbal angle coverage based upon ¢ptimum overall system performance
and mechanical feasibility should be reached before design effort toward
the end antenna system is finalized. The achievement of this balance is
based ypon relatively complex analysis and cennot be predicted at this

point in the study progren.

(3) Situation .isplay to enhance overall system performance: it
is believed that & sit.ation display, similar to the Triangle Bystem,

is essential if the desired ultimate use capability of the system is to be

approached, While the availability of the Triangle System for use in

the time era of interest is questionable at this date, every effort should

be exerted tovard the development of this or a more optimum situation
display.

(4) Antijam features for the AI redar: the use of backbies
techniques, automatic homing on jamming, brosdbanding, Jjittered PRF,
high-altitude feed, improved AFC and nonsaturating AGC are under inves-
tigation. The results of NRL analyses of thease features have bheen
reported to the Bureau of Asronsautics (NRL Report 4949).

(5) Antijam features for the Bparrow III seeker: NRL has inves-
tigated AJ features for this sseker. The resuits of this investigation
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have been reported to BUAER (NRL Report 4720) and will be included in
this etudy.

(6) Relocation of CW injection plumbing: several scheues have
been proposed for relocating the CW injection components. These scheames
are, in effect, an effort to allow the use of & larger dish concurrently
with larger gimbal angle covermge. These schemes will be studied and
the resulting effects upon system performance included,

PHASE V - STUDY TO DETERMINE AND ASSESS REALIZABIE IMPROVENENTS

As this study continues, NRL and Westinghouse Analytical Section
will investigate the feasibility (both technical and time-wise) of in-
corporating those items wvhich result in important improvement of asystem
performance. Action recommendations will then be made to the Bureau.
This is a continuing process and will not necessarily wait for the
presentation of a final report. To date, the following proposed actions
can be recoumsnded as a result of the preli.minary analysis which has
been presented.

(1) The incorporation of optimized search ares, bright dispiay
(enhanced operstor envircnment), aud bandwidth switching can be schieved
during the time available for the development of this system. Clollec- .
tively they represent a major improvemsnt in system performance.

(2) While the exmct availability date for a situstion display
such as the Triangle System is not predictable at the present time,
concerted effort should ba diracted towards its development. The incor-
poration of such a display will represent a major iumprovement in overall
system performance capability.

(3) While the analysis to date has indicated that additional
range above that realized from Ttems (1) and (2) above is very desireble,
the incorporation of such items as & large:x dish should be delayed until:
sufficient analysis is completed either under this &. 4y progrem or by
the fire control contractor (preferably by the contractor) to allow

arrival at sn optimum balance between dish size and gimbal angle coverage.

PHASE VI - STUDY OF IR TIE-IN FOR Al FIRE CONTROL SYSTEMS

Up to this point in the atudy program, the analysis method has
been first to investigste the performance resulting from the use of
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available equipments and then to indicate po3sible improvemsnts. To
date the undefined stata of the TR capahility in tha AT fire aontwnl
system is such thet this procedure cannot be followed. In lieu of
this nmethod the Navy atudy will first establish deficient areas of the
primary fire control system. An investigation will then be made to
deternine if such secondary items as TR can help in these deficient

areas,

PHASE VII - REPEAT STUDY PHASE I-VI FOR SPARROW ITI WITH IR SEEKER
To date, NRL has insufficient information on the Sparrow III IR

seeker. This phase is a contractunl item of the study program. Analy-
sis will comaonce as soon as information is supplied by the contractor.

PHASE VIII - REPERAT STUDY FEASE® I-VI FOR SIDEWINDER

This phase is a contractusl item of the study program. A memorandum
(81dewinder I and IA Desaription, Westinghouse Technioal Memo 220) has
been prepared. This memorandum is currently being reviewed for accuracy
by NOTS., In additiorn, NOTS is supplying estimates on the performance

of Sidewinder IC. As soon as these dats are in hand, analysis will
sommence .

INPORTAFT SYOSTEM FEQUIRRMENTS NOT CONTRACTUALLY COVERED
As any study program progresses, many nev aress of importance are
brought to light. This is true of the current study. The contract as
it now exists will not cover rany of these items. Among these are:
o. Breakaway and illumination requirements.
b. Interceptor recovery (doctrine) after launch.
c. Sparrov IT head for Sparrow ITI missile.
In addition, certain phasas of the study should be extended,
a. Additional approach angles about the target should be studied

in the snap-up phase. This study will only consider the head-on case
with and without vectoring inaccuracy.
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b. More detailed study of {tems where data is not currently avail-
able should be considered.

The Eaval Resesarch laborstory strongly recommends that the current
study program be extended %o cover the above items or that s nevw study

’ ’ program be initiated to cover them.
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CONCLIJSIONS AND RECOMMENDATIONS

roduotion

The data presented in this study summary is only partially complete.
There are many areas vhere much work remains to be done before all phases
of the study can be tied together in an examct fashion. Bven though the

study is only partially complste, inferences can ba drawn wvhich will be
useful in

(1) formulation of the basic rystem configuration
(2) development of a situation display
(3) formulation of tacticml dootrine guide lines

(k) revision of operational concept for usage of secondary
missile seskers

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

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

(7) starting immediate sction on Items 1-6 above in order
that useful attainment of oporational requirement objec-
tives can be achieved

As is evident from the material presented in this report, and from
conferences with BUAER and participating contractors, findings of the
curreat Javy Study Program are vital to the managemsnt of a tactically
useful FhHE-1 and F&U-3 Woapon System. Factors contributing importantly
to the validity of this study include its techinical directiun by the
Favy and ita use of Mavy approved inputs.

Detailed Recommendations and Conclusions

1. The preliminery resuits of the study indicate that for co-altitude
high-speed attacks under "ideal" comditions with Vo/Vp = 1 the inturceptor
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must start its approach from forwvard of 70° off the target's nose
3f 1t ir to get into & position to launch a missile.

2. It can Ye easily shown from the study results that when additionaml ‘
tize is added for systems preparation (currently estimated as 27 seconds :
to*'u.l ) wost of this forwerd 70° zone will de eliminated. In the case of
E = 1 for attacks cccurring at 30,000 and 50,000 feet, approximately
T gone (from €C° to T0° off the target's nose) would remain.

3. When Vp/Vy is reduced to 0.8, attacks can originate from around the
cloc for ideal conditions. Hmvcr, vhen the total system uttling time
is consideied, it can be shown that approximately the forward 60° is
esiminated from the usable attack zone.

k. When the interceptor is slowed dowa to Vyoruige 044itional time is
available for forward hemisphere attack. However, vhen the target is a
high speed one, the »pproach aspect is even more restricted. For sxample,
vhen the target 1s flying ut Mach 2.0 at 30,000 feet the interceptor must
approech from forwerd of 40 off its nose.

5. When the target speed is Mach 2.0 and the imterceptor speed is Mach 2.0
or Vpax 80l pull-up attacks are employed under ideal conditions, succees-
ful engagements are restricted %o 7,000 feet altitude differential for
targets flying et 30,000 feet altitude and higher. No capability exists for
targets flying at 65,000 feet altitude.

6. When the tairget speed is reduced to Mach 0.9 and the interceptor is
flying at Mach 2.0 or Vpax, successful engagements are restricted to
altitude differentials of 17,000 feet or less for targets flying at
50,000 feet altitude or higher. When the target altitude is 30,000 feet
or less, suucessful pull-up engagements can occur from sea level to co-
altitude. .

7. ¥or the cases where the interceptor is slowed down to Mach O. 9 at
the start of pull-up, no capability exists for pull-up attacks against
either & Mach 2.0 or Mach 0.9 target at altitudes of 65,000 feet or
higher.

" 8. For the pull-up attacks at 50,000 feet or less, a greater altitude
differential capability exists when the interceptor is slowed down to
Mach 0.9 than for thc cases where Vp = Mach 2.0. With the target flying
at 50,000 feet (VT = Mach 2.0), this altitude differential is 10,000 feet.
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9. The probability of successful attack vhen limited by some of the de-
greding factors such as gimbal angle and vectoring inaccuracies have
been in part investigated. When the interceptor is flying at Mach 2.0
in a co-altitude attack and Vp/Vp= 1, the probability of successful
arrival to missile launch for the nose-on case is 4L&% and for 30° off

‘the target's nose is 528. At 60° off the target's nose, the probability

goss to szerc because of the interceptor's inability to get into position
and because of gimbel angle limits.

10, When Vir/Vp is reduced to 0.3 and the engagement occurs st co-altitude,
the probability of successful arrival to missile launch is increased to
488 for nose-on, to 82§ et 30° cff the target's nose, end to 50% at &0°
off the target's nose. :

il. When the imterceptor is slowed dowa to Mach 0.9 the head-on proba-
bility of success goes up but falls off rapidly as the aspect angle
from vhich the ongagement starts moves toward the besm. For the case
of Vo/Vp = 1.7, the probability of successful arrival to missile launch
is 71% for nose-on and zero at 3o° off the target's nose.

12. Although many of the degrading factors which will be encountered
under realistic tactical conditions have nct been included in the study
to #ate the results can be inferred. It is predictable that the indi-
cuted probability of success values given in Items 9 thru 11 will te
reduced markedly.

13. Thus far in the study progrea the resulting improvement from ths use
of & bright display, bandwidth switchirg, and optimized search ares
have been investigated. The result is an increasc iz AI detection range

from 12.7 n.mi. to 19 n.mi. for a Mach 2.0 interceptor attacking & Mech
2.0 target hesd-on.

14. The improvement factor given in thiz report for a bright display

is an engineering estimate of that which could result by brightening
the current presentation. Thetes are many other "lest" db's whieh couid
Le recoversd through a program of system analysis having as its objec-
tive an cptimization of the pilot's environment. This program would
include the prossibility of such ‘tems as an MRL type bright display,
situation displey and genersl cockpit optimization.

15. When the improvement factors of Iteﬂ 13 are inciuded and vhen the
antenna gimbal 1limits are increased to - 57° in azimcth anc elevation

43
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thers is & marked improvement in probability of successful arrival to
aissile lsunch, For example, when Vp = Mach 2.0 and Vq/Vp = 1.0 there
is an improvement in probability of success of approximately 30% for
head-on attacks resulting in a value of 75%.

16. It is believed that the improvements of Item 13 could be incorporated
in the system during the time era of interest. The Laboratory would
strongly recommend that the Bureau direct the contractors to proceed
toward this end.

17. The resulta of the study program infer that a situation di~play is
& necesaity if a tactically useful system is to resuli, This situstion
displey is important because it can provide data from vhich the pilot
can start an intercept prior to AI radar detection, (Enclosure 1).

18. A preliminary study of the senaitivity of probability of sucesdss
.to AT radar range and gimbal angle limits has been mae, The result is

- that in some areas, especially nose-on, the probabiiity of success is

very sensitive to range. In other areas, especially 60° oft the nose
of the target afi, the probability of success is very sensitive to gimbal

angle limits. It is obvious that these features are interdependent. Thus

A compromise in mechanization (for example large dish versus gimbal angle
coverage) which can resuli in an approach to maximum overall use capa-

bility must be reached before design effort can be specified, (Enclosure 3).

19. The findings of this study could and should be applied in the system
design effort being conducted by the various contractors. To this end,
the study results and details should be made available to the principal
contractors. The impact of this is directly related to the importance
of defining the long lead time system elements.

20. The underfined developmental state of IR for the fire control system
is such that no current system can be realistically analyzed in terms of
i1ts potential contribution to overall system performance. Test informa-
tion taken under controlled conditions would provide information needed
by this study program in order to investigate system deficlencies to
determine the applicability of secondary systems, (Enclosure 2).

21. Analysis of system performance resulting from use of the Sparrow III
IR Seeker will begin as soon as sufficient data is supplied by the con-
tractor. To date the information available to NRL is not adequats to
warrant an analysis.
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22, Results of incorporstion of the Sidewinder missile in the system
will be investigated. PFcrthcoming study effort will be initially based
upon estimates of missile performance, since design of the Sidewinder Ic
will not be frosen during the remaining study interval.

£23. In order to continue on an uninterru; ted basia, 1t is important at
this time for the Bureau of Asronmsutics to progrenm an extension to con-
tract NOas 57-6634 under the administrative cogniszance of the Bureau of
Asronautics AV-3122 end under the technical direction of the Equipment
Research Branch, Code 5360, NRL. As detailed in the report, there are

" important areas vhere timely coverage will not occur in the current

study progran. In addition thezre are problem areas vhich should be
investigated but because of the limited scope of the current program will
not be investigated.

2h. The laboratory will forward to the Bureau, under separate cover, a
recommended extended study prograa.
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The data presented in this report represents the results,
to date, of the Navy's Air-to-Air Missile Study Progran.
The analyticsl results including those from which the
figures were derived are the results of the computa-
ticnal work undervay at Westinghouse Alr Ara Divieion.
The authors would like to thank the Analytical Sectinm
of this divigion for their major contridbution to this
report, and in particular would like to thank Messers

R. Clenton, J. Buchan, C. Baida, and B. Van Hook. Im
addition the authors would like to thank P. Waterman,

L. Gilchrist, and W. Hodgson for their assistance ia the

preparation of this report.
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LIJT OF HORIZONTAL ATTACK STUDY CASES 1
CASE ALTITUDE vn.ocmmxn' on m miﬁ“&“gm RATIO z
(fest) (teet/sec) (teet/nec) ¢
|
SORN 50,000 1940 1940 1.0 i
SOMN 50,000 1940 1552 0.8 :
SORL 50,000 1940 813 0.45
3010 2,000 1897 1897 1.0
0N 30,000 1897 1518 0.8
30ML 30,000 1897 a5k 0.b5
1HH 1,000 1169 1189 1.0
1HM 1,000 1189 951 0.8
1AL 1,000 1169 533 0.khs
S0LHE 50,000 873 1940
50LM 50,000 873 1552
50LL 50,000 873 am
3oL 30,000 89k 1897
30IM 30,000 8ol 1518
30LL 30,000 8ok 854
1LH 1,000 556 1189
UM 1,000 556 951
UL 1,000 556 533
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