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Experimental Type A

KINGFISHER

(SWOD Mark 15 Airtrame)
Mounted on wing of PB4Y~2
for test flight




PREFACE

This is the first quarterly progrsss report on
Project KINGFISIIER. Previous progress reports
were issued first weekly and later monthly up
through October 1946, In this firsat quarterly
report, an over-=all swmary of progress from
the beginning of the program to December 31,
1948, has been included.

Reference in the following report to previous
or more detalled reports is made by supersoript
numerals, the number corresponding to the list-
ing in the Bibliography.
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I. INTRODUCTION

The KINGFISHER is a radar-oontrolled, subsonio, self-homing, sirborne
guided missile designed to deliver an explosive charge below the waterline
against floating targets. It is intended that KINGFISHER be released from
an aircraft well beyond the range of conventional entimircraft fire origi- ‘
nating at the target. The KINGFISHER, in turn, will release a torpedo at
some distance short of the target.

Projeot KINGFISIIER is an outgrowth of the PELICAN and BAT Projeots,
which were carried on,during the war, at the National Bureau of Standards
under the sponsorship of the National Defense Researoh Committee and the
Bureau of Ordnance, Navy Department. First design consideration was given
to KINGFISHER in September 1944, when the Bureau of QOrdnance requested
that o homing glide missile be developed oapable of cerrying an aircraft
torpedc as payload, designed to enter the water short of the target, oom-
pleting its run under water. However, very little was dons at that time
because of the need for concentration of efforts on the BAT development, .

In November 1946, the Nuvy Department transferred cognizanoe of the

BAT to the Bureau of Aeronautics but retained oognisance of KINGFISIUER in
the Bureau of Ordnance. The If,I.T. fleld experiment station which had
worked on the electronic part of the development of PELICAN and BAT was no
longer available for continuation of the work. At this time, the National
Bureau of Standards was requasted to undertake the over-all development of
KINGFISHER. The organizational setup at NBS for Project KINGFISHER is
shown in Figure 1.

At prosent, five KINGFISHER type missiles have been prescribed for
development:

Type A: SWOL Mark 11

To be a gravity-driven vehicle having a 20-mile
range, launched from an aircraft at high altitude;
total weight of unit to be about 3,000 pounds, in-
cluding the payload, a Mark 21 acoustic homing
torpedo .

Type B: To be a gravity~driven vehiole having a 20-mile
range, launched from an alrcraflt at high altitude;
total walight of unit to be about 1,000 pounds, in-
oluding the payload, a 360-pound non-powered non-
homing bomb-torpedo similar to the German BT.
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Type C: To be a power-driven missile having & 20-mile
range when lsunched from an aircraft at low alti-
tude; total weight of the unit to be about 4,000
pounds, including the payload, a power-driven
homing torpedo having a 350-pound warheed charge.

Type D: To be a power-driven missile having a 20-mile
range when launched from an aircraft at low alti-
tude; total weight of the unit to be about 3,000
pounds, including the payload, a light-weight
powsr-driven homing torpedo (yet to be developed)
having a 200- to 400-pound warhead charge.

Type B: To bs a power-driven missile having a 10- to
20-mile range when lsunched from a surface ship;
total weight of the unit to be about 3,000 pounds,
inoluding the deep-diving homing torpedo now in
the rasearch stage.

Although all five types are being given consideration, initial dﬂ.lfp-
nent is concentrated on Type A, with appreciable parallel work on Type B. 22,3
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I1. 8TATUS OF DEVELOPMENT

A. AIRFRAME

First design consideration for an airframe for KINGFISHER was for a
glide missile capable of carrying e standurd lark 13 aircraft torpedo. The
use of thie payloed presented several requirements that combined to compli-
oate the design of an airframe with vadar homing intelligence. Since the
torpedo is more than twice as long &8s & G.P. bomb of oomparable weight,
problems of adequate airframe rigidity for an allowable weight are somewhat
more diffioult than for BAT. Also, the payload has to be released bafore
water entry. :

Aerodynamically, the necessity »f having the electronic homing intelli-
geance ahead of this long payload impused problems of adequate stability to
oope with the large longitudinal moment of inertia. Then, t00, the required
water satry sttitude made it desirable to incorporate the merodynamic oontrol
system already in use on the BAT glide bomb. This system has the advantage
of producing large changes in the value of the 1if+t vector with small ohange
in the angle of attack.

Since the first work on KINGFISHER was done as a low-priority phase of
the BAT Projeot, it was deemed advisable to mdapt ws many oomponent parts of
the BAT airframe as fsasible. This would not only facilitate manufacture by
the use of existing forms and jipgs, but also beof value in service beoause
of interochangeability. Consideration. therefore, was given to the idea of
modifying the existing 2,000-pound BAT airframe (S7OD Mark 14) by redesign-
ing the body to accommodate a roleasable torpedo payload. However, upon
some enalysis, it was found that for adequate structural stability, the body
would be excessively heavy and bulky with the obvious disadvantage of
handling in service. It was conoluded, therefore, that it would be advanta-
geous to attach the main supporting wings and the stabilizing empennage
directly to the torpedo. With this in mind, an arrangsment was devised that
made use of the existing Mark 14 BAT wings with simple pin attachments to a
oentral frame whioh, in turn., was strappea to the torpedo near its center
of gravity. This central frame formed a superstructure in which were housed
the batteries, the servo, and some of ths eleotronio equipment. The straps
that held this assembly to the torpedo terminated at m stendard l4-inch
bomb shaokle, thue allcwing release of the wings by some electriocal initia-
tor prior to water entry. At the same time, the nose and tail essemblies
oould be detached by means of a cable release latch.

A 1/6-scale model of this desizn was made and tested in a wind tunnel
at NBS. The results of these tests showed acceptable performance character-
istios. Five fullesoale KINGFISHER airframes were then ordered from the
Vidal Researoh Corporation, which had awvailable the molds and jigs for the
BA? airframes. Two of these airframes were assembled on dummy Mark 13
torpedoes and prepared for flight test. The decalage (angle between the
ohord of the wing and the horizontal tail surfmos) was set at 2,5%, whioh
was the best adjustment from wind tunnel tests of the model. These units

e
<
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were equipped with a relemse mechanism for shedding the nose, wing and tail
assemblies after 30 seconds of flight. These unita contained ro homing
equipment but were roll-stabilized, using the standard oontrol gyro S¥OD
Mark 6 and servo SWOD ierk © lod O.

The firat unit (Flizht K-9, June 11. :946) was launched at 18C knote
from an altitude of 4.000 feet. It desconnded st an angle of about 34° to
the horizontal. Stabilitation in roll wus obtained. Lut with a larger roll
hunt amplitude than is normal with the BAT missile  The missile bit the
ground before the relesse mechaniam ned tima to operata. The second unit
(Flight K~10) was launched at Z0Q kmots from an altitude of 6.200 feet. It
deacended at e plide angle of 26° to the horizontal making a steady flight
The release mechanism operated succassfully at 30 seconds at an altitude of
about 1,000 feet. The results cf these teets were considered sw'ticiently
satinfactory to allow use of this airframe (dssignated as SWOD Mark 15) a»
an intsrim test vehicle for future development of new radar homing eguip-
nment, Figure 2 shows a photogreph of the Wark 15 KINGFISHER airframe.

To this end. a contract was let to Camden Eastern Marine Company to
build 19 additional piywood airframes using the lark 14 BAT wings then on
hand. Later, another contract was iet tc the Goodyear Aircraft Company to
reproduce this airframs in metal becauso this material lends itself to
quantity prodiction  Also, service experience with the BAT airframe showed
that undesirable warping occurred whan the plywood structures were sub-
Jected to adverse climatic conditions.

In November, two additional flight tests were made of the Mark 15 air-
frame. Since the firat two units tested (Flipghts X-9 and K-10) dascended
too steeply, the deculage was increased to 3° cn one unit and 3.5° on the
seoond unit. Each missile was eyuipped with Mark 1 (PELICAN) rader equip-
ment for homing against & stationary beacon The first umt (Flight K-23)
was released at 200 knota, It diaplayed a rather large roll hunt amplitude
during flight and ianded about i mile short of the target. The second unit
(Flight K-24) dropped away normally but after about three saconds attained
a steep angle of bank ard descended ir a spiral, landing at a point nearly
below the release point. Records cbtained showed that a failure czcurred
in the radar equipment. Failure of the first unit to reach the target
seemg to be due to the effect of the large rsll hunt amplitude on the opera-
tion of the pitoch gyro. Changes are bsing raae in the next units to correot
this condition.

Since more compact radar homing equipment is in process of devslopnent
(See Part C), it seems desirable tc simplify the airframe to the extent of
eliminating the body portion. It was first propssed to attash the wings
direotly to the torpedo by means of latchea incorporated in the torpede
atructure. Analysis of this, however. showed that latches could not be
placed at appropriate positions because of interference with the torpedo's
airflask. An arrangement was then devised to strap the wings directly.
This has certain advantages for teating, in that the wing may be shifted
longitudinally to compensate for any change in the position of the center
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FIGURE 2 - SWOD MARK 15 AIRFRAME FOR KINGFISHER

s

FIGURE 3 = FIRST FROTOTYPE OF WING-ATTACHED AIRFRAME
FOR KINGFISHER TYPE A SWOD MARK 11
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of gravity. The flexibility of this design lends itself to the conversion
into a Type C powered missile, in whioh case it is propcsed to attmoh a
turbo-jet motor to the rear of the ehrcud ring assembly cf the torpedo tail.
Wind tunnel tests of 1/6-scale model of this desipn are now in progress,
and results to date are exceedingly gretifying. The structural design for
a full-sonlé version is well under way. With the completion of these draw-
ings, e full-scale prototype will be made for flight test. A sketch, of
this design is shown in Figure 3.

Tentative designs for the payload for Typo B KINGFISIER have been worked
up and submitted to tho Navy for evaluation of the hydrodynnnnc character-
istios. Two deaigns were included, one for a L0O-pound payload, 14 inches
in dismeter, and the other with a 250-pound payload, 11 inches in diameter. q
Tentative designs have also been preparod for the wing attachments and tail
assemblies for these payloads. Nowever. models will not be prepared for
wind tunnel tests until miniaturization of the intelligence system has pro-
gressed to the point where speoifioation of practical limits of its size and
shape is possiblo. (5ee Part II~C of this report)

B.  NAVIGATION

Past experience with BAT, as well as numerous mathematical studies, has
shown the pursuit-course type of homing tc be inadequate for use against
fast-moving tergets. Acoordingly, it was decided that sng type of course
navigation would be desirable for the KINGFISHER missile. Any type of
sutomatio navigation which casuses the missile to fly a oourse differing from
a pursuit course must oause the missile to fly at an angle to the linec-cf.
sight path. Therefore, the homing referonce axes can no longer remain in a
fixed relation to the missile axes. Since the stabilization system cf the
missile is referred to missile mxes, undosirable cross effects might occur
in the homing signals due to the divergence of the two axes when the missile -
ohanges its attitude, especially in ths case of & rolling motion. Theae
oross effects might seriously affect eithor the stability or the accuracy of
the missile, It is expected that with adequute computers for both azimuth
and elevation, difficulties from cross effects will be resolved.

At the close of the war, many missiles and missile oompononts rsmained
from the PELICAN and BAT development programa. Since these units were
surplus end readily avamilablo, & series of teasts, preliminary in nature,
ware outlined to demonstrate the practicability of using course computers
in homing missiles.

For tests of this nature againat moving targets, an 3,000-foot railroad
had been constructed at the Warren Grove, New Jersey, Test Fleid. The
target, which is a radar beacon, 15 mounted on a railroad section oar. After
starting, the car runs unattended with & pre-set speed. Track switches along
the railrcad automatically recocrd the target pcsition at various time inter-
vals end operate mechanisms to stop the oar at the end cf the track.

. ":’.'

\ H
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During the firat three months of 1946, 8 PELICANS (SWOD Mark 7 Mod 0) were
dropped on the moving target at Warren Grove (Flights K-1 to K-8).% The
antennas of two of these units werc offset in azimuth by fixed lesad angles of
129 and 69, respectively, estimated to give true collision course compensation
for the particular flight conditions. On two cther units where the target
moved at 48 mph, the antemnas were offset by an amount less than that reguired
to produce a trus collipion course. The antonna of one of these was orf'set by
1/2 the full valus, or 6%, and that of the other, by 3/4 the full amount, or
9%, For comparison, the other four units were dropped with zero lead angle
compensation.

In ull of those tests, the mzimutn flight path was according to expecta-
tions. In the caso of the two with fulllead angle compensation, the flight
path was very straight throughout the major portion of the flight. However,
since the line of flight passod tha target path slightly ahead of the target,
it may be conoluded that the luad anile was a litile too large. The two
units with 1/2 and 3/4 of full collision course lead angle flew a modified
ecollieion oourse path with a slight curvnture in the direction of target
motion, with their line of flight passing the target path slightly behind the
target. The four units with zero lead angle all flew typical pursuit paths,
with their line of flipght passinpg the tarpet path behind the target. Exami-
asation of the flight charts of these tests reveals no adverse effesot on the
stability of the glider when the antenna is offsot in azimuth, However, the
acouracy in range was considerably influenced by the squint angle (the angle
between the effective zero axis of the antenna und the axis of the missile).
A fairly largo dispersion in range could be expocted when the antenna assembly
is offset in uzimuth dut fixed in pxtch. because for this oondition, & pitch
error is introduced whenever the glider bunks to correot for an azimuth error
Figure 4 is a typical example of a flight path obtained against a moving
target with lead angle compensation on the antenna; Figure b is an example of
the type of path obtainod with zero load angle.

For the purpose of investizating tho foasibility of using Flettner type
flaps for control of thc KINGFISHER missile, two llark 13 airframes were pro-
vided with auxiliary control surfoces uttechod to the elevons and operated by
standard White-Kodgers servo motors in each elevon, Mark 1 (PELICAN) homing
equipment was provided in the missile for homing on a fixed beacon. These
units were dropped at the Warren Grove Test Area in June (Flights K-11 and
K=12), Neither of the units homed but showed successful roll stabilizatiom.
The rates of roll developed in ths roll hunting motion were very large, and
failure to home can be accounted for by the effect of these high rates of
roll on the action of the gyros. Further experiments are oontemplated with
modified arrangements.

In order to investigate the performance of a simplified lsad computer
system, four §YOD Mark 8 ilod 0 units, containing lead computers in azimuth,
were dropped against a beacon carried on a moving target car at the test
field at Warren Grove, New Jersey, during July 1946. Each unit contained
Mork 1 (PELICAN) radar homing equipment, snd the untennas of all units were
arranged so that they could be rotated in azimuth by White-Rodgers reversible
motor servos.
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Two units contained & rate gyro sensitive to yaw, with oircuite arranged
so that the antenna rotated at conatant speed to the right when the sense of
the rate of yaw was to the left; and to the left at constant speed when the
rate of yaw was to the right. The other two units contained relays in the
output circuit of the rader homing unit, with oircuit arranged so that the
antenna would be turned to the right at constant speed for a left error sigual
and to the left for a right errcr aipnal. The speed of rotation of the antenna
in azimuth for one unit of each type was .5°/sec and the other, .8%/sec. The
target speed on all tests was mpproximately 60 ft/sec.

Although as yet the camera data have not been analyzed, the performance of
the units sa determinod by observers ut the test field was not very satis-
feotory. One unit with the rate of yew gyro control on antenna motion (Flight
K~13) failed to home due to failure of hominp egquipment in the missile. The
other, Flight K-14, landed sbout 1,200 foet short of the target. One unit
with the error signal control on the antenna motion, Flight K-15, passed
290 feet ahead of the target car, landing about 25 feet over the track, and the
other unit (Flight K-16) about 700 feet short and whose flight trajectory
extended would intersect the track £8 feet ahead of the car's position at time
of crossing.

In order to investigate the performance of another lead computing system
in azimuth, aix SWOD Mark 8 Mod O units were tested against a moving target at
Warren Grove during August end November. 1948. These tests were made for the
purpose of checking a partial navigating system in azimuth, Three of these
units were arranged so that the antenna was rotated in azimuth through one-hslf
the angle turned by the miesile from its heading just prior to release (naviga-
tion correction factor,2). On three units the antemna was turned relative to
the migsile three-fourths the anzle turned by the missile from its heading just
prior to release (navigation correction factor, 4).

Of the three missiles with navipgation factor 2, the first unit (Flight K-17)
landed about 1,000 feet over tho railroad and crossed about 400 feet ahead of
the target car. The second unit (Flight K-18) crossed the railroad about
160 feet behind the car and about 14 feet short of the beacon. The third unit
(Flight K-19) lost tracking of its homing signel on rsleage and thus made a
non~homing free fligh%. The first unit with navigation correction factor ¢
{Flight K-20) passed about 150 fest aheud of the cer and was about 26 feet
short of the beacon. Ths second unit (Fiight K-21) landed 300 feet behind and
800 feet over the targst car. The third unit (Flight K-22) landed about
1,000 feet short and 100 feet behind the car. All releasea were made from
approximately 5,000 feet, at a glide angle of 4.5° to 1° and at an air speed
of 180 knots. The speed of the target car in each case was approximately
60 ft/sec, Although the errors were fairly large. with rather large scatter,
the sccuraocy in azimuth ia estimeted to be better than would be obtained on a
target moving at that speed without a navigation system.
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INTELLIGENCE
l. Analysis of iasic Bystems

The analysis of intelligonce systems for KINGFISHER has been con-
fined to active radio homing (active implying self-oontained transmitter)
and to the X Band. Two basic systems within this framework are under
oonsideration, i.e., simultaneous comparison and sequential cowmperison.
Only puleed turget illumination 1z considered, no development being
undertaken on CW systems.

While both simultaneous and seguentiul comperison schemes are still
actively under ccngsideration. it was decided early in the program that
oconoentration of initial effort on one wus hijghly desirable. The
motivating purpose was the amount of information which ocould be obtained
only from field tests. Many of these tests could be performed on either
system and would yield results of interest to both, as well as results
necessary for progrese in airirame and servo design.

In view of the history of successful field triels on BAT (an active
sequential comparison scheme). it was felt that the system to be brought
to the field test point first should be the sequential type.

The obvious difference between simultaneous and eequential oomparison
systems is that the former hac thc possibility of eliminating errore in
direotional information arising from fluctuations in the signal level
during the scanning cycle and that the simultaneous system ocan furnish
directional information more rapidly. These adventages are obtained at
the expense of multiplying the number of reoeivers and involve the neces-
sity of gain-balancing or phase-balancing these receivers. An obvious
point for investigeting then is tho extent and rapidity of signal
etrength fluctuetions encountered in typical tactical situations.

The first evidence bearing on this point was again the performance
of BAT. While improvement over this performance is desired, it is
reasonably good, and some of the departure from ideal must be attrib-
uted to other factors. Among these might be oited the varieble posi-
tion of the apparent center of rediution from the ta.rgetzz, tho lack of
any provision for flying other than a pursuit course, and various other
imperfections (in view of later developments) in the design. On the
other hand, the fluctuation rate at the new frequency (X rather than §)
was expeoted, from theoretical considerationsza. 1o be higher; and the
proposed use of target error rate in some navigation systems puts a
higher premium on smoothness of angular duta than in the BAT system,
where the angular data were not differentiated. (The prooess of
differentiating & fluotuating signal emphasizes the fluctuation.)}

Search of the literature und consultation with other laboratoriee
produced no information of direct beariny on the guestion. Data on
signal fluotuation in echo return from airplanes were availeble, but
these were for smaller targets, the effeoct of the sea was not present,
and the presenoe of the rotating propeller complioated matters. Con-
sequently, an independent investigetion was begun.

£
<
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With an X-Band transmitter and reoeiver, a series of runs was made
on warious sizes of ships at ses, from various aspeats. The radar was
oarried in the nose of an airplane, which flew in at various glide
sngles over the rangs expeoted of a gliding missile and on low flat
trajectories such as might be encountered with a powered missile. In-
formation was reoorded on the amplitude of each individual eoho pulse,

In the first series of investigutions, vertical polarization was
used.’ (Similar tests with horizontal polariszition are contemplated.)
Roughly, the conolusions were that the fluctuations are of considerable
oonsequence at any soan rate and that they did not depend markedly on
range or aspeot. However, the effeot is reduced by high moan rates.

The desired improvements over the BAT (pertinent to design of con-
trola) are listed below:

(a) Increased probability of hit by

(1) Tighter traoking to avoid loss of target or
change in targets,

(1i) Greater resolution in range and angle, for
same purpose, and

(111) Provision for computing interoeption courss,
obviating necessity of impossibsle rates of
turn at end of trajectory.

{b) 1Inoreased range.

(o) Uecreased volume and weight, and better amerodynamic
properties in radome.

(d) Simplioity in use and maintenance; ulso produoibility.

2+ Charuoteristios of Seslectsd System

daged on the above analysis and the desired improvements over the
BAT intelligenoe system, the following over-all shu-aoteriltiol were
seleoted for the first prototype for KINGFISHER.

(a) B8ystem; seguential m:rmpm'i.lon]‘6

(b) Antenna system; non-soanning tranemitter with rapid
oonioal soan on receiver; antenna stabilized and
movable for computing purposes.

(o) R-f system; 1/4 miorosecond pulse, 2,000 pulses/ses,
60 kw peak power; tunable magnetron (2J51).
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. (d) Receiver: band width 5-G mc/wec; 1/4 microsscond
video gating with automatic tracking in rangs, and
range velocity memory; electronic commutation of
directional information.

(e) Primary power supply; 400-oyole generator driven
(at oonstant speed) by variable pitch windmill
(desoribed in Sec. II-E).

In the following discussion, the lines of separation drawn above
cannot be respected, due to the intimacy of the intersction betwsen the
various design factors. Enough has already been said of (a) to permit
passing direotly to the others.

(b) Anterms System
(1) R-f Properties

The system chosen for first tests oonsists of four horns;
& complete assembly is shown in Figures 6 and 7. One horn
points along the axis, one 7° up, one 7° down and 7° left, and
the fourth 7° down and 7° right. The oross-overs in the radia-
tion patterns are at about the half-power points. The horn
that points along the axis is used for transmitting only. The
other three are brought to a special switoh seoction, where
newly developed r-f switoh tubes, gated eleotronically by the
timing unit, permit use of the highest possible socan rate
(a single scan cycle includes one pulse from eaoh receiving
horn). The signals from the two "down" horns are added (after
the second det.otion, so no question of phase arises) for a
trus down signal to compare with that from the "up" horn;
right-left information is also seoured from the two down horms,

The gains of all horns are of the order of 110 (or 20.4 db)
over an ipotropic radiator. An additional effeotive gain of
3 db oomes from use of an "on-course" rather than a soanmimg
transmitter. A portiom of this is loat again due to the use of
three rathe- than four receiving horns, but space oconsideratioms
are ruling here.

In addition, it is belicved that a nom-soamning trans-
mitter will purmit better streamlining of the radome. With a
pointing dish and a scannimg transmitter (as in BAT), any
radome shape other than splierioal can be expected to give a
pulling effect on the maguetron, whioh varies exactly at scan
frequenoy, The resultant variations in transmitter power and
fregusncy would give rise to false direotional information.
This difficulty was met ir the BAT and necessitated uase of a
hemispherioal 1 se on the missile, which was aerodynsaiocally
unsatisfactory.
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FIGURE 6 - FRONT VIE® OF IORNS OF AKTENNA SYSTEM FOR KINGFISHER

IGURE 7 - SIDE AND REAR VIEWS OF [IORNS FOR ANTENNA SYSTEM FOR KINGFISHER
The transmitter is located in the space between the horns; the remaining
ipace will be used by components of the antenna stabilization system.)
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It is recognized that thias antenna system suffers from the
drawback of using only i/4 the available antenna aperture at any
one time. Nevertheless, its use will be adventagsous in severa.
particulars, Jecause of its simplicity and the feeble inter-
agtion between horns. oonstruction and design were relatively
easy, and thuas a flyable homing head will be more quickly achievead.
Becond, design cousiderations indioate that this system can
quiokly be changed tc e simultaneous amplitude comparison system
for tests of the comparative merita of these two systems. (This
antenna can hardly be converted irto a satisfactory phase compi.-i—
son antenna, however: due to phase relations arising frem the
physical separation of the antenna centers, reversal of directiohel
information will be encountered with good eignal strength at rela-
tively small error engles.} Third, the spaocs between horns is
usable; in the present assembly. the magnetron, pulse ‘ransformer.
local oscillator, sipgnal crystal, switoh section and r-f switch
tubes, AFC orystal, end associated oouplings ars all mounted in
this space, with some room left into whioh oomponents of the
antenna stabilizing meohanism can intrude.

Laok of switch tubes to the present has preoluded measure-
meat of the radar width of the system. Produotion of switoh tubesa
of the type made by modifying 1B24 TR tubes has suffered several
delays but is now beginning at a good rate and tubes are expeotaed
very shortly. Developmont of the new switch tube is being done at
Sylvenia under contract from the Naval Research Laboratory. A
preproduotion tube, designated X-7047, is shown in Fipgure 8.

The four-horn system, desoribed above, would probably be too
large for use in KINGFISIER Type B. An appreciable reduction in
size appears most promiasing with common aperture systems, and
thess are being investigated. Interaotion between the feeds of
the common eperture is the most serious problem, and so far, good
aperture illumination has not been achieved. A lens nppears more
suitable than a reflector because of the bulk of the feed system
Of various lenses considered, ciie of the Fresnel zone plate type
showed considerable promise.  primarily beceuse of the high ratio
of dismeter to focal length. Such m lens may be seen in Figure 9
This lens has good optical properties and & fooal length of only
4 inches. With such & lens. a rotating eingle feed could con-
ceivably be used, but this would reintroduce the difficulties
osueed by scanning the transmitter and would, in addition, at high
soan rates, introduce a range-dependent rotational shift. Thias
arises becauss the maximum ranges envisaged give echo delays com-
parable to the interval between pulses. It is believed that the
fluctuation data previously referred to indioate strongly in
favor of high soan rate; and a high scan rate also favors tight
tracking at maximum range due to the lower AGC time oonstant
allowable. (There is a posaibility also that it may reduce the
regquirements on the memory cirouit for the same reason). It is
felt that the problem of securing good aperture illumination with
multiple feeds is soluble.

B o




FIGURE 8 = PREPROLUCTION
HODEL OF SVITCH
TUBE (X=-7047)

FIGURE 9 - FRESNEL ZONE PLATE LENS
(A six-inch scale is at the bottom of the lens)




SECRET Page 20

In the existing antenna system, much efforts has been
devoted to making the plumbing system of great band width so ag
to exploit the counter-countermeasure properties inherent in
the tunable magnetron. The awitch tube section was the most
diffioult item, but even here a broad design is beliaved to
have been achieved. Actual measurements of width have been made
only with approximations to the final tube, final production
samples not having been received, however, 1t is belreved that
the system will be operable at lcast over the range from 3.2 to
3.6 om. At present. a chunge over uny larpge fraotion of this
range regquires retuning of the mixsr. Jocal oscillator,. and
switch tubes, as well us the magnetrcn. However, broad-band
switch tubes with no tuning edjustments required over the range
.1 to 3.% ¢m are under development elsewhere; a variety of
wide~band local oscillator *ubes ere also uader development
elsewhers; and oome work is being done here as well as elsewhere
on the deeign of a broad~band mixer- A broad-band AFC trans-
mitter coupling has already been devised.

(1i) Mechanical Properties; Stabilization

The antenna is to be mounted on a gimbal system so that
computation may be done by rotating the radar axis relative to
the line of flight. The radar axis is to be stebilized against
pitch and yaw of the missile. Stabilization systems under
investigetion are discussed under servo development, Part D-1
of this report.

The weight of the first prototype antenna without the
stabilizing mechunism, is about 28 pounds.

(¢) R-f System; Modulator. Transmitter, and Mixer Units

The modulator is a conventional pulse-forming line. hydrogen
thyratron and pulse transformer system. The new Alsifilm linee will
probably be employed. Figure 1C shows the space saving which can te
accomplished by the use of this dielectric. UBoth lines are 6E3. 1/4,
2,000, 50, the only difference being that the larger uses paper as a
dielectric.

The thyratron in present use is a 4C35; however: development of
a tube of smaller size is under consideration. The low duty cycle
snd possible reduction in life requirement should make a smaller size

practicable.

The pulse transformer is mounted in a oase oontaining also the
magnetron socket, and both are placed in the spaos betweon the horns
on the antenna assembly. Roteting joints in the r-f aystem and long
magnetron leads are thus avoided,




FIGURE 10

TWO ELECTRICALLY EQUIVALENT PULSE~FORMING LINES
(The one on the left is made of Alsifilm dielectrio
and the one on the right, with impregnated paper
dielectric)

FIGURE 11

TWO I-F STRIPS FOR RADAR RECEIVIRG SYSTEM FOR KINGFISHER
(The smaller model shown below gives en indication of the
reduotion in size possible with the use of pentodes

of the T-3 (subminiature) size.)
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An unbalanced mixer of simplest type is at present in use, as
first rough tests indicate a satisfactory noise figure can be
obtained in this way. A spocial requirement is the need for a pre~
mixer AGC system to prevent crystal overload at short ranges. Data
on preproduction samples indicate that the samo type of tube used
for the r~f switch can perform this function, the attenuation being
variable from some 50 decibels smoothly down to about 10 decibels
as the control electrode ourrent is varied. At about 10 decibels,
the arc goes out and the attenuation drops abruptly to the insertion
loss of nbout 1 decibel. Jfith a delay in the AGC appliod to this
electrode, this system oan be used without detriment to performanoce
at extreme range. There are beneficial by-produots of the use of
the premixer attenuator. The blankinp requirements for close-range
operation are greatly reducod (first measurement in fact indicating
that this feature, combinod with the shorter pulse length, may
eliminate tho necessity for supplying a blanking pulse). In addi-
tion, use of the attemuation in tho receiving channels only, with
full power maintained in the transmitting ohannel, is adventageous
from the point of view of counter-countermeasures.

(d) Heceiving and Data-Analyzing Systems

A great deal of detailed ‘development on receiving and data
analyzing systems has been doscribed in reports already
158uedl0:13:18,18 op nopy 5y preparation. The necessity for such
development arose from reduction in pulse length, requiring greater
band widths and imposing more stringent requirements on tracking
oircuits; use of electronic rather than mechenicel scanning; and
use of a three-component rather than a four-quadrant scanning
soheme.

In the i-f amplifier, a band width of only 1. 1, where T is
the pulse length, or about 6 mc., is used in order to economize on
tubes and produoce high signal-to-noise ratio. Fixed tuned stajgered
pairs are used und present experience indicatss that it should be
possible to wind all ooils to mechanical specifioations without
electrical checking or tube selection. Use of more sophisticated
schamos (double coupling, stagpored triples or quartets, negative
feedback) might save one stage, but at the expense of tuning adjust-
ments. The present amplifier has none. Further, the "sguarer"
outoff of these schemos would require & greater band width for
equivalent pulse reproduction. The first three stages are gain-
oontrolled by control-grid blasing; the time constunt of the AGC
(automatic gain oontrol) oircuit is tentatively set at 20 milli-
seconds, this low fipure being possible because of the rapid scan.
Computations indioate that the premixer attenuator may make possible
the use of a fixed gain first stage, with soms resultant bemefit in
noise fipure; experiments in this direction are proceeding.
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A plate deteotor, operated at as low a level as will-give
reasonable linearity, is provided. No specific anti-~jamming measures
aro included in the first prototype unit. such as back bias or
instantaneous AGC; however, the low level detection gives excellent
overload properties and thus gives good CW rejesction. A videc stage
and oathode follower oomplete this unit; & moderate amount of fast
time-constant is employed to reject the lower modulstion frequencies
without deterioration of pulse shape.

Experiments aro being carried on also with smaller tubes as
samples become available; Figure 11 shows the reduction in size
echieved in an experimental i-f amplifier employing preproduction
samples of pentodes in the T-3 (subminiature) size.

The automati¢ frequemncy control unit 1s conventional, operating
by comparison of. the transmitted and looal osecillator frequancies,
and controlling the latter through refleotor voltage modulation.

One relaxation osoillator causes the local oscillator to "hunt® for
the transmitter. On crossing the proper frequency, signals from
the disoriminator fire a eecond thyratron, momentarily setting the
hunt cycle back slightly. The hunt then resumes, is set baok again,
and the local osoillator "rocks" slightly around the proper frequenoy-.
An i-f emplifier similar to that in the main receiver is employed;
and a conventional dual-diode diecriminator. The use of thyratrons
rather than the more oommon blocking oscillators eliminates the
requirement for one or two pulse transformers. The hunt cyole is
somswhat elower then is common in this type of oontrol, since it is
eseential that the corrections to the frequenoy not be made at about
three-pulse intervals, as is common, since this would give rise to a
slight scan freguency modulation of the echo, which would be
interpreted as directional information.

The video unit performs the following functions: (i) genemtes
triggor for modulator and pro-triggers for other functions; (ii) gen-
erates gates for r-f switch tubes; (1ii) generates range gate for
seleotion of & single echo; (iv) transmits all echoes and position
of range gate up to monitor in mother ship; (v) amplifies chosen echo
for commutation of directional information; {vi) oontains circuits
requirad to lock gate on the ohosen echo and track automatically in
rangs (a range velocity memory is produced for cases of short
interruption of signal); (vii) develops AGC voltage from gated scho
only; (viii) generates gates in aynchronism with (ii) for commutation
of signal into appropriate differential smplifier; (ix) provides,
from the differential amplifiers, output ourrente proportional to
asimuth and pitoh errora, for precession of gyro axis; and {x) con-
tains two renge switohes for aotuating torpedo release mechanisms.

Only a few general oommente will be made. It is believed that
an unusually economical switching and commutating system has been
developed, and a detailed report ooncerning it is in preparation.

z
<
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The range gate tracking aystem required much attemtaon siace the
requirements are approximately six times as stringent as in BAT. (The
pulse length is narrower by a factor of 3 only, but the cver-all widtn
of the tracking gates is only one pulee width. due to the usze of 1/3
miorosecond tracking getes. In the BAT. 0.V-microsecond trmcking gates
were stacked edge to edge giving, with a O 7-miorosecond pulse an
over-all width twice the pulse width.) Gonsgguently two systems were
developed: one was a dual oscillator systemif aimilar in prinsiple tc
that used in the self-gynchronous system in PELICAN; the sezznd wss a
delay multi-vibrator system similar in principle to that smployed in v
BAT {report in preparation). Hoth have been developed to a point of
moeting bench tests; the multi-vibrator system . however amploys fewer
tubes. Part of this difference is in the counter-stages rsyaired to
derive pulses st repetition rate intervals {upproximately Z00C cps}
from the stable orystal oscillators, running at present around 50 ko/sec.
Development of lower frequency crystals or use of some other stabllizing
unit, such as & magneto-striotive rod, might eliminate this difference.
Those factors are being investigzated.

Development of a new memory oircuit mekes possible longer memory. 15
An effort is being made to translate this advantage into s shorter learn-
ing time, so that maximum advantage may be derived from the memory
oircuit in tracking weak signals. The pointing antenna and the short
ABC time conatant should oonspire to reduce the requirement for long
memory timee.

A new pulse~stretching system is being used to effect power ampli-
fioation without producing "rotational shift" by carry-ovar of :nforma-
tion from one receiving antenna te the next A report describing the
system is in preparation.

Standerd type T-6 1/2 tubes are used throughout. Sampies of Bev-
eral varieties of T-3 and T-2 tubes have been procured for experiments
on miniaturization, with particular emphasis on reducing the slze of
the equipment so that it will be azceptable for KINGFISHER Iype B In
addition, the possibility of using printed circuits in many parts of
the eleotronic assembly is under consideration as a means of further
reducing the size of the equipment.

D. BERVO SYSTEMS
1., Antenna Stabilization

It is desired that the antenna of KINGFISHER be stabilized against the
pitch and yaw of the missile to within approximately 1/4 degree and without
any oscillation. Bince the servo system operating the bird controls may
use antenna rate as well as antenna position, a dead-beat (non-hunting)
system is considered essential. The maximum velocities regquired of the
etabilizing system are expeoted to be of the order of 30°/sec. It weuld
be desirable to have the antenna free to tip in any direction to an angle
of 45° from the oenter line of the ship. However, the location of the

"
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suspension members may be suoh that these angles may be limited to 30°,
Space limitations also complicate the realization of the stabilization
requirements. Three methods of antenna stabilization are under investi-
gation, and supporting development is under way at the Raymond Engineer-
ing Laboratories, the P. H. Shepard Laboratories, as well as at NBS.

In the first of these systems, two gyros are used. A large, heavy
gyro has its axis fixed in the antenna, and serves as the primary
stabilizing element and as a torque motor. This gyro will stabilize the ¢
antenna against jerks from the airoraft; however, torques due to
oonnecting cables, unbalances, accelerations, etc., will cause slow pre-
oessions of its axis, and therefore of the antenna. These precessions
will be detected by a second, truly frees gyro mounted on the antenna.
The information obtained from pick-offs on this gyro will be used to
apply counter-torques to the gimbals of the sntenna. tWhen 1t is desired
deliberately to precess the antenna for reasons of navigation, the free
gyro axis is precessed to a new zero; the pick-off system will then
force a corresponding precession of the main gyro. A schematic diagram
of this system, labeled a "piggy back™ stabilizer, is shown in Figure 12,

Since the free ggroacope is to be mounted on the antenna, it need
not have more than 1° of freedom in any direction. This means that gyro
gimbals are not needed and some type of a ball and socket or universal
Joint may be acceptable for the gyro support. Several such gyrosoopes
have been built and they show considerable promise. Two of these are
shown in Figure 13. These gyroacopes are driven by a motor and use
self-aligning bearings. The gyroscope wheels are driven by the friction
of the bearing. Thie is suffiocient to drive the larger wheel at

6,000 rpm when the motor is running at 8,000 rpm. Another possivle
answer for the free gyro ia found in the Mark 13 gunsight. This sight
has a universal joint gyroscope of a very light and compact oonstruc-
tion. A photograph ol the original and the modified gyroscopes is
shown in Figure 14. The antenna direction will be controlled by pre-
oessing this free gyroscops while the large gyroscope will be controlled
by pickup coils mounted near the free gyroscope wheel. These coils oan
be seen in Figure 14. Juantitative measurements on the inherent
stability of the gyroscopes discussed are in progress but as yet in-
oomplete.-

Both the other systems use a single free gyro in the antenna and
differ only in the servo cyctom used to keep tho antenna axis aligned
with the gyro axis. Again, deliberate rotations of the antenna axis
are acoomplished by precessing the gyro axis; the servo thus having
the single duty of keeping the antenna and gyro axes aligned. In one
systan, an arrangement of magnetic clutches operating from a con~
tinuously running motor gives proportional control; in the other, the
clutches are replaced by a special differentinl gear system. The
dirferential gear system is shown schematically in igure 15, and a
photograph of the first laboratory model is shown in Figure 16. With-
out anti~hunt features, this system held & mook~up antenna stable to
within 1/4 degree with very little hunt. A oomplete model with anti-
hunt features is under construction.
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FIGURE 15

SCHEMATIC DRAWING O Ti% DIFFERENTIAL GEAR~REVERSING
CLUTCH FOR ANTENNA STABILIZER

FIGURE 16

FPHOTOGRAPH OF A DIFFERENT
SCHEMATICALLY IN FIGURE 15

IAL GEAR SYSTEM SHOWN
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2. Main Control Servo

The requirements for the KILGr1SlER contrul-surfece servo have not
as yoet been fixed, and very little work has been done in this oonnection-
Since the antenna will behave as a free gyroscope as far as yaw and
pitoh are concerned, it will be possible to use the antenna as a refor-
ence for the stabilization of missile as a whole,. DBecause ol the lact
that the antonna axis and the ship uxis muy nct coincide, anr "axis
resolver” may huve to be used to provide a lrame of refaorence for the
misaile. A separaute free gyro can. nf course. bo used to obtain the
same result.

The stabilization of roll can Le obtained by using a rcll gyroscope
or a suitable angular acceleroneter. buch accelerometers ure comner-
oially available. and a model speciully desipned for KINGFIS(ER is now
being tested. This mwodel is showu in Pigure 17. It consists of &
balanced member mounted on ball bearings and held in a fixed rolution-
ship to the {rame by a spring. The natural freguenoy of the asystem is
approximately 10 cps. Pick~oi{l coilas are mounted on both sides of this
member so that an output voltage 18 varied botn in phase and magnitude.
This voltage can be employed through the controi servo to countoruct
the roll of the ship. The advuntage of the accelerometer over a gyro-
soope is the elimination of hipgh~-spoed rotating systems and the need
for driving power. An accelerometer should be much more foolproof and
dependable than & gyroscops, to say nothing of being cheape:.

E. PONER SUPPLY

The primary scurce of energy, botn for the radur and anterna atabilizing
gear, and for tho control-surface servos. 1t the airstream. Two gererators,
driven by one or two variable-pitch constant-speed windmills are to be used
The redar generator will supply approximately one kilowatt at 400 syclea,
117 volta; the servo generator will have & similar oapacity. but the form
of the output awaits further definition of servo requirements.

The varieble-pitch windidll is n apecial design in which the power to
rotate the blades i1s not derived [rom the speed-control netwerk. Instead,
the apeed-control network operates a clutch which uses the power of the
airstrean itseil i efflect the rotation necossary for the indica%ted change
of pitch. The principle is shown schematically in igure 18. WWind tunnel
tests on the first model, pictured in Figure 1Y, are very promising.

In addition to possible changes in type of priamary supply desired.
another reason exists for using separate radar and servo generators. The
servo load may fluctuate quite sharply, and it is highly w ' -iruble to
have rapid fluctuation in radar supply voltage. ilowover, generator inertia
may be sufficient to permit mounting both on a common shaft and driving
with a single windmill.
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Design of the radar generator is well along. An 800=cycle model with a
onrbon pile regulator has boon completed. This is shown schematically in
fMpure 20. lxperizonts on other recgulation sohemes, such as axial displace-
ment of the rotor, and on alterantive, possibly moro compact, desipna
employing permanent magnet rotors, aro in progress. The gonerator will not
be larger then tho invertor required in LAT to convert from Lattery power,
thus making tho space occupiod by the batteries themselves pure prafit, The
air-driven generator increases dray on the missile about 1.

Brakes will be supplicd so that the gencrutor noed not run continuouasly
throughout the %ime tho bird is carrieds This powsr supply will wuake it
unneoessary over to power to radar rrom the mothor plane, thus simplifying
the wiring in tho vmbilical cord.

The savin;s incident nn oliminating tho logistics problem assooiatod
with battery supply need hardly be mentioned.

P. FLIGHT SIMULATOR

A flight simulator lms boen developod and constructed for Macilitating
the development work on KINGIISl#R. It is ossentially a device for solving
tho equations of motion of the {light of a missile, and thus reproduecing in
the laboratery the behavior of missilo in flight. A flight simulator pro-
vides a laboratory tool which is very useful in the appraisal of theorotical
and practical flight control systems und should considerably reduce the
amount of field testing requirod in the devolopuent of a suitable puidance
and oontrol system for XKINGFISiER, Although designed as a tester ior the
KINGFISIiER, the simulator has upplication to missciles of the sume jeneral
type. A general description of the sinulator is jiven in “The Guided
Wigsile” for July 1246.

Figure 21 shows the platform on which the gzyros or elements of the con-
trol system sensitive to angular motion are mounted. This platform is
mounted in a gimbal framo froe to rotmto about three peryondiculur uxos.
On. the coenter of rotation is mounted an optical homing systun to simulate
the oharacteristics of tho radar homing system of the missile. In this
figure, the syros of tho 5.1 lfark 9 :od O UAT aro shown ol opposito sides
aend below the optical homing houd.

igure 22 chows, at tho left, tho light source used as u simulated
target and which movos in such a umnner as to roprosent tho motion of the
missile in space. In the center is thn threo-axis mounting which carries
the platforn shown ln Figuro 5, AL the rijat is u control puncl lor
ad jus ting the constunts of the system to correspond to tho aorodynamic
charactoristics of the missile undor test.

Figure 23 gives unothor view o!' tho gencral arrungemont, showing the
track alonp which the curriajo moves ts rcprosent the approach ol the
migsilo to the tarjet.

rirst tests on the simulator were conaucted in Qctober, und ronsideratle
tims has been spent in muking ravisions which were found neocessury iLrom pre-~
liminary oporations,

Nl
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The following investigations are now in progress using the flight simu-
lator:

(1) Comparison of the control systems of the lMod O end the
Mod 1 BAT with respect to accuracy of ths missile under
varying wind conditions.

(2) The investigation of the effects of squints in the gyro
system, servo system, and homing on the accuracy of the
missile.

(3) The investigation of the performance of proposed navi-
gation systems for YINGFISIHER.

Under Item (1}. 29 runs have been taken with the control system of the
Yod O BAT, with wind set for 40 mph right, 29 runs with wind 40 mph left,
and 40 runs with no wind. The averape deviation varies from 34 feet to
80 feet. The distribution of error does not follow a normal probability
distribution due to a small long-period oscillation in yaw evident in these
runs. The results ure in excellent agroemsnt with actusl field tests of
Mod O BAT, thus demonstrating that with the simulator, performance of the
navigation system of a missile can be predicted under various flight con=
ditions.

F. INSTRUMENTATION

The instrumentation system for XINGFIS!ER is intended to provide data
on the performance of the missile and its components while in flight. The
flight tests referred to above (under II-A and II-B) have used the
instrumentation system developed for BAT. This system includes two record-
ing cemoras within the missile and two pround stations [or obtaining
traje ctory data by optic methods. The cameras within the missile are en-
closed in rugped cases tu presarve the rocords from damego caused by impact
of the missile. Ono camera pnhotozraphs an instrument panel and the other,
the view directly shead of the missile. In some cases, a third cumera has
been added to photogruph an oscillograph oconnected to the intolligence
system.

Appreciable work has been done toward improving the BAT instrumentation
syastem, ineluding batter synchronization of the airborne cameras, more
reliable erectors for the lonsos and mirrors, and installation of Askania
recording thoodolites in the ground stations. In addition, serious atten-
tion is being directed townrd devcloping or adapting telemeteriny systems
and radar plotting methods. The telemetoring system will supplement rather
than replace the recording cameras.

A pulse-time telemetering system has been developed which requires
only one tube per chamnel. It also allows considerable flexibility in soan
rate and in the number of channels. The full possibilitios of the system
are still being investigated. Howovor, in view of the fact that most of
the teating of complete KIKGFIS:!ER missiles will be at NAOTS Chincoteaguc,
where other puided missiles are also to be tested (notably DOVE and METEOR),
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the possibility of using & standard system is under conslderation. If the
same or similar telemetering systems are used in all tests, the ground in-
stallations at the station would be appreciably simplified. S§imilar
standardization would be desirable, if possible, for trajeotory plotting
instrunen tation.

I3
4
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