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I. IDNTRODUCTION

The KINGPIYHLR is a radar-controlled, subsamio, eelf-homing, eirborme
guided missile deaigned to deliver an explosive charge below the waterlie
againss floating targets. It is intended that KINOFISHER will be relessed
from an aireraft wll beyond the range of oonwventional ansisiroraft fire
origimting at the target. The KINGPISIER, ia turn, will releese & torpedo
a4 some distanoe ahort of the targes. An exosption ia the Type E KINGFISHER,
whioh is intended for submarine targets and is to be released from shipboard.

Projpot KINGFISHER is en outgrowth of the PELICAN end BAT Projeots,
whioch were carried oul, during the war, st the National Buresu of Standards
under the sponeorship of the Mational Dufense Beseerch Committee and the
Bureau of Ordnanoe of the Nawy Depsrtment. Supporting redar development
work was done by the Rediation Laboratory of the Massaohusstts Institute of
Teslmology. First design considerntion was given %0 KINGYISBER {n
geptember 19L);, but sctive develoment work ou the Projeot did not begin
until after tte end of World War IX. The Project mas origiually under the
soguisance of the Buresu of Ordnance, but during the current quarter, the
sasistanoe of the Bureau of Aeronsutios wae enlisted, snd Project XINGFISHER
{s now controlled jointly by these two Burcaus of the lMavy Departssnt,
Techpioel direction of the Project is the rasponsibility of the Natiomal
Buresy of Standards, The orgmizasion oharé for the KINGFISLIER development
project is shown in Figure 1, ’

As of Junuary 1, 197, oonsiderstion wes being given to five KINOFISHER
typee: A and B, which were gravity-powered (glider), snd C, D and E, whioh
were jet-powered missiles. During the current quartsr, at the direction of
N0, the glider types, A and B, wore sbandoned bscause of lsok of s apsre~
tional demand. A mew type, Type F, was added, whioh is essentially s powered
version of the fomer fyps B. Currently, the four types of KINGFISIER
missiles, designated for dovelomment, arve us fallows:

Iype Cs A power-drivan missile having & 20-mile renges when lasunched
from an siroraft at low gliitude; total weight of the unit
%o be about 4,000 lbs., including the payload, which is a
power-driven homing torpsde having n 350=1b. warhead cherge,
The Type C KINGFIGIER is being designed to be relessod from
ourrently svailable airorest snd to use ourrently sveilable
torpedoss (in particular, the 'k 13 snd !k 25).

Type D1 A powsF-driven missils having a 20-mils ranpe when lsunched
from an alreraft at low sltitude; total weight of the unis
%o be about 3,000 lbs., inoluiing the peylomd, s light-weight
power-driven homing torpedo (not yst developed) having e
200~ %o j00«)b, wariead charge.

2ype By A power-driven missile having a 10- to 20-mils runge when
launchsd from a wurfuce ship; the total weight of the umit
%0 be about 3,000 lba., including the desp~diving homing
torpedo (1ik 35) nmow in ths research stage.
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Tyss 71 A pover-driven whiocls lavizg a 20-mile renge, alroraft
launcheds the total weight of the umit te be ebout 1,000 1ba.,
inoluding the payload, which will bs & nom-powersd, non-homing
bdomb torpede of about 350-1b. weight, similar 80 the German
BT. Tha myload hay not yet bean developed,

Major effort is being put ou Type C KINGFISHER, although the otber thres
types, rarticularly Typs F, are being given serious sttenticn, DBecsuse of tbe
fact thst powered missiles, even the interim design, will not be availabdls for
£1ight teating until 1948, eu extansive tast progres is under way with glider
aissiles in order to fuoilitate the development of thw other essential oom~

poswnts.

The progress snd status of dsvelapmat of KINGFISHER ia presented, in the
following seotions of this report, under headings of Airframe, Navigation,
Intelligenoce, Servo Systwms, Propulaiom, Eleotrical Power Supply, scd Instru-
ssntaticn. Under esoh heading is & brisf sumsry of i over-all status
followed Dy s more detailed resums! of ourremt progresa. The applicadility f
the Yaricus developmsuts to different KINGPIGZHER types is conpidered sepa-
rately in sach ssobion.
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Ae STATUS OF IEVELOPENT

Moet of the work ¢o dete on KIDGFISHER sirfremes bes been on glider
versions in order %0 Mave vehiolas available for immdiate fisld testing.

Howswver, in wind tumel tasts and design studies, the required modificetions

on the airframe to conmvert it to ths powered versiom bave been carefully
notad,

The airfrexs ueed in ourrent field tests iz designatsd Mark 15 and la,
to gome axtent, a modificatiom of tha BAT airfrems. An improved glider ver-
sion airframe, designetad as the wing-attsched model, dispensss with the
body struoture of the iark 15 end attaches the wings directly to the torpsde
body. These two eirfremes were shown as Figures 2 and 3 in Guartarly
Progress Beport No. 1. Extensive wind tumsl testz on ¢ model of the wing~
attached glidar hsve bean made and have yielded dasign date for sa airfreme
possegeing axosllsnt aerodynamic propertiag.

Wind turnel tests for e Type C KINGFISIER airfrewe have shown that
opbimm location for the propulaion unit is eft of thea torpsdo shroud ring.
The tasts have given data on 1if¢ snd drag oosfficients, 1/D ratic, and
preforred trin engles.

In sll KINGPISHER models, it is planned that the intsllignce systes be
mounted in & housing on the forward end of the torpedo. Zerc oontrols will
probably be loocated in the wing structures.

B. CURRERT PROGRESS
1. Hark 15 Airfreaze

Pour liark 15 airfremes were prejared for flsld test during the
ourrent quarter for the purpose of obtaining additional data on the
ssrodynamio properties of the missile during homing flight, partiou-
larly in regard to determinetion of best dacalage satting. In the
first two units, the decalage (angls betiwem the chord of the main
wing and the chord of the Lgrisontel tail surface) of ome wes set at
3", and of the other, at 37 . liark } (PELICAN) rader equipnent was
ussd end arranged for haming on sn AU/AFI-7 transpondsr used ss ¢
beacon.

Flight data obteined in the two previous tests (Flights K-23 and
K=2l;) showed that the fallure of thege units to reach the tarpst was
due to the effaot of the larcs roll-bunt smplitude on the aotien of
the pitoh gyra. In order to correct this condition, the sngle of the
tum gyro was increaced from 15 te 25°. Lilso, tail olevators simi-
lar to those in use on the liod O BAT were installed, und the setting
of the pitch gyro inareoned from 29/sso tc 5°/svc.

Oos unit (Plight X-25) was dropged in a 29-imot orosgwind and
landed 1O feet to the left ond £9 feet over the bmscom. The flight
reonrdg _cbtained from the noss csmers showed ¢ ysw osolllation of
about 7% amplituds. 7The f1ight as s whols, however, was vary goods

" L e Am

P

-
-

b2



DECLASSIFIED IN FULL

thority: EO 13526 _
%lllﬁei, Rgcords & Declass Div, WHS

Dateycy 1 1 2012 A Page &

The other unit was dutroyuf when it ws acocidentsally dropped
ou the rumway at the Test Station,

t Two additional units were tosted to attempt to reduce the yaw
4 esoillation obtained in the previous flights. These units were
equipped with ilark 2 (BAT) radar equipment and were dropped against
& corner reflsctor. Sixe-inch sxtensions vvere provided on the verti-
cal tail surfmoes to provide grester directiona) stabdility.

The first unit (71ight K=26) had s decalags of 3°. The glider
oamera records indicated that, although the radar was calling for s
g:d. asignal, the elevons moved to an average position half wey to

1 glide. The yewing motion was mot noticeably affoeoted by the
increased area of the vertical stabiliser. Koming oontrol wes
apparently lost during the flight; the landing point was 1,700 fest
lfnrk and 1,250 feet to ths left of the corner reflector.

The second unit (Flight K-27) bad & decslage of 54°, The pitoh
and yow hunt amplitudes of this test were very similar to K-26
exospt that, about 12 seconds after relsase, the flight becams very
steady for 8 to 10 seconds. During this period, the elevons wers
At full glide limit. The flight was good, the unit landing 148 fee§
short and 18 feet to the left of the corner rellector.

. Cooparison of the flight chermcteristios of the three missiles
indicated that the 3}° decalage setting was superior, although the
data were not sufiicient to be oonsllutn. Jisstiles for future

. tests will be propared with the 34" decalage setting.

' Tor Release = Test 71ight K~10 (reported previously) wes
‘ made purposs of testing a mochanium to relesse the torpedo
Jrom the iark 16 sirframe. Analysis of the photographs was made

during the ocurrent quarter, sad the results show satisfuctory opers-
tion of the mechanism. The operstion of the torpedo release ia
shown in a series of photographs in figure 2.

2. lingeattached Glider

: Extensive aerodjmanic tests of the glide version of the wing-
sttached airframe were conducted in the UBS' 6-foot wind tunmel.
Messursmants wers. cospleted on approxinmately fifty different oon-
figurations of the model. The wodel with the desirable position
of the wing and tail is shomt in Fligure 3, Tables 1, 2, 3, 4, &

S and 8 list the trim ansle at sero pitching moments for the various
positions of the wing, the tail, and tlie center of gravity when
the oontrol rlaps are set at =30%, 0°, and +30%o0 the neutral.
The poasitions of the wing, the tail, and the center of gravity are

: listed aa ratios to the root chord of the main wing. It iz xote-

Iy worthy that for tho optimum configuration, the angle of trim ia

. within 21" to the flight puth for the full range of the control

flap settings (see Table 6). The diagram tor use with Tables 1

to 8 1s shom in Pigure 4. i
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TABLE 1

3
; CRIN ANOLES OF THE WING-ATTACHED AIRFPRAME POR ZERO PITCNING
t MOMEN? FOR VARIOUS FLAP SETTINGS AND SPRCIAL CONPIGURATIONS
¥ Ratio .
] Flap Trim R e & 1 0 s Tall Area Tail
¥ Angle W& XK O T Main wing Section
f 30 < 2.21 043 0.59 L.28 0.36 ¥ACA .0012
- ° @5 2.2 0.3 059 L.28 0.3 EACA 0012 ‘
t 30 b 2,21 o443 0.5 L.28 0.36 ¥ACA .0012
30 o 2,28 03 0.59 L.28 0.36 NACA .0012 :
i o 3.5 2.28 043 0.59 L.28 O. MACA .0012 ;
: 30 0 2.3% 043 059 L.28 0.36 NACA .0012 i
. o o 2. 0 0. .28 0.36 MACA 0012
t 30 2 3 2.22 oﬂ o.?3 k.28 0.36 NACA .0012 ,
; 30 :z 2.3 043 0.9 L.28 0.36 NACA 0012
o : 2.3 o043 0,59 L2 0.3 MACA .0012
30 +39 2,% oJi3 0.9 L.28 0.36 ¥ACA .0012
! o 2. 0 0. L.28 0. NACA 0012
. ’g 3 5 e.; oi; o.gg L.28 o.;’z BAGA 0012
' 30 *5 2.3 o043 0.5 L.28 , 0.3 XACA ,0012
30 2.5 2.4 o. 0. L.28 0. ¥ACA .0012 I
‘ 0 -2 2.l 0-’32 O-g L.29 0.3’2 MACA .0012 ‘
: , » +1 2hh 0.36 0.59 L.28 0.36 XACA .00)2
; ] o 244 0. 0. L.28 0. EACA 0012
. 0 Do slL 008 o Lies o RAGA 40012
30 0 2,35 038 0.% L4.29 0.36 NACA .00)2
0 + 25 2,36 0,3 0,59 L.28 0.36 NACA 0012
30 +35 2.3 0,36 0,59 L.28 0.36 XACA 0012

,m ruatios in $iw center ocolumm of the tadle refer %0 speaial configurations
and are explaimed in Pigure 7. Ths opbimuam settings are shown in Tabls 6.

.o
1.
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nus 2
TRIN AMGLES OF THE WING-ATTACHED AIIFRAE FOR ZERO PITCHING
MOMENT FOR VARIOUS FLAP SETTINGS AND SPROIAL CONFIGURATIONS
Ratio
Tlap frin % e %4 os Tall Aree Tail
B Angle Main Wing Ssetion
30 0 2,28 o0 0,59 UL.28 0.36 BEACA ,0012
0 +2 2.80 0.0 0.5 L.28 0.36 RACA 0012
% +5.9 2.28 o.‘&o 0.59 L.28 o.* NACA 0012
30 0 2.8 0.0 0,52 L.28 0.3 NACA ,0012
0 +3 228 040 0.52 428 0.36 BACA .00)2
] 6 2288 o0 0. L.20 0.36 NACA 0022
30 o 2,20 0,36 0,52 L.28 0.3% NACa ,0012
0 +l 2,28 0.% 058 L.28 0.% NACA 0012
” Q" 2.28 0.36 00’ h.ZB 0-* NACA .0012
30 + 50 20” 0.28 0.52 h-ﬂﬂ . 0.“ BACA (0012
0 - -” 2.“ oo“ o.? hlzu o'“ m .0012
” + 50 266 0.28 O.? L.28 00” BACA 0012
” +1 2.56 0.28 o.ﬁ h.a‘ o-“ KACA .mm
0 ] 2. 0,28 0.5 L.20 0.,36 NACA 0012
30 *l 2.3 0.28 0.5 L.28 0.3 NACA +0012
30 +l 2.3% 0.32 o0.% L.28 0.36 RACA 0012
0 * 050 2.“ o!? 0-§ hoe‘ oo“ NACA (0012
” 020” 2.“ 0-52 002 'Joza OQ“ WACA (0012
30 e+l 2‘“ 0-’6 0-52 lh“ 00* HACA .@12
0 + lc” 2.“ o-” 0.5 hnea [+ NAGA 0012
30 + L 2.36 0.35 0.52 L.28 0.36 HACA (0012
” - 1'” 2.“ 0.56 O.ﬁ h.ZO 0.“ lAcA .0012
0 - 0 2,3 o. 0.52 428 0,36 NACA .0012
” L 2.” 2.” 0.36 o.& h.a o-“ NACA 0012
The radios in the omter column of the table refer to speoisl configuretions and
are explained in Pigare 7, The optimm settings a:¢ shom in Table 6.
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PRIM ANGLES OF THE WING-ATTACHED AIPRAME POR ZXRO PITCHING
MOMEST FOR VARIOUS FLAP SETTINGS AXD SPECTAL CONFIGURAT:

. Rasio
Irin R at ilogs fail Ares

VXX GE YK Mais wing

2.28 0,37 0.52 0.36
2,28 037 0.5 0.3%
2.28 0.37 O.% 0.36

2.4 0.3 0.9 0.36
= 0k 03 e

2.28 0., 0.5 0.3
2,20 0,32 0.2 0.36
2-2‘ 0 OR O-ﬂ 0 l*

2.28 0.32 OC.5R 0.3
2,28 0.32 0,52 .36
2.28 0,52 0,52 0.36

2.36 0.30 o5 00”
2.8 X ok %%

@l 3
2.3% 0,32 0.8 L.3 0.36

.36 0.3 0.58 0.36
2. [} o o,
2.; go% gog h.” g.’;

228 0.36 052 L.28 0,36
- 2,28 0.3 0.52 L.28 0.36
2,50 2.28 0,3 0.52 L.28 0.

*l‘l
2.
e

|

BE EGE EEE EES
;i

BR BB B

ek £
BE

Plap
m_z!e

30
0
: 3
'é %
§ 30
: %
: )
30
[+]
30
0

0
3
30
[]
»
30
a
30
30
[+
30

iv
{}

18 in the center colusm of the table refsr to speoial ovnfiguratious and
ined in Figure 7. The optimum eettings are shown in Tebls 6,
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TABLE )

THIM ANOLES OF THE WING-ATTACHED AISPRAME POR ZKRO PITCHUNG
MOMENT POR Y..RIOUS FLLP SBTTINGS AND SPECIAL COSFIGURATIONZ

Ras4o
Trin R s ¢t § o il Area Taild

An-le LR min hirg Svetion

250 228 Nics L0012
A5  2.28 L Kt L012
a 2.28 36 KAt 0012

- 25 .28 X264 0012
- o25 2.28 36 A0 L0712
+ 50 2.28 36 BACA 00,2
2.28 Naca .0012
2,28 0.52 36 MALY L0012

+

®”

-l 2.3 ‘ACa JO0X2
”'

6

1§
]

50 2,36 0.£2 Wath .0212
2.% 0.52 NACA 0012

3 2% 028 “ooie
i 2.36 oL3 o.52 36 o2

0 2.28 052  L.28 012
42,50 2.28 o5 L.28 NATA JOu12
‘50” 2-20 002 '.' .28 .0012

- 25 2.28 0.52 4.c3 . NACA 002
"” 2,23 0.52 .78 HACA .0012
4,50 2.28 052 4.%8 36 EACA

+ 50 2,21 oJdé 0.52 L.28 HACA
.50 221 cJdb 0.52 L.28 NAJA 0012
+7.50 2.21 o6 o052 L.28 36 NACK 0012

3
0
30
30
0
10
20
3%
30
[
30
30
0
50
30
[
30
30
0o
30
30
°
30

The ratics in the omver ocolumm of the $abls refer 4o spreaial eonfigurations and
are explained in Figure 7. The opbimm settings are showm 1a Table &,
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TRIM ANCLES OF THE WING-ATTACHED AIAFRAHE FOR 2ER0 PITCRING
MOMENT FOR VARIOUS PLAP SETTINGS AND SPECIAL CONPIGURATIONS

1 192 M R T L -

are sxplsined in Pigure 7.

puseTrp

Py

N

L
TARE 5

Plap Tria Rat ioges
Setbings  ingle
30 ] 2.36 0.3 0.5
[} +1.25 2.36 0.3, o2
30 +4 2.36 0.3 0.52
30 ] 2.3 0.30 0,52
] +l 2,3 0.30 0.5
30 +3 2.3 030 052
3 .2 2,36 0.30 0.52
0 - «50 2.3 0.30 o0.52
m < 109 2.% °l5° 0052
30 «1.25 2.4, 0.235 o052
[ -l 2.y 023 o052
d 0 0 244 0.23 0.5
30 .1:2% AL 0.23 o052
0 el , 24 0.23 o052
. 30 o 24 023 0.5
30 150 2l 0. 0.
0 -1 24y o.g o.g
30 + 50 24l 02l 0.52
30 -3 2,28 0.2, 0.52
0 0 2,28 0.2, o0.52
30 +4 2.28 o2, 0.52
30 -3 2.28 0.24 0.52
o 0 2.28 0.2 0.52
0 ol 2.28 0.2 0,52
0 Bz
{1 0-
¢ Tilthous torpede propellers.

L8
h.28
L.28

L.28
L.28

L.28
L.2a
4.28

h.2a
L.28
L.28
L.28
L.28
L.20

-
4L.28
L.28

P
}.28

h.36
L.

2
k.26

b,
PR

Ratsio
Tail Ares

~Qh ¥ing

0.50
0.50
0.50

0.50
0.50
0.50

0.50
0.50
0.50.

0.50
0.50
0.50

0.50
0.50
0.50

0.50
0.50
0.50

0450
0.50

© 050

0.50
0.350
0.50

0,50
0,50
050

Page 14

Tatll

Sscobion

large Flat
largs Fla%
Large Flad

large Flas
large Flat
large Fla®

large Flas
Large Fla®
large Flat

Largs Flat
Large Flat
large Fla%

Large Flat®
Largs Flat®
large Flat*

Large Flas
large Flat
large Fla%

Large Flest
large Flat
large Flat

Lerge Plat
Large Flat
Large Flat

large Flst
large Plas
Large Flat

Tie ratios in the omter column of thw table refer to speoial configursticas and
The optimum settings axe showm 4in Table

6,
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4 TRIN ANGLES OF THE WING-ATTACIED AIRFBAME FOR ZERO PIICHING
i MMENY POR VARIOUS FLAP SLITIN08 ARD SFECIAL CONFIGURATIONS
w Retio
e Plap Trim R st 1o Tail Ares Tail
* Settings Angle H/C c t/¢ Hain Tiing Section
k
% .30 -2 236 0.3 0.2 4,36 0,50 Large Flat
b 0 =30 236 0.32 o052 4.3 0.50 u;: Flet
5 30 =1.50 2 02, o552 UL.,36 0,50 largs Plat
30 +1.50 2L, o2l o052 U.36 0.50 large Flat
30 1 24h o2l o052 L3 0.50 " large ,0012
1 0 : «50 24l o024 o052 U432 0.50 h:: «0012 4
¥ 2 2l o2l o.m 432 0.50 large 0012
. 30 +1 244 o2y o052 .28 0.50 largs .0012
] +1 ZM 052‘3 0052 ‘“a 0-50 LI:: 0012
” ’2.50 ZM Oaﬂa O‘R h-ﬂb o.ﬁ hm «-0012
30 1 24k o024 o.52 .28 0.50 Large .0012
o : 0 2LL o2y o052 .28 0.50 1.-:: <0012
30 +2 2ili 0.2 0.2 .28 0.50 large .0012
Jo o* ZM Cl.a; 0052 l‘l“ c.% hm »0012
() o* 244 0.2, o052 4.3 O largs 0012
” 01‘ 2#& ola‘ 0352 hl% 0.558 h:: .0012
30 -1 244 02l o052 L.36 0450 Large .0012
o -1 244 o2 o052 U436 0.50 1.53 0017 L
3 Q 2-&‘[ 0.24 0.52 b-“ 0.50 Large 0012
30 +1 204 o, o2 4,36 0.50 Ia »0012
0 +1 24l 0.2 0,52 La36 0.50 hr’:: «0012
” +2 2“& 00213 0052 ha% 0-50 l‘l" +0012
* Optimm _
The ratios in the omter column of icne
are oxglotind i "ﬂ”r":o van the table mefer to special cmfigurat and
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The structure for the optimm oconfigurution was snalysed for
stressss under wing losdings of $00 lbe, per sq. rt. Detail desiga
of this struoture was compluted for one set of fullw-soale wings and
the models were coustruoted. The full-scale wind tunnel tests will
not, howsver, be mads because of divergence of effort from the
glider wersion.

3. Fowered Alrframe (Type C)

Tith the shift of emphasis from glider to powersd vergicns of
KTGFISHER, wind tunnel tests were modified to provide desiga infeer-
mtion for powared airframez. Mamy of the glider dsta, ss well es
the wind tumiel models, have proved useful in this other application.
In partioular, studies were sade to determine the rolative merite
of various single- apd twin-engine motor arrsnjements using the
glider model. In Pig. § are listed the relative drags for the
various srraigements of the propulsion unit. It is noted that the
optimm position of the motor was found to0 be aft of the torpedo
and in line with its axis, This desirable configuration for the
wind tunnel model is shown ia Pigurs 8. :/ith this arrangemmt,
however, & slight redustion in propulsive efricisncy is sxpeoted,
bt the asrodynamionl adventage should more than offset this reduo-
tion.

A wind tumel wmodel (1/8 sise) for the Type C KINGPISHER was
prepared, lsasurements were made to deteranius the lift and drag
ccefficients, thoe I/D rutio, snd the trin angles for serc pitohing
moments at coutrol flep settitge of -40°, =30°, -20°, -10°, 0°,
+10°, +20°,430°, wnd +40° These quantities were determined
for various positions of the ocanter of gravity and fuor four
different wing sections, Pipires T and 8 give the comparison of
these quantities for the wing seotions tested. These wing ssotions
varied mainly in the degree the trailing edge was raised abave the
chord line of the basic wing. The ordinates affected were aft of
the 50 chord station. The X/C ratio shown in Pigure 4 equals 31%.

These roverse cambers are listed as a peroent of the root
ohord. A ratio of 2£ vas chosem to satisfy the lift coefficient
required for horisontal flight for a missile of approximately
8,300 1bs. weight,
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KINGFISHER

AFFECT OF MOTOR POSITIONS

u6z 1 1 LI0geq

TWO MOTORS EACH SIDE OF TORPEDO

MOTOR ON TOP OF TORPEDO

MOTOR DIRECTLY ABOVE SHROUD RING

MOTOR DIRECTLY AFT SHROUD RING

MOTOR AFT SHROUD RING — COWLING
UNFRAIRED

MOTOR ON TAIL ~ COWLING IN FRONT
OF SHROUD RING

RELATIVE DRAG
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I, WAVIGATTON

A. STATUS OF DEVELOPEN?

The pursuit-oourse type of homing esployed in BAT is considered insdequate
for use sgainst fast-moving targets. This conslusion is based on ssperience
with BAT, as well ae on rumerous msthemstical studiss. Acocordingly, verious
typea of aourse nevigation are being investigated for XINGFISUER. dny type of
navigation which osuses the aissils to fly a course differing from pursuit
mst cause the misaile to f1y at an angle to the line-of-sight path. Therefore,
the homing referonce axes will be wariable with respsct to the missile axes,
and a mjdr design constiderstion will be to provide adequate ssparation between
homing signals and stobilisation signals, 7The Lmportance of this separation
hss been well established in aotual 72ight tests and in similated flight tests.

Flight tests against moving tarzets have beea mede trith KINGFISHER and
modified BAT missiles at the Torrem Grove, Kew Jersey, Field Stution, The
results of these tests have showed that with s fixed azimuth offset on the
radar axis, oade as s predetermined lesd computation, incresased adcurscy was
obteined. However, when the offset was veriable (some fruction of the angle
betoesn the line-of-sight end missile axis), tne results wers erratio,
Apparently long-period ysw ocscillatiens of missiles produced apprecisble asimuth
error. This effeact has been fully verified in tests with the flight simulator,
details of which are reported below.

Currently, the most favored systea is to stabilise the redar axis along
the line~ofw-pight, independently of sny reference exes in the missile, Redar
error signals, caused by target or missile translation, would then provids
navigation signals for tiae axes o' the refersnce zyro of tho missile, Thia
systen has not yet besu tested on the fligint simulator, An important require-
sent of this systen is thut the natural drift rate o the reforance gyros be
low,

For the spplications wherse low trejectories throughout the I1ight are

sxpected, consideration is boing given to a navigation aystam in whioh pitoh
honing is supplsmented with altitude control.

B. CURRRNT PROGRAN
1. Night Simulstor Tests

A 2eriea of tests with the XI'IOFISHER flight simulator comparing the
performnce of the control systems of the liod O and the lLiod 1 RATS
revealad no signiftcant difference between the t'o systems in respect %o
their accuracy in pitch. lowever, ths .bd 1 system exhibited better
characteristios in rizht-left performance. ‘ifth the [iod 1 system, smaller
right-left dispersious in paths were obtained for flights made under
identical conditions, and there was 1ses tendency for large amplitude,
long pericd (10-to 15-secoad) oscillations to develop.

Following the above-acntioned tests, it wos decided that investiga-
tions of different navigation systems, with a vies toward detornining
the optimum "mavigation fastor® for XING7IS.ER, should have priority
over other similator tests. Considerable modificaticns of the simulster
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' . were required befors these investigations oould be undertaken. A small
stabilised mount for the photooleotrio homing hesd wes tuilt and
installed on the imner platform of the rotation simalator. This mount

. 1a shown in the center of Figure 9. -The mount is stabilized in yuw and
pitoh by s small serve aystem. Signals for controlling the homing head
servos may be derived from gyro references or other sources. At
prosmt, ths wount is omused to turn in yaw and pitch by some proportion
of the angles turned through by the yaw and pitoh giabals of the sim-
lator. This proporticn cen be caried contimiously from 1 to O, thereby ,‘
oovering the complete runge of ocourses betwean the collision and pursuit :
oourses, The navigation courses which will result from tils arrengmsent
of the simulator are the same as those which would result in actual

‘ flight if perfect free gyros were usod as a rsfsrence for the homing
: heed ssrves.

A mumher of tests with the simulator, using the stabilized homing
head, along with the liod 0 BAT oontrol system, mede it spparent that
before any “navigation factor” atell could be used to advantage, a very
offeotive mosns must bes found for damping out long~-period homing cscile
lations which hecome worse ss the smount of navigation is ineressed. a

. very sffective mesns of dwnping out this oscillation is to introducs s
lesd into the homing signals. A lead of about 40° has been found to be
very effective on the simalator.

‘ The faot that the long~period homing oscillation beocomes less damped f
' : as the distance of the glider from the target is lessened makes it
T possidle to use the distance at whioa the oscillation becomes undamped }
l a8 ¢ measure of the demping, /Mhen asesuring the <amping on the simu- .
lstor, the trazslation target carriage is allowed to osolllsto at &

fized distance “rom the rotstion simulator, In successive trisls, this
distence is lessened until a point is found vhere the ysw osoillation
becomes undesped. For mny givem oircuit configuration, tais distance
has been found to be oritiocal.

L Tests of the mavigation system in which the radar axis 1is in-
g dependently stadilized will be made when & stabilised sntenna mount
becomsa available,

8. Altitude Comtrol .

Uith the emphesis of the KILGZISYER program shifted from glider to
poversd missilesa, provision for low flat trajsotories becomes inoressingly
important. r such trajectories, altituds comntrol may be prefeired to
pitch homing with redar sigosls reflected from the tarjet. The prodlmm
of altimeter ooYtrol. has been anslysed,und the results pressnted in

f
E . Report 0D-8-2)1,° Conalusions from this report follow:
3 (s) Altimeter ocatrol offors no appreciable mdvantage for

. a gravity-powered missile.

(b) Altitude infermaticn is probabdbly esseantial for at laast
the early portion of the flight of powered missiles.
| k 1 e Reforence 1, Bibliogrephy, Section IX. ‘
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, . Y Page 34
. (o) Altimeter design dspends in part on the altiwde ot
; - mmm.uumwuny. This
' latter is conditioned by the demire to avoid detec-
' . . ﬂnhyltqtn;lw.mnnbythormk-ﬂl

for torpedo release, It may be nsoessary to release
the torpedo mnnnum.b-en-soomu.mo 1.
Parther oonsideration of this topio will depend on

more speoific formlation of the technique of ‘torpedo
relesss,
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I¥. DTELICEDS
A. STANS OF DEVELOPIENY '

. The intelligsnce syatem under development for Types C, D and P KIMG7ISHER
i3 X-band radar providing homing signajs for asimuth and pitoli. assembly
of the first model for ﬂ.ight and other teate has been ocampleted, This model
:’;.“c"'le intended for Type A KINGPISHER but ia readily sdeptable to

L .

liniaturisation of various oomponents of the intelligenne system, an esaen~
tial requirement fDor Type P, is in process.

——e
st

WRTPI N

Devslopment of an Wi altimeter to replace pitok homing in the oase of lowe
altitade tnjutorhl has bean initiated,

The salimt features of the [irst prototype intelligence system for Typs ¢
3 KINGFISHER are as follows:

y . (1) Antenns system: four-horn model piotured in quarterly Progress
: Report No. 13 sequential soanning,

¢ (2) Ref system: 2J56 or 2J56 magnetron; 1/4 microssoond pulse;
. R msapured power about 36 kw peak; 2,000=cyole repetition rate.

(3) Modulators pulseforming line, hydrogen thyratron (4C38), pulse
. trang former.

' : (4) Recsiver: unbalanced mixer, fixed-tune 80 mo ief smplifier, as
desoribed in usrterly Progress Report llos 1. The pre-aizer
‘ attenuator, required for orystal proteotion at mtnisum rangs,
haa ot yot been included.

(6) AKX Unit: as desoribed in Progress Report No. l.
* (8) video Unit: as desoribed in Quarterly Frogress Report Hoe l.

(7} Elsotronic Power Supply: An elestronic power supply has been
dasigned to operate with a 1l18«volt input at either 400 or
800 cyoles. A mockup was constructed for GO=-cycle operation,
, scaling up the fllter time constants and ueing lorger tubes
in place of certuin T6k tubes in ahort supsly. Commercially
availadls transformers were used, in soms cases of oaly
approximately correct voltage ratios. As a result, soms of
the regulating tubos rua over their specifications, with
resulting short life, but with ressonably good perforuance
during the sarly portion of the life, It was subsequently
found possible to operante this supply at 800 oyclesa. This
lagt feature permits flight tests without awmiting the winde
* ing of special traasformers, since luverters are awvailable
i from the BAT program for converting the 24-wolt d.c, sirplane
supply to 115 volts, 800 cycls a.c,
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(a) Laboratory Tests D

ate: 11

Switoh Tubs Perforsance - The lpptg nl.hgozgnigtmnd to be

o was for, necessitating a modifioation of

the switoh tube gating oirouit to supply the higher voltage witheut
axoeeding gate tude specifiocdtions,

The tude life was found to be quite low, with the average life
less than §0 hours and with some tubes failing in an hour or tw.,
Hew modifications are being prepared to extend the life, some of

which involve also extending the recovery time. The latter, however,

will be tolersble in the present system, sinoe the switoh tubes are
not firod as TR's by the trunsmitted pulse, due to non-duplexing
and looss reoeiving-tranmmitting sntenna coupling. Thus, the
switohing osn be initisted sufficiently in advance of the expested
scho to aliow switoh tube recovery, Three tubes with a new filling
have besn received, whioh requirs only about 1/83 to 1/4 the amount
of oontrol ourrent, and presusmmbly have & mioch longer life. A
recovery time of 20 wioroseconds is charecteristis’ of these tubes,

Systom Performance = The trazsmitter has been shecked for peak
power ow s lrequency, and frequenoy spectrum, and found satias-
factory,

The tranmitter coupling to the AFC converter has basn
adjusted for proper A sotiom.

The awitching seotion (that portion of the r-f plumbing wherse
the thres receiving horns oconvergs, through the switch tube, into
the conmon converter channel) was cheoked for insertion loas
viowed from each of its thres inguts, GCertain differences between
switch tube and TR box characteristios were noted, which required
s slightly different location of the parts. This relocation will
be in future antenns assemblies but oannot be installed in the
test model, As o remlt, a loss of ebout 3 to ¢ decibels through
the present switch seotion is observed, rather tima the approxi-
mately 1.6 decidels obtainable with tho modified desizn.

The local ossillator injection was found to vary slightly,
ncoording to which switch tube was opon. The effoect has no sericus
consequences but is to be eliminated in the untuved mizer now being
designad by the uss of direotional couplers as injecting elenents,
This latter messure is expected also to sccomplian « consideradle
reduction in the amount of asin bang coupling into the sigmal
orystal via the AKX crystel and local cacillater, Tests have
shown that tnis chamnel is now responaible for most of the maia
bang disturbance of tha regeiver.

The over-sll signal-equal-noise asnaitivity was observed
to be about -107 dbw, Allowing for excassive switch section
losses, this is still somewhat loss then can be sohisved withecut
elaborate precsutiona. Modifications of the orystal coupling
circuit and the i-f input etage are in process and show promise.
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A mmber of "reday-width® curves (curves of output error
signal versus target or sizmal gemerator deflection) have besn taken
and are reproduced ia Pigures 10, 11, 12 snd 13. 7The degree of
linsarity was found to be adequate, (The smsitivity, or the angle
at which saturetion coours, is edjustable by meana of a direotiomal
sengitivity control,) The fuot that no reversals of ths ssnse of
the information were observed out to large error angles wes partiou-
larly gratifying. rfigures 10 snd 11 ars for air path only.

Figure 12 shows the distortion of the radar width curve due to
the interposition of a plane polystyrene window in the path. The
window was almost axaotly 1/4 wavelength thick, so that reflections
from the two fages interfered constructively.

Pigure 13 showa how the distortion is removed by dowdling the
polystyreae thickness, for destrustive interferemse. All cwrves
wers taken by rotating the antenma relative to the winlow with the
antenna mouth plans about 1 foot from the vindow. Thus, reflsoted
wave phase relations change very repidly with sngle, snd the test
is Quite rigorous, .

These tests are of importance on ssversl scores. PMirst, they
represent the first over-all tost of the intelligence system,
Seoond, they indicate thxt with & properly designed radome, radome
shapes other than sphericel may de permitted if the serodynmmic
properties are improved thereby. Third, they suggeat that the
radome now mounted in the experimental sirplanme may not be maitable,
Thie radome has a thiokness of 5/32 inoh, ashioh is approximstely
1/5 wavelength (in the dieleotric). This thickness is guite olose
%o 1/4 'mvelensth wnd may well zivs rise to phenomens similer to
those observed with the single window, The effect may be reduced
to tolersbility by the fact that the radoms-antenna spacing is
greatsr in the airplane. Usamirsmeuts are [lanned, dut various
faoctors have preveanted their completion at this time,

The spparatus has bem mounted in a spsoially equipped alre
Plens for flight tests. Two views of the apparatus, less sntennms,
are shomts ia Pigare 14. The antenns wes shown in the last
Progress Report. In the first test, gpod tracking was obtained
on ship targets, but mot good directional infomation, The latter
offect nay have been due to switch tube misbehavior; ons tube
failed about 1/2 hour after the tests, Also, radome sffects may
have contributed to this end. Ranges observed on this test v.ere
lnited to 8 or 7 (nautical) miles on ships, 9 niles on a fairly
large hangar. It wat subssquently chserved that the semsitivity
of the receiver was spproximataly 17 decibels below normal, due
to & fsulty orystal (mixsr) and s maladjustment of the i-f input
oirouit.

In subsequent tests in the xirplane, e« series of minor diffi-
oulties with power supplies, broken connections, sto., prevented
further tracking experience, or mwch more acourate range deter-
aination, Jowever, vary strong echoes havs buen received from
unidmtifiod land objects at ranges cut to 20 miles, under ciroum-
stances such that failure to cbserve them at grsater ranges wes
ooinoidental .
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8. Jiniaturisation snd Developmsnt of IToproved Components

. (a) Ref Davelopmant
A refined switoh aesction was developed for lower insertion loss.

Developnat of the untuned mixer with directional couplers for
looal oscillator injection is proceeding.

Now antenna development 18 being expedited. The recent ahift of
axphasis to powered versiona end mmmller versions has affected the
couras of this development. 8ince the powsred versions will probably
not saploy pitch homing, scamning is required only in asimth. Cou=
ssqumtly, attention is now cancentrated on development of a smaller
antenna of higher gain, Indormtion on the mltiple feed for a lans
or dish is now being essembled, tut less is expected of this type
than of a second, now being investigated. The second type s &
polyrod array ss e primary radiator, i-ith rapid scsn obtained by
switching the point of feed. A mecond array is to bs used for tram-
mission in initial dosigns, st lesst, to awid firing the awitch
tubes with the transmitted pulse. This last effect would be harmful
to mininum range performmnce beomuse of switch tube recovery time,

2K45 klystrons (the thermal tunsd varisty) have been received
and their properties lmve bemn noted. The AL unit ia to be re-

. designoed to scccamodate their thermal time lugs without oecillation.
The new mixer will be "packaged” on the assumption that these tubes
will be employed rather than the 3EB6. The 248 is now the preferred

. tube; in addition, it will not Ye necessery to provide access to &

R mechmmical twning adjustaent, 2J51 1agnetrons (tunable from 8,600 to
9,600 nos othert-ise similar to 2J56-2J68 tubes) hnve Deen received
Bt not experimsnted with, Sulficient 2J56 and 3J68 tubes are
available for yresent experiments; it will presumshly be scme time
befors the tunable faature is required.

- 7irst experiments on ths possible use of the 348 in place of
the 4C35 as the modulator thyrutron show that present tubes cannot
be expected to have a long life under wmuch severe overload dondi-
tions. However, the fact that a life of 80 hours was chaerved

with one tube and 74 hours with another indicates that sufficient
1ife may be attainable with cnly alight modifisution, A very con~
siderable size reduction would, of oourse, be ocbtuined in this onse.

(bd) I=¥ Developments

Effort in the if fleld was directed toward locating and
eliminating the cauase of feedbmok in the coameroially made i-f strips
R and toward modd fication of the inmput cirouit dr iomer noise figure.
§ome Fgogress was nade ia the further development of miniature mmplie
o The printed gircuit spproach. for miniaturisation is xow
. being recpensd.

2 Bee Refersnce 2, Bidliography, Seotion IX.
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{0) Video Devslopment

Several items ars unier simultansous comsideration im the video
odirsuitry, Recaipt of iron-cored coils of high Q spperently makes
possible the construgtion of & 2,000-cycle master osoillator, with &
Bat spuos saving over the 8,000-cycle master oscillator and soale of
four eounter now used to sstablish the 3,000-aycle repetitionm rate.
New soanning gates pensrators based on counting rings are being
studied as more sconomisal replsosments for the present gate gsnersior.
Une of a peak voltwster rather then an mnergy meter to measure the
informtion content of the gated aontrol amplifier is being studied.
The peak voltmeter wuld eliminate or reduce jitter in the directicaal
injormtion due to oscillation in the relgtive position of the gate
md the target echo.

Miniaturisation of the vides cirvuitry is proceeding on lower
priority, this priority to be sdvansed when further types of minmisture
tubes sre avallable.

.
B e g YT ATy W PR APV I w

Ferfortancs of a 80-cyole version of the electromnio power supply
] was found adequate, and the packaging of 800-cyele {or $00<cyole;
' the mupply is desizned to work on eithar) version has bemr sseiined
‘ * to a service contractor,

3¢ Altimeter

. . The developuent of an NI altimeter has been started at the idmerson

) Medio md Phonogreph Corporation. The spparatus will deve.op a voltage

: proporticnsl to altituds, Flyover tests have been completed to abtain
data on the sensitivities requirsd and om oprimum anteana arrangement,

| :

! V. PROFULAION
A. BTAIUS OF DEVELOPEN
Plans for the development of a propulsion unit for KINGFISIER were
initiated during the aurrent quarter. The Duresu of Aercnmitios will supere
vise the development of this unit. as an interim device for ths Type G
miseile, the liguidefusl rooket motors of Project LARK are being oonsidered.
A ost thrust of 800 lba. ia required,
]
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VI, STABILIZATION AND CONTROL
A. STATUS OP DEVELOPMEMT

It 4s planned to stabilise the antenna of xxmusﬂq radar along the
ling=of=sight to the target. Stabilisation to within §°, without unt, s dee
sired. The santenna sssembly, whick will weigh spproximately 30 1bs., will de
free to move, with respect to the alssile, £46° in asimuth and % 30° in piteh.
It i3 planned to effect the stabllisstion by means of a fres gyro aad to
precess the gyro as the line-of-sizht changes by meuns of the radar error eige
oal developed.

Fage 35

Tentatively, it is plasned to stabilise the missile in piteh and roll by
weans of a gyro vertical, The powition of the reference axes is to be oon~
trolled by radar error signals. Control of direction in yww mstion will mot
be aeoesaary because the KINGPISUER turns by bsnking. An alternative system
being given considerstion is to atabilise in pitch and yaw by means of s free
gyro apimning on the axis of roll and to stabilise in roll by means of an
angalar accelerometer.

It is estimated that & servo systam whion will provide stabilization of
the miseile muat De cepable of delivering 1/3 H.P, to each flap of the bird,

Progress cn the developmant of omponants for the stabiligation system
is veported below,

B. CURREN? PROJRCHS
ls antenna Stabilization

The doudle, or "Piggy Beok®, gyro syatem of antensa stabilisation
whiok wes desoribed in the last progress report hes deen abandoned. ZTests
indicate that mutation of the large gyroscope resulted in vicleut oseil-
lations of the antenna. The large size and weight of the whesl, plus the
need for a large motor, were other objection ¢o its use.

Three other systems of motivation for the cntonna stabiliser are well
along in their development,

In the first systum, the antenns is bound ri;idly to the eirfrans at
sl times throwgh gear and worm drives and a olutch mwchanims, This
systen is under development by the Raywond Engineering Laboratories, Ine.,
and employs a refined version of the differeuvial clutch shom in the
previcus Progresa Report. In the later model of this olutoh, both disca
are driven at coustant speed at all times, the differentisl zears are
olininated, and the tilting roller is attachsd to the outjut snaft so
that it will rotate in either direction, dependent on tiw uirection of
roller tilt, and at & speed corresponding to the degree of tilt. The
tilting sction s controlled by a rod projecting through a hollow oemtral
shaft., Thus, the only mmes whioh is reversed {s the smll roller and its
arm, which have a relatively low inertis and are rotating et low speeds,
& schematio diagrem of this device 13 showm in Pigure 15, and a pbote~
groph of this device is ahown in Figure 16,
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In the second system, the sntemae is bound to the sirframe only
through the atifiness of the radar cables and the Iriction of the gimbal

£ bearings, Uliso clutches are being used, If the proper materials sre
* ot chosea for the clutoh faces, the cosfficient of friotion can be kept at
a constant value, independent of the speed. Ths output of such & clutoh
. oen be considersd to be a pure torque whose value is independeut of the

antenna position. In thia manner, the inertia of the anteuna helps to
hold it steady. The sati-lunt mechanism must depend om the spase angalar
velovities of the antenna and not on its velocities relative to the
airfrave., The P. H. Shepard Laboratories are developing this system.

The third system, whioh is being built at uBS, is intermediate to the
other two systems in the degree of rigldity with which it 1a attached to
the airframe. It employs mecall, high-speed, low-inartia, two-phase motors
whioh are geared to the antemna, The mntenns is then free by the ratio of
; its inertia of the motors miltiplied by the square of the gear train ratio.
) The chief virtue of this system is the space gsconomy which it mekes

! feasible. The motors (and possibly the amplifiers) omn be mounted
: direotly on the satemma ginbel, thus freeing vuluable airfrasme space for
: other equipment. As a test of whethsr this conventional system was appli-
cable to untempa stabilization, it was spplied to an artifiocial antenns
. and airframe in the laboratory. Anti-lunt was applied by mixing the
output of a amall generstor with the error signal. This generator was
. goared to the antenna, 50 that its voltags was proportional to velocity.
Hith ths proper ratic of this inverse {sedback to ths error signal, the
. whole systeam could be made “dead beat." Tests oonducted vy rocking the
artificial airfremo in one plané through s conatant angle, at various
velocities, showsd that the antenna held its space orientation within
' R ® for accelerationa up to one radian per second squared, and within
? for acoelerations of five radians per seoond squered. Figure 17 is
l & photograph of s full-size dummy untemna mounted in a gimbal and the
forward frame in such & way & to permit the antenna to look 259 both up
and dowr,, and 60" both to tne port and starboard. Frovision has also
besn mads for mounting 3 freo gyro oa the side of the santenns and allowe
ing it to projeot through the gimbal frame. Sufficient space is available
towards the stern of the antenna for the radar gear, and the whole
assembly will it into the pressut BAT radome,

N A o e TR - T T

Each of the thres antenna stabilization systems eaploys a free gyro
&8 a spade roference, in which the error informatloa is picked up by
photoelectric mesns. ‘iork has besn progressing on modifications to the
Mark 18 gunsight ;yro for this purpose., In Pigure 18 are showz two
modifications to the ifark 18 gyru. This msthod has the advaotages of
not imposing any precessional forces om the gyro and of giving a high
order of sensitivity and a high witage cutput. The gyro on the left
eploys & single phototube which is scanned by a rotating light beam
reflsoted from the gyro wirror and smung in s ciroular path by an offset
rotating mirror, Directionsl information ia obtained by meens of a
commutator on the shaft of the rotating mirror, The gyrv on the right
owploys four miniature phototubes illuminated directly by the light besa
rafleoted from the gyro mirror. This eliminates the rotating mirror and
the commutator but incresses the mumber of tubes necessary in the aiffer-
enoe and mmplifier oircuits, Bxperiments have indicated that, by use of
this modified gyro, it should be sasy to slave the anteama to the redar.
All that is necessary is to rewind the precession ocils already in the

Mark 18 unit and couple them to thw radar cutput through convestional
diodesa.
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A pitoh and yuw simlator for testing the anteuna stabilizer is now
under comstruotion. It consiste of s large gimbal in which the whele
. formard assembly (inoluding the entenns, ita gimbal, the fres gyro, aad
‘ the servo mechanisa) can be mounted. This can then be mads te pitch
and yaw, oither simultameocusly or independently, by means of variadls
speed drives, and the stability of the snteans measured. It 1s intended
to oompare the thres systems of stabilisation now under development.

8, Main Control Serwo

Two driving mechanisms ars under development for the operation of
the main control surfuces. The first of these {s s refinement of the
repidly meshed gear olutoh first employed by XBS for the BAT. Friotion
drive wedgo or V" gears are employed rather than the toothed gears
formerly used. Two female gears are constartly drivem im oprosite
directions and a centrally located male gear is engaged to one or the )
other by means of &« solemoid, snergised from the gyro end redar ampli- ;
fier circuits. This central gear then drives a lead ascrew and rut whioh !
operates the control arm. It 1s hoped that proportioning coumtrol may
be obtained by allowing some slippege of the wedge gears.

The second method is being studied by the Raymond Engineering
Laboratories, Inc., and employs a further modification of the differeutial
olutoh. In oaz version, thres or more tipping rollers are used in an
. . arrangement similar to that described for the mntenna stabilization. In

’ another version, the roller arm 4s hinged snd has a roller on each end,
ane end engaging a oconioal disc and the other a flat diss, and by tipping

‘ the roller on the conical disc, differential action over a large speed

r range is obtained,

R R s tadiand

' ‘ ’ Soms prediminary comsideration and design calculations have also /
been made on the development of a self-contained hydraulic unit which
would be completely sealed and instslled as & puckage.

Cons ideradls progress has been made in the devslopment of ths sngular

1 Rooelerometar as a plckup for roll stabilization. irogressive models are
. shown schematiocnlly in Pigure 19. The firat model, previocusly described,
auploys & spring to cunmter the inertia eleamt. angulur accelsration
ocauges » slight motion of this element relative to the frume which, in
turn, undalencos a differential transformer by novement of the ironm core.
In the second model, the apring was replaced by the mngnetioc force betwemn
. . the armature attachod to the inertia element and ths ocentral leg of an "§"
i core dif'ferential transformer with the primary in the center. This moving
} slsment also changes the area of the air gap betwean it and the cuter
{ legs of the transformer, thus unbalancing the secondary voltages, Using

& similar princizle, s much saaller instrument (liodel 3 in Pigure 19)

was developed. This model is only three inches long in its greatest
. dinension. 1t, too, mploys magnatis centering, tut the output is obtmined

by varying the lengths of the cutar air gaps Dy a rooking motion about a

bearing in the inertia olemsmt.

8ince the accslerations involved are of the order of one radian per
sesoond squared, the foroes spplied to the instrument are very small. How-
ever, the first model had a sensitivity of 10 mv per redian per second
squered, the second model gave up to 100 mv, while the minlature model has
an output of 50 mv for the same acoslerstion,
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YII.. POWER SUPPLY
A. BTATUS OF DEVALOPNEMT

The primary source of energy both for the radar and the two atabilisation
systens is the air strean. Two generators, driven by one or two variable-pitoh
constant-spesd windeills, are to be used. The radar generator will supply
approxirately 1 kw at 400 cps; the serw generator will have similar ocapacity,
ut the exact form of the output mwmits further definition of servo requirements.

First models of the power supply have been built and found satisfmotory in
laboratory tests.

B, CURRENT FROOGRESS

The constant-speed windaill and the s~o/d-o gemerator comvertsd from the
Rolipse Type 8001« motor gensrator, whick wers both described in Qurterly
Progress Report No. 1, were assexbled and tested in the high-speed 12-inch
wind tunnel, Pigure 20 is & photograph which shows the complete powsr supply
in the wind tunnel, Owoillographis records were made of the outputs over s
wide range of load conditions. Regulation of the a-c voltsge and interection
between the d-c and a«c sides were doth pod.

The speed regulation characteristics of the constant-speed windmill wers
within 7 under all load conditious. However, an air velooity of 280 knots
ws required before the windmill could drive the generator under full load.

A pew model of this windmill tas besn designed with 8 bdlades instesd of § and

with a larger hub dismeter. This unit should be capable of delivering more
than sufficiont power ror any generator load now envisaged. Pitoh limit stopa

have alsa been incerporated to remove mny chance of reversal whem starting

:ldor losd. An order has bewn placed for limited praduction of this latest
esign,

Ths gmerator previously desoribed was capable of sufficient power output
and has good rejilation, The frequenvy of the s~c side was 800 cps and the
speed of rotation was 8,000 rpm. It is felt that a lower speed 12 more
dasirsble for operaticn with the windmill drive, and that 400-cycls a.c. is
more dosirable with presently svailable control motors and gyroscopes. Illenge,
& new modifioxtion of the Eclipse iiotor Gemerstor Type 800-1-D has been made.
This machine has new windings throughout exce .t for the d-c armsture and has
the following ratings:

A.Co DJCo

Volts 126 12
Amperes 7.5 80
Spesd 4,000 rm

The muchine will withstand considerable overload., Altermating voltage
regulation is achisved by satureting the field of the a-c gemerator. Az a
result, so long as there is a constant josd on the a~c generator, large load
changes in the d~0 load result in very little change in a~¢ cutput voltage.
8ince this method eliminates the use of oarbon pile regulators and & reoti-
flsr, further tests ars under way to destermine the suitabdlity of this as &
final desiga,

G
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VIII. IUSTERIGTATION

A, STATUS OF DEVELOPMENT

The instrument systes developed for BAT, with some improvements, is being
used for KINGPIBHER flight tests. This system inoludes two recording cameras
withia the missile and two ground stations for obtaining trajeotory data by
optiocal methods. The ommeras within the missile sre emclosed ir rugged cases
%o preserve the records from damage ocsused by impast. Ons cemers pho
an ingtrument panel and the other, the view directly ahead of the miasile.

Considerstion is being given to telemetering systems to supplemsnt the
preaent photographio record systea.

B, CURRENT PROGRESS

A mumber of existing telemetering systems have been studied but none of
these will handle the small voltages from strain gages (suoh as might be used
%0 measure hings mowents) without the addition of d-o amplifiera or other dee
vioes to raise the low voltais to an edequate modulating level, It has bem
found that the pulss-time telometering system under development at NBS can be
used to handle atrain gage outputs directly by using satureble resotors as
phese modulators, It sppears that s oonsidersble saving in space and com-
plexity is possible Dy use of thies schems.

Receiving systoms tor telemetering have been investigated with the object
of simplifying the fisld installation requirsd. A simple reliable system
appeara to be as follows. In the receiver, the refsrence pulse triggesrs a
horisontal switch on a sathode-ray oscillograph. The channsl intslligemve
paluss are applied to the intensity grid and appear on the sorwen as & suoces~
sion of dote, onch of which may be moved laterslly by sppropriate modulation
in the corresponding channgl. 4 rilm moving vertically records the channel
sigmals. This recording system is much simpler than many others which require
eleotromic switching for ohannel separation snd power anplification for driving
recording osoillograph elements., In this recsiver, the efrsct of noise pulsss
iz not as seriocus as is the case with sowe other systens. It is necessary to
separate the reference pulses from the chennel intelligemoe pulses, tut a oer-
tain mmount of random noise oan be tolersted since thore is uo eleotronic
switch to be thrown out of synchronization. As long as the norizontal sweeps
ars properly symohronised, the chanuel sequence is not disturbed. another
proncunced advantage in this receiver is that fuilure of any one or more
ohannsls does not affect tiw reasining chaznsl synchronitetioa.
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