UNCLASSIFIED

AD NUMBER

AD360458

CLASSIFICATION CHANGES

TO: unclassified

FROM: confidential
LIMITATION CHANGES

TO:

Approved for public release, distribution
unlimited

FROM:

Controlling DoD Organization: Defense
Nuclear Agency, Washington, DC 20305.

AUTHORITY

DNA ltr dtd 9 Jun 1982; DNA ltr dtd 9 Jun
1982

THIS PAGE IS UNCLASSIFIED




THIS DOCUMENT IS BEST
QUALITY AVAILABLE. THE
COPY FURNISHED TO DTIC
CONTAINED A SIGNIFICANT
NUMBER OF PAGES WHICH DO
NOT REPRODUCE LEGIBLY.




- DYFENSE DOCUMENTATION CENTER

FOR
SUIENTIFIC AND TECHNICAL INFORMATION

CAMERON STATION ALEXANORIA. VIRGINIA



NOTICE: When government or other drawings, speci-
fications or other data are used for any purpose
other than in connection with a definitcly related
government procurement operation, the U, S.
Government thereby incurs no responsidbility, nor any
obligation whatsoever; and the fact that the Govern-
ment may have formilated, furnished, or in any way
supplied the said drawings, specifications, or other
data 18 not to be regarded by implication or other-
vigse as in apy manner licensing the holder or any
other person or corporation, or conveying any rights
or permission to manufacture, use or sell any
patented invention that may 1n any way be related
thereto.

NOTICE:

THIS DOCUMENT CONTAINS INFORMATION
AFFECTING THE NATIONAL DEFENSE OF
THE UNITED STATES WITHIN THE MEAN-
ING OF THE ESPIONAGE LAWS, TITLE 18,
U.S.C., SECTIONS 793 and 794, THE
TRANSMISSION OR THE REVELATION OF
ITS CONTENTS IN ANY MANNER TO AN
UNAUTHORIZED PERSON IS PROHIBITED

BY LAW.




WT-1667

1818 Sacomenl consists of 42 pages.

e, ot 170 copies, Senes A

f] ol

WAL, % e Yl
R AT C N et M X S
ST Is wydo d e IATIEN A ¥
< Ok N 3 : A sirmvy ATy §
""t:»\nnn\’v';’,'c 4 L A A ddd ) Rk

- o AR R EA SR BOh

Ll 5 v ‘«#- o e Vg w‘«\- RN

pXES LI L o LU ) Al

) f‘b‘“"ﬁ“‘r‘.‘?“ g &;..:’ w AR
oy TRTABER TR 4 . ,..,“...gi‘:&,’r.;;‘?ﬁ
twy ”"\;-,‘-iw AAnedaveien NI M)
TR RN Tt T b
. & < - NTY LR AP D ) 2
“ oyt ¢ Yy, ‘b Ea

* * v L) S

N o N N I L AP L s
‘¥ ‘, roa . j Ty \-",\: 'I“n \_"x‘
R T BRI DIESE IR R
Nogr T AN A e e Y {‘a‘\,;f\g
“ee {3

=

8L

Fo
TR

>,

5

e
--\w\ 5
Fabi
PR m
.
¢ H
L
PH
v
L2,
P
-
."-x
wig” Al
% S
av?
ot R
oo kS N
) ey
> . . /
LR P / ,f:'-»e*"!iﬁ
] W) 7S Ko T N
”
¥
. R B T .'?"‘ .
. e i
: o3 R B
PO R A
" A Ve Var *
" s ot ¥ o
; : , “"‘r\,h.:‘ i anbald
LY ,
H W
LI ‘ ’“‘.“'/ﬂ
. " "
1 g
- o gloar
£ : Y ' /c.‘»!
s a e T
I, m e
JFe s ImESE el
- o7 ety W LTS
FTS v SN
758 RS
o . v o
: NI S
oL ey
o ravianel €« Sk,
¥
. 3
s
« )
i, 4

SATELLITE LAUNCHING from AIRCRAFT {U)

v
.y

Isuance Date: Mav 254, 1960

DEFENSE

This matertal contains tnformation aflecting
e national delense of the United States
VIAIN Ihe meaning of the esplonage laws
Title 18, U. & C., Secs 783 552 "9, v
traasmission or revelatton of which In any
manner {0 an unavihorised person te pro.
hivited by law.

ot
(XN
BIRLY

\y
T
;";‘-: :
;.::’ ’1
ATOMIC SUPPORT AGENCY g‘{
WASHINGTON, D.C s
. 7
!: -
5
25

Y

"Asa

ar s st




WT~1667
OPERATION ARGUS

-

SATELLITE LAUNCHING from AIRCRAFT (U)

Weapons Development Department
U.S. Naval Ordnance Test Station
China Lake, California

FOREIGN ANAIU'SIIU UL oo 2 luhee i3l &F Tind RZFORT BY DDG "'}*L‘u:::

15 NOT AUTHUIICED, ; R

"‘l 3

é'%.:'" 4

v "2

. 5 RUPRRY P - G

Y. 3 cove™ ceves THROUGH §*petsercite 1%
FROM DDOC., C.ete . [t : g A
Aqane. + VS F2RN
This matertal contalne Wermation affecting ‘ P ) W)
the satiemal dxfenes of Ut United Mniee \ £ )
e v N e - U
Thie 18, U, & C., Bocs. T43 cad Y94, the o oo 2goney PR
tranemission o¢ revelition of which W My Sefen . BT e .
w s oed pereen i pro- £ashifinteny v ve wvevd e

MBited by av, fat s
(R

oo

et 2

Lk

)

&

; & Y (;\t‘s

b\ «\»‘:Wo
b q',.
]
RS
.

e a AR

..
S
Of

~
Ty

4
"z

A
¥

LYo
WG
B
' vl e
SN

G‘)
Y
1:}




ABSTRACT

In the fall of 1957 toe Naval Ordnance Test Station (N« ) was studying the {easibility of launch-
irg an obaervation television satallite from an atrcrait. in the spring of !958, when plans for
the Argus experiments were being developed, it was proposed and accepted that the air-launched
vehicle under development at NOTS be utilized to place a scinttliation counter in polar orbit.
This payload was to be used to detect and measure trapped electrons from the nucloar detona~
tions that were to be employed to test the Christofilos theory, The primary instrumentation for
the experiments was carried in Explorer IV, and the NOTS satellite pavioad was to be used as
additional, back-up instrumentation.

The vehicle was to be launched at high altitude 1n a loft maneuver {rom an tMerceptne air-
craft. The vehicle consimed of-a {ive-stage, unguided, salid-fueled ballistic rocket weighing
approximately 2,150 pounds. lIgnition of the rocket motora was staged by electronic timers,
encept for the third stage, which was to be fired at a giv- n angle to the horizon as measured
by an infrared telescope. The first two sages of the vehicle were {in-stabilized, and the last
three were spin-stabilized. The {ifth-stage motcr was retro-mounted. The spinning (ifth stage,
which was to carry the payload, would have acted as a gyroscope and thus maistained orientation
{n inertial space while coasting around to approximately the antipodal point; at this point the ilith-
stage motor, oriented properly with the velocity vector, would have beew {ired, piacing the pay-
load {nto the desired orbit.

Within the span of 6 months the satellite vehicle and pavioad were designed, developed, and
tested, and six compiete systems were manufactured and launched from an F4D-1 aireraft over
the Pacilic Missile Range. Three orbital attempts employing dlagnostic payloads were made in
lace July and early August 1938, and three final attempes to place the payload in orint were made
on 33, 26, and 28 August 1958,

All firings, except the one on 32 August, malfunctioned during {irst-stace propuision. Cryse
tal control of the dlagnostic payload transeitter {requency was lost just prioe to Lauia b on the
32 August firing. Three nossible passes were recardid, but a complete review of the data could
not justify an orbital claim.

A world-wide network of microlock stations was built for tnstrumentation. These stations
were located in New Zealand, the Azores, Alaska, Greenland, ax! Ciuna Lake, Califorma.
These stations were used to gather International Geophvsical Yeal (IGY) data and to monitor the
Explorer [V instrumentation, and were ready to receive U the pllot satellite had been succesaful.

Although NOTS's efforts on this project were not completely succesaful, much valuable infor-
mation was obtained that should be applicable to related projects of the future. ln addition to
thase accomplishmentn al-eady mentioned, the following are particularly simmdicam:

1. The {ly-up aircrait satellite-launch to-hique was successiully demonstrated. This in-
cluded outfitting and calibrating two F4D-! alrcraft for launching vehicles and training four
priots in launching techniques. The launching conditions for all full-scale {irings were within
tolerances, thus the aircralt maneuver reliability and reproducibiity were succesalully demon.
stratad

2. The {otal structure weight of the vehicle was limited to S percent of the overall vehicle
weight. This required the development of three new rocket mators with high performance index.

3. An tgniter was developed and tested under simulated 180,000.(0at altitude.

4. An BM program for computing * ehicle performance, missile tolerances, and ephemerdes
for satellites from doppler data has been developed. This method of computing ephemerides has
been applied to doppler data recetved (rom Explorer [V. A six-degrees-of -[reedam prugram
study has also been completed for determination of orbital trajectories concurremly with stabie
lity studtes.
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5. In the development, manwaciure, and operatton of the microlock ground receiver sta-
tions an improved capablity for t«z.d {requency scan hus been obtatned, and these po:table
stations can now be shipped aaywhere in the world and be set 1nto operation within 3 to 4 hours
alter arrival at the chosen locatton. The data obtained by the NOTS stations are reported to
be among the most useful data that were obtained for IGY and Operation Argus.

6. A 2.3-pound radiation counter and a diagnostic payload of the same weight have been dc-
signed, developed, and manufactured. The radiation-counter payloads were used in tbe last
three orbital attempts,

The report documents the development and testing of the aircraft-launched satellite-vehicle
system and discussus major component developments and tests.

It (s belteved that 1n addition to the contribution made to Operdtion Argus, the experience
galned in this program greatly enhanced the Nation's capabilities in space research and devetop-
ment, and that many of the components developed will {ind a recurring appiicatton in this coun-
try's space program.
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SATELLITE LAUNCHING from AIRCRAFT

VEHICLE AND ORBITAL CONCEPT

For certain applications and {or launching a relatively small payload, a satrilite vehicle
launched {rom an aircraft has many advantages because Gf Its size, relatively low coet, versa-
tility, and general utility. Studies unaertaken prior to (peration Argus indicated that a vehicle
couid be designed waich would be inherently simple to manufacture, transport, asremble, check
out, and launch. The estimated cost was low, and reitability was believed to be high, since the
vehicie would use simple controls and reliable solid-propellant boosters and could be provided
with redundant {iring circuits.

Figure | tllustrates the atrcraft-launched veaicle as originally conceived and the Argus proy-
ect team ouring the early stages of the program.

Table | shows the physical characteriatics of Stages 1 througk $ of the vehucle.

Flgure 2 1llustrates the launching concept and the sequence of various stages from aircraft
launch to orbit.

The satellite vehicle was to be launched at high altitude 1n a loft maneuver by an F4D-1 inter-
ceptor aircradt. The vehicle was designed to place a 2.3-pound paylrad in a §,000-mite orbut,

R was a {ive-s'1ge, unguided, »olid-fuel, ballisti. rocket which weighed approximately 2,150
pounds. lgnition of the rocket motors was to be staged by metering time with electronic devices
except {or the third stage, which was {ired on an angle t0 the horizon as measured by an inlraged
scanner. All stages were t0 be separated {rom the previcus expended stage by thrust {orces at
tgnition, except for the {Uth stage (which was to be disconnecied by a small sepasration chargel.
The {irst two propulsion stages were {in-stabilized and the last three were spin-mabuized. The
{tith-atage motor was retro-mosnted, L. e., its noxzle pointed oppasite to the ather nogzles.

The first lour stages of propulsion were (o give the {Uth stage a hortaontal velocity greater than
that required for ortiting at the altitude o burnout (approximately 50 miles) of the fourth atage.
The spinning (1{th stage would act as a (roscnpe and, therefore, mawtain a Hixed orientation

i nertial space while coasting around to approximate.y the antipodal pout; at this poimt the
{uth- stage motor, oriented properly with the velocity vector, was to be fired, placing the pay-
load 1nto desired orbit,

Figure 3 18 a photograph of a complete vehicle assembly. Fuure 4 shows the vehicle being
muunted on the faunching atrcratt, and Figure 5 18 a photograph of the vehicle during the first
stage of flight.

During the development of the satellite-ehicle system, numerous {actlities and skills availe
able at the Naval Ordnance Test Station (NOTS) were brougit to bear on the program. Practi-
cally all compcnents were designer’, fabricated, and tested in the research and development
laboratorics and the engineering shops. Figures 6 through 10 show a number of the hardware
componems of the propulsion system.

Figure 6 13 a picture of the meta] parts {or one of the {our motars (n the first- and second-
stage cluster. This 13 the HOTROC motor. Fixure « 1s 2 photngraph of the third-stage motor,
which was procured {rog: the Alleghany Ballistic Labaratory. This motor, designated ARL 241,
nese 3 cpet pranaliant charge. Figure 8 ts a photograph of the {ourth-stage 8.0.inch motor and
the payload inte which 1s mounted the fUth-stage retrn rocket. Figure 9 shuws the machining
operition developed for processing the 8.0-inch extruded propellant charge for this motor. The
propellant 18 JPN. Figure 10 13 a photograph of the {ith-stage 3.0-1nch-diamelsr retro rocket.
This motor cmploys extruded double-tase X-14 praopellant, which 18 subsequently machined o
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Pigure 8 Fourth- and [tith-stage motor with satelltie payload.
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TABLE 1| PHYSICAL CHARACTERISTICS OF STAGES | THROUGH $ OF THE VEHICLYS
- Taidal Durne  Stage N ecific drpulve
{tam Weight Stage Suage Towl mT:"‘ Thrust Eant A:a 1b-sex
Weight Weight Impulse )
[ [D) ) ib-eec soc ib n
1ot Slage:
Motor metal parta 142
Propellant _‘_‘S_ 2,158.09 1,511.09 140,500 47 40,490 143 218 soa level
187
2nd Stage:
Motor metal parts 142
Propellant “s
Fins, structure,
fairing, timer _lﬁ 1,511.0% 464.09 140,500 3.47 40,490 187 218 ova level
[Ty}
drd Stage: “
Molor metal parts £ N ’,_:Lﬂ o
Propellant n \';"""{ :
Fairing 10 482,09 105,09 98,058 8 2,724 Vac 280.1 (AltY :" r;;
W30 r";'*.,: F
4h Stage: ey :
Motor metal parts 69 it .
Propeliant 2.8 hy$;;g» :
Fairing and timer .24 29,08 1,59 17,020 ) 1,404 Vac 258 (At £33 7
IS6 Uya: e
e -
SUh Stage: . “:, v g
Paviod 2.2 i %
Motor metal parts 0.8 teN J
Propeliant .73 348 A1) 1 14 Vac 23210 . 8 L
3.45 s K
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a spherical skape to mate with the motor chamber, Figure 11 shows the static test facility for
the cluster of HOTROC {irst- and second-stage motors.

GROUND LAUNCHING OF STRUCTURAL TEST VEHICLES

Four structural test vehicles were ground launched {rom the NOTS G-2 range to evaluate the
integrity of the vehicle design. Two of these vehicles were instrumented with land-line telem-
etering equipment. Figure 12 shows the vehicle on the ground launcher. Prior to the assembuly
of the rounds for ground-launching tests, static-load tests were made on componerts of the air-
{rame. Figure 13 shows the static-load test set-up for evaluating the bird-cage sccticn of the
airframe.

All ground-launching tests were made in July and August of 1958, These tests employed live
{irst-stage motors. In the {irst test, camera records showed that one of the {irst-stage HOTROC

motors ruptured 0.7 second alter !aunch. Examination of the missile after firing indicated a rup- e VT
tured motor case, which was attributed to a marginal design or cracked propellant charge. Twa " "
additional structural test vehicles were launched on 16 and 17 August, Ground-camera recurds .
showed that beth vehicles falled at approximately 3 secomds after launch near the end of burming 5
of the first-stage motors. These were believed Lo be propulsion failures, The stabih2ing fins 3 3
also failed to withstand the air loads imposed by firing the round on the ground; however, this ] 3
problem would not be present in the normal aircraft launching of the mizssile, ’
In the tinal grouna-tiring test, the 11'st- stage motor blew up on the launcher at ignition, R 8 ;"
{s believed that a faulty propellant charge was the cause of this failure. by
Since all four attempts at ground launchings were unsuccess(ul and attributable to {irst-stage ':2:'?.:"
propulsion problems, every e{{ort was madc to Increase the quality comrol in the manufacture F‘ ;’;
of the propellant charges. The design of the propulsion system was known to be marginal, but WAL
time was ruaning out to meet the deadline; hence, it was necessary to settle {or quality control E-;’:Q
measures in lieu of a redesign of the (irst-stage propulsion unit, F:;,.:i",
XS
AIRFRAME DEVELOPMENT AND AIRCRAFT COMPATIBILITY ‘:,,&;7“
Aerodyramics. The specifications {or the externs’ geometry of the vehicle were determined 5"’";’: 4
after wina-tunnel tests and a series of scale-model {irings in the Aeroballistics Laboratory. Oy

Figure 14 shows the scale models {or (hese tests along with the sabots for use in {iring the
models {rnm a 3-inch gun.

The static aerodynamic stability and dynamic stability of all the rifid-body mores of motion F
were investigated. A quasi-steady analysis of the stability of the vehicle and its various stages [
was worked out and stability criteria established. Figure 13 reveals the atrirame structure or L .
bird-cage poction of the vehicle. i N

A complete six-degreea-of-{recdom stmulation and program has been mechanized for the } Y
[BM 704, making it possible to examine stability concurrently with the determination of orbital 3 E
trajectories., {, .

Sudies of the aerodynamic coeflicients of the {inal vehicle were made at the Naval Ordnance S,
Laboratory, White Oak, Maryland. This data was used by the Naval Proving Ground, Dahigren, E ’
ta make a complete study of the missile performance uttiizing the Naval Ordnance Research 3% 4
Development Center computer factlity. ;; -3

res
*

e 3d

[N

Aerodyramic Heating. Aerodynamis heating was atudied with a radtant-heat facility to deter- i
mine the aouity o the nose cone, payload, and lirst-stage stabdizing {ins, including most of the N )
external structure of the vehicle, to stand the predicted environment. ; RN
ol
Load Criteria. Loads on the vehicle were examined both as an atrborre store and as & {ree- ,"
{light vehicle. Dy
The {in structure was teated for strength and {lutter over a limited range nf conditions oy i’ .
full-scale tests on the NOTS Baker-4 track. Figure 16 shows the veh'rle on the track awaiting :’; e
the fin test, & H
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Figure 10 Fifth-stage retro-rocket motor.
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Figure 11 Static testing of first- and second.stage motor cluster.
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Atrcrait Compatibility and Launching. A compatible wiatallativa of the vehicle on the F4D-1
awrcraft was acueved, The aircraft performance was investigated relative to the determination
vl the cptimum pull-up trajectory {or laurching by the Douglas Aircraft Company (DAC). Also
a limited w.nd-tunnel program was condicted with DAC to investigate the release, launch, and
separation of the vehicle from the atrcraft,

Instrumented dummy sto:es werc {lown on the aircraft to determine aircraft and missile
loads during all phases of the airborne {light from takeo{{ to missie release. Also, after the
LABS gear was calibrated, the maneuver was practiced for consistency without dropping the

4 N
» ’0\

e L T T LY Wy

-
v ﬂ\:f:“‘-?&: Sy

- .
LA o T
i [

figure 16 Vehicle {lutter-fin test on B-4 track.

store, On each run, internal aircraft instrumentation as well as external camera coverage
recorded the aircraft performance,

Four preliminary test {lights were made to ‘etermine U the Fd4D aircraft could perform the
required maneuver for launching the satellite ven.~le. It was learned that the 39-degree pull-up
could be achieved. Two {lights were then successiv'ly made at a 58-degrce pull-up as an aero-
ballistic shape simulating the vehicle was dropped.

istrumentation of the six attempted launchings {or orout revealed the lollowing results;

Desired Launch Average for Six Firings Mintmum Mazximum
Speed, 700 it sec 689 670 %0
Angle of taunch, 39 deg 58 by 60
Altitude, 35,000 (t 37,350 36,800 37,560

Tahle 218 2 summary of the preliminary tests carried out to evaluate the vehicle desigm,
Figure 17 shows a complete vehicle structure recetving {inal inspection 1n the engineering
shop prior 1o heing loaded for subsequent evaluation.

SCINTILLATION COUNTER PAYLOAD

The purpose of the scintiliation counter was to measure beta raduation (n a polar-orbiting

satellite in conjunction with the ATgus experiments ';:1
“
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Operational specifications and circuitry for the instrumemation were provided by James Van
Allen, of the State University of Jowa. Phystcal design and construction, systems compatibility
s'udies, testing, and calibration were accomplishea by personnel of NOTS.

The completed payioad was to measure beta radiation that exceeded 1.5 Mev energy level,
with the information telemetered back to earth via an FM-FM system, modulated by the output
fABLE 2 SUMMARY OF NOTS PROVECT FIELD TEST WORK
Tests conducted at China Lake. California. STV- Structural Test Vehicle.

Number
Dale R::" Range Type of Test of Procesaing *
) instruments
1958
9 Jun 1 G-1 F40 Ancraft 20 pull-up 2 24 hr
11 Jun 2 G-1 F4D Asrcraft $5° puli-up aml drop 22 No dats
13 Jun 3 G-l F4D Aircraf 58° pull-up and drue b3 36 hr
13 Jun 4 G-1 F4D Aircrah $8° pull-up and drop 22 M hr
& Jun 1 G-t Ground launch horizon scanner s s wh
13 Jun 2 G-l Grnund launch heriean scamner 9 s wh
28 Jun 3 G-1 Ground lannch hirrzon Jcanner 2 2wk
* Jul 4 G-l Ground launch horizon scanner “ S wh
19 Jul 1 (V13 F4D Asrcrant SK* pull-up, m drop o2 1wk
19 Jul 2 G-l FAD Asrcraft Sx° puli-ap, n drop 22 I wk
19 Ju) 3 G-t F4D Aircraft $8° pulleup, nrdrop 22 24 hre
23 dul 4 G-1 F4D Aircraft 58 pulleup, nodrop Y 1wk
23 Jul S G-l PAD Atreraft Sa° pull-up and drop 22 M4 b
I3 Jul [] G-1 F4D Arrcraft 5A° pull-up, no drop 22 1 whk
23 Jul ? Gl F4D Aircraft $A® pull-up and drop 2 N
18 Jul 1 G-l Horisoa scanmer launched (rom L]  ak
FID Aircesit
20 Jul 2 G-l Horinon scanmer launched from ] -
F3D Aircran
20 Aug 1 G-l Preliminary launch of STV from 21 S he
F4D Aircratt
4Jul 1 Ge2 Ground lauach STV S0 “Ar
20 Jul \ G-2 Ground lsunch dTV 51 \u coverage
14 Aug 1 G2 Ground launch M1V 54 24 hr
17 Aug H G2 Ground launch 8°'V $4 ~hr
4 R-4 Fin-Flutter Test - -—
& Jun ! R4 Accelerstion 3 \u processuw
15 Aug — - Uress Rebearsal 4 N\one

*Time requited alter (iring for dats pratesaing

of two scalers, which were scaling 64 and 4,096 times. The payload was to lave ¢ ininimum
radiated power of 25 mw, nominally, operating at 108.00 Mc, and with an expected life of 2
weeks. Two standard subcarriers of 960 and 1,300 cycles median frequency werce specified,
Figure 18 shows a complete payload package. Figures 19 through 22 show components of the
payload. Figure 23 shows the timer for the two last-stage motors being assembled in the nose
of the vehicle,

A severe maximum weight limitation of 2.3 pounis for the complete package presented sev-
eral difficult problems 1n design and miniaturization to be solved by the personnel of NOTS. A
weight table {or a completed payload 18 given in Table 3.

The payload development inciuded design of a2 miniaturized RF transmitter using only tran.
sistors, transformerless subcarrier generators using a temperature stabilized R-C type of
frequency control system, and transfnrmeriess FM modulating system {or the RF transmitter.
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These included a mixing preamplilier for adjustment of the modulation indices, with all moxiu- e
lating circults operating {rom the same batteries as the RF transmiiter. "/«:-
Anothe* aufficult prodblem in design was the antenna system. R had two modes of operatidn: L
a0 interim mode, in which RF radiation was to be provided by a moduilied dipole. and the pri- k It
raary mode, provided by means of a turnstile antenna. The turnstie was for omnidirectional .
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Fioure 23 Fourthe and (uth- stage timer being ansembled 10 aast of vohaele,

%
x

raduation after senaration of the pavicad from the nrissite, The interim mode was (o he used
for tracking purposes while the vehi*le was borne by the launc hing plane and d»="7 two phases
of rocket propulsion,

Y wenss e g o

Listrumentation.  The scintillatuin couater constuted of a plastic seinullator cemented to the
face ol 3 ﬁf;- 5199 phatomultiplier tube, with 3 pure-aluminum absorber to hmit the measure- N F
ments to sutficientls hieh energy tevels and a special aluminum collimator (see Figure 191, R
alao rad 3 pulad -hesght diseriminator ta set the energy ievel for counting at 1,5 Mev ar abave,
with scaler vounters of 64 and 4,09 Limes and emitter-lollower nctpyts for keving the aubcar-
TIer generators,
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Included with the instrumentation section was design and construction of a reguiated high-
voltage souvcce, utilizing a transisto: saverter system (see bigure 24),

Tranemitter. The transmitter operated at 105.00 Mc nominally, with the {requency coutrolled
to close tolerance by means cf a third-overtone crystal. The oscillator, utilizing a Type NS00
transistor, operated at 54.00 Mc, driving a doubler-amplifter that utilized two Type 2N500 tran-
sistors in a parallel-grounded base configuration. The FM transmitter delivered 30 mw to the
antenna system, the output level being adjusted to the desired amount by proper selvction of a
bias-resistance, limiting-emitter current 1n the oscillator. This ad)ustment was made prior
to potting in the completed payload.

Frequency modulation of the transmitter was accomplished by varying the voltage applied to
the osctllator, in accordance with the combined subcarrier modulating signal, via the special

TABLE 3 WEIGHT TABLE FOR TYPICAL PAYLOAD
NOTS Project Pavioad, Tvpe A

Weight .

ltems Grams
1. Uuter vase and cover 1o~ !
2 Pant - 1
3. Turnstile antenns, cupa and covers 13
4. Petting compound 115
S, Ratteries (lor 2%4 hour vperativn L)
s, High voltage suppiv «comerter) 35
W Magnetic shield 1u
K Photomultiplier tube (RCA wisie N
9. Colimator e
1, Adapter 4
11 Plastic shield 4
2. Scintillator iplastic 1
1. Pulsedeight discriminator KU
14, Scalera ahree ¢ivtu boarriay 2
1. Tranamurene -2 mu qas 0 . Xasrme Aw o

Totag weignt 2 07 prurele

modulating svstem,  The index of modulation was adidsted by sething the levels of the individual
subcarrier <ienals.  Figure 25 1s the Jircunt diagran o the RF trarsmitter and modulator,

Subcarrier Genetalors, Decause of the weight imitations, it yas necesaary to develop o
new transiormeriess tvpe of subcarrier gencrator  The generators were desigaed 10 operate
1n the standard subcarrier channels of 360 4 §.300 ¢y ey median frequency, They were of
the FM tvpe, bewig deviated petween ¢ 3 percent imits by the off-on tvpe signals from the
emitter-follower outputs of the scalers,

The subcarrier generators were of new design with a low power requirement, using temper-
ature-stabilized RC frequency contiol carcuits, and were stabilized between « 19 C and « 60 C,
The degree of icviation with 3 given signal, versus temperature, was nit linearized. Thizs was
net thought to be nevessary, becadse of the nature of the modulation, 50 long as the {requency
did not aryt oulside of the channel limits. Therefore, o m» divergence of the excursion limita,
with an Increase in temperature, was Ignored

IR >
N F o 4 !
Several tvpes of alternate design were tried, but all nad serious adverse effects. Since i;’\";?‘:: ‘
welt hmitations did not permit 2xe ~4 ron-core inductances of normal dimensions, an attempt 'v;‘l;f,:
Was made to use Dot !pcounce transformers as inductances, as weil as other siteniniature de- g'i‘f"f"; 4
vices. bowe *
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These methods all proved unsatisfactory, as they were highly sensitive to changes in both
supply voltage and temperature, Proper dcviation of their {requency was duficult; the output
wave {orm was very poor, changing radically with deviation of the {requency and with slight

change in supply voitage.

Modulation System. Since no tron-core devices could be used, a modulating ctrcuit {or the
RF transmitter was designed using a Type 2N208 transistor, cperating tn a commor collector
configuration, This modulator varied the voltage applied to the RF oscillator in accordance

Pastic
Scintillator
H.V. Requiator
| PM Tube PHD Scolers

/ (1) 4096

Collimator I I

Abserber Fellower Follower

|

64 409%

Figure 34 Schematic of the scintillator counter.

with the moculation signal. This circutt had unit voitage gain, therehy applying an tdemtical
signal to the oscillator circult as that of the combined modulation signal. It had a stiff blas
circutt (o prevemt distortion of the modulation signal with temperature rises, with a secondary
purpose of bypassing part of the neceasary osctilator current around the modulating transistor.
A modulation pre-amp mixer stage was used to enable proper adjustment vl mudulation levels
and proper combining of the two subcarrier signals tnto & single, complex modulation signal.

Antenna System. A unique system was designed for this application, having good impedances
mat~hine characteristics and radiation efficiency at all times.

In the primary mode 0! sgxreiion, by means of the turnstile configuration, ferd to the first
elements was accomplished by equal 1e:ths of nanlature $0.0hm coaxial . sesion line,
These elements were spaced opposite cach uther on the payload, fed by imi.vidual couphing colls,
180 elecirical degrees apart. The second eicments, also opposite each other, but 90 degreea
from the {irst, scrn fod {rem the {irat elements by means of quarter-wave-p*nung sections
Fach element was fed 90 degrees (rom its resdonave {irst element. This resulted (0 a quadra-
cave evuuration, with each element located physically 90 degrees {rom any adjacent one and
exctted 90 degrees (rem any adracent one.  Fleld-astrength measurements showed the pattern to
be pearly a sphere of radiated signal, with the antenna actually radiating.

Radiaticn in the sevondary mode of aperation was by means of the modiiied dipole. located
tn the nose cone of the missile. This mode was for purpuses of tracking auring the time that
the missile was borre by the lnunching plane and during firing of the first and second rocket
phases of propulsion, Upon firing of the third rocket phase, mode changed to the primary une.

Since no proieberances could be tolerated, the dipole antenna for irterim radiation was nec.
~asarily installed within the (ibergiass nose cone (Figures 46 and 27). N was necessary to ex-
tend the clements along the length of the nose cone, the required length of the elements being
Jpprommately 26 tnches. This fact presented a problem n avoiding cancellation of signal, due

to the nearly parallei placement of the rlemeits. This problem was solved by extending the ele
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ments anly & short distance {rom the pousts ul signal (ved ta & parallel mauner. Fach element
was then spitaled at a 43-degree angle with respect to the longitudinal axis of the nose cone.
This can be visualised bv imagining one (8 looking through the mose cone. At some particular
point, where the slements are spiruled, they would appear to be at right angles with each other.

This modified dipole was {ed 180 electrical degrees apart at the position ul the firet elemratia
of the turnstile, through cotled and shorted turnstile elements. The second set «f elements of
the turnatile were also cotled and shorted out.

Good Impedance match to the transmitter was obtained during both modee of operation, with
encelient louding. Actual (leld strength patiern measurements were not made of the interim
mode of operation, however,

Unique deuign was employed (n providing the requisites (or both modes of operation. R was
necessary Lo provide: (1) turnstile configuration {or (he primary mooe of operation; (3) dipole
conliguration during interim operation; (3) redaining cups in the paylond skin for carcying the
turnatile elements during dipole operation, wikh connection anchore at the center poim of the
payload sidewsll, in each cane; (4) antenna cup covers, upon which the colled turnatile elements
are supported until such time a3 they are required to be extended {or use; (3) a recans of short-
ing out each turnatile element, during dipole operstion, 10 prevent interaction with the trans-
mitter, due to Inductance changes resulting (rom vibeation and shock; (6) & means of (eeding RF
(o the modiiied dipote anlenna during interim operation, {rom the disabied turnstile elements;
and (7) & sure means of {orcing payout of the turnatile elementa, Al such t. e as they are re-
qQuired, ln such a mamner that they would not tangle during thetr emending,

Antenns cups, approzimately 'i-inch deep and } Inch in dlameter were secured iMo holes in
the sidewnll of the paylond, with connecting anchors located at the cemter poimt of Ihe can side.
wall and bottom of each cup. These were for connection of rach [eed Line imernally and each
turnatile element externaily (see Figure 38).

Covers {or each cup were used, upon which were supported the colled turnatile elessents,
Through each cover waa a stranded wire, (or external connection 1o the dipole elements at twe
positions, and {wo jerk wires at the other poaitions, Internally, the stramied wire was A dted
and trimmed 10 three strands, (wo strands being commected directly to the balled witer oid of
each turnstile elememt. This was to pull the end of the wir? Gt ward at much time as the cover
was pulled tway. At time of assembly, the single stysnd was connected,together with the turn.
stile element, Into the connecting anchor, Thia yohe provided the means of forcing payout of
the turnatile element as the cover was ripped awny at separction of the payfoad from the misaile,
R also provided the necessary shorting of the colled turnrtile elememt during dipole operation,

The sequence of doing this was as (ollowe: Kach cover was averlaid on the invwr surface with
2 "tacky wox™, upom which was spirsled ihe turnstite element, starting al the outer edge and
colllag toward the center. The turnsitle elements were of gold plated, annealed, bravded copper
wire, Alter spiraling of the ¢ «a ™, a sort of retaining tasd et was (ashioned by use of & stngle
strand of wire around the cover . rossing the spiraled element 10 rach direction, THC wex was
next dinsotved out by inears ul & dexreaser, and the connection yoke wnstalled (see Figure 39),

Upon assemiNy of the payioad in the misails, the previously prepared anenns element wan
installed tn each cup, (irst placing & amall plug of {iberglass wool within the cup. This wae to
bear against the collrd antenna element to hold the spiral in place, after remaval of the ine
strand bashet, The busket waa removed at the time of asaembly. The cover was then Meid in
Murd by & plece of tape only until (he payload was secure 1n the nose cone of the misstle,

Mier partial insertion of the pay oad (nlo the poae cone, CONMCLION was made (0 the elessents
o the modified dipole and the two Jeek wires At cach of Lhese palnte, the nose come had been
prepared with a larger plece of fiherglass wool, wiich {olded double as the payload was Inmerted,
This provided conawderable presautt akanst each cup cover to hold it in puace until separation
{rom the missile,

Therelore, as the paylond muved oul of the wezs cone, the IMerim dipole elements and the
jerk wires would LIt away (he cover {ram erach antenna cup. The double strand (n each yobe
would start (o pull the (rev end of each elearent out of the cup.  Simultaneoualy, the single strand
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of the yoke would break at the connecting anchor, removing the short from the turnstile element.
Extending of sach element would continue, whether or act the yoke broke away from the end of
the element, due to centrifugal force (rotation is § cps). The Jual strand of the yoke would rip
asuy from the end of sach element, in any event, at the end of payout.

Welght Limitations. In the entire payload, components were given special attention regard-
(g thetr ruggedness aad temperature stability, and the lightest type was selected where there
was a choice. Subassemblies were of pristed-circuit design to enable reduction of weight with-
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Figure 19 Antenna elements.

out sacruficing dependability «*wrever possible. The RF transmitter wus made on a chassts of
brass shim stock, appro™ 1ately crimped and stt{fened to make an extremely ligh assembly,
using atr-care coils stiti*ned with epoxy res\n.

The subcarrter generato? boards were mounted on each side ol the RF transmitter, effectively
shielding the uncoupled radiation cf the transmitter, without extra shielding. This resuited (na
complete tranamitter, subcarrier and modulator assembly weighitg only €3 grams.

Packaging. The completed payload was tn the form of a doughnut, 7', ‘nches tn diameter and
2'y tnches high, with a 3-Inch center hub, (1o which was tnstalled the racket motor for the finat
shase ol propulston,

Rigidity for the entire assembly was ajforded by use of a foam potting compound. This was
used for prevention of adverse effects from vibration, shock, and accelerations. After instal.
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lation of the coaxial tranamission ilnes and antenna retaining cups, flight jumper terminal board
and {ezd-through (nsulators, the entire comainer was given a preliminary potting. Thit was heat-
cured for added strength. The compound was tixa channeled out to permit installation of the var-
fous subassemblies and batteries, illustrated in Figure 0.

The subassemblies and batteries were carefully placed (n the chaanel, 80 as to give good ap-
proximation of balance. Connections wer2 then made to all componeats. All items were placed

Figure 30 Payload case and antenna. n
with their gravity centers at the midpoint of the channel, aa nearly as possible, for gol Jdytamic . )
balance. Good balance was then accomplished by use of a ball-bearing ;imbhil mounted in the hub, e
supported {rom the cetling by a string. Compensations were Lhen made and the (inal patting done, ‘ .
Balance was then again trimmed by slight cutting away of poting material or inserting small cop- 3
per wire at the periphery of the package, when neceasary. : 1
Source of Power. A most important consideration was the power source. From the sart, it ' 3
was borne 1n mind that the prolect could be succesaful only if aesign was in such a manner that ! 1
the various subassemblies and devices required low power consumptions. Excessive power re. ‘ .1
Quirements precluded (he use of commercially available assemblies, Mercury batt¢ries were .
chosen for thetr good characteristics under changes {0 tenperature, ability to cperate in vacuum *
ind for their dcceptable power-versus-weight characteristics. Their dimensions and configura- < ]
tion also were guod., a0 that packaging was less dulicult, § 3
t
H .
Qther Considerations. Printed-circuit {Light Jumper boards were installed in the skin of the D r 3
payload so that external power sources could be used (or ail testing and adjustment, leaving the ‘s 1
internal power sources for actual payioad use. This permitted actuation of the peyload at the y
last moments before takeoff. ' j
It was necessary that the payload provide twtterv power for operation of & squib {iring timer i 1
assembly and that aquib leads be carried through the payioad. This wsa accomplished by ustng 5
common batteries for the high voltage inverter internally and the timer inverter externally. fr 1
Connections were mace via feed-through tnsulators tnstalled in the package skia. § 3
*
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R was necessary to provide a means of increasing RF radiat‘on at an elevation suffictently
high for {inal check with the mtcrolock station, just prior to takeolt uf the launching plane. This
was accomplished by shock exciting a arpole, elevated on a pale, by taping a short section of
each end of the transmission line directly over the interim dipole radiator.

It was found that RF radiation near the scintillator or photomuitiplies caused a change in
count when a voltage was permitted to develop (n that proximity. This was overcome by locat-
ing one of the secondary turnstile elements approaimately midpoint of the complete scintillation
assembly. With the current node and voltage null located in this manner, no adverde effect was
caused.

Another tmpcrtant consideration was the returning of all battery sources 0 a common potnt
at the RF transmitter. By permitting no sources of commna coupling, spurious effects were
not produced.

At the ime of a .«embly, a plece of cotton was purposely contaminated with a radioactive tso-
tope (P2; half life 14.3 days) and placed in the collimator of the scintillation counter {or the pur-
pose of providing a standardizing background count. Continued correct operation ol the payload
was determined in this manner. This method also served to calibrate and adjust the pulse-height
discriminator to the correct energy level of 1.5 Mev.

Tracking. That this system operated eificicntly was attested by the fact that the NOTS micro-
lock station was able to track the missile on the aircraft from takeol{ until missile launch, at
which time function was terminated due to missue fatlure. This was at a distance of approxi-
mately 150 miles with the missile gotng approximately 5 degrees belnw line of sigit, due to
itervening mountatn ranges,

PROGRAMMING SYSTEM

Cne of the most-critical components (n the system 13 believed to have been the horizon trizger.
R was a telescope with a narrow {i12ld of view, and had an infrared sensitive cell at its focus. Nta
cptical axis was at a 12-degree angle with the 7ehicle axis. Figure 31 shows the horizon ncanner
being tnstalled (n the vehicle. When the spinning vehicle, with its spcnt {irst- and second-stage
motors, achieved an attnude of 3 degrees with respect to the local horizontal, IR radiation {rom
the earth’s surface was detected by the [R cell. The cell generated a pulse, which was amplified
by transistor circuitry until {t saturated the output transistor. The saturated output puise was
integrated such that the second-stage motor was to be {ired when the earth's horizon had been
scanned {or at least four times. The purpose of the horizon trigger was to determine the all-
important vehicle attitude at perigee 30 that the second- and third-stage velocitly vectars would
be added 1 the enrrect direction. The horuzon trigger would atfer 3 mewns of nullifying errors
17 Init1u trajectory resulting from first-stage mass asvmmetries, thrust malalignment. and
deviation o trreraft azumuth and vehicle reiease angle.

Before the (irst-stage booater was {ired, a saje separation distance of about 500 feet betueen
atreraft and vehicle was assured with a $.second delay timer. As previously explatned, the
secondds stage booster was f{ired at the end of a coast period by action of the horizon trigger.

The liring system provided an enabling timsr 10 prevent premature operation of the harizon
trigger from the sun or othes sources of R energy. Fourth- and [tfih- stage boosters and the
explostve charge to separate these stages wers to be firad hy additianal elertronic timers.

HORIZON-SCANNER TESTS

Four horizon-scanner ground launchings were made {rom the X- 8 launcher to determine the
performance of this component  Test conditions called {or launchirg the scanner on an HPAG
rocket motor at an angle of 55 degrees above the dortzon. This dimi «llwed the scanner to
g0 above the horizon and come to a parallel position relative (o the jTound at which time it was
supposed to fire a spotting charge indicating proper functioning of the scaaner.

Figure 32 shows the scanner test vehicle on the greund launcher prior to firing. The test
results from these firtngs and two aircradt firings were not conclusive. In these tests, the
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premature triggering of the horizon talescope by sun glints indicated the need for an enatling
timer to gate the period of operation.

GROUND RECEIVING STATIONS

Work on receiving stations was initiated with the Explorer sateliite program. A microlock
station was bullt at NOTS and operated in connection with a number of the early sateilite pro-

grams. The unique feature of the NOTS stations is their improved capabuity for rapid {requency

scan. For Operation Arqus, [our additional portabie stations were operated to record doppler
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Figsre 33 Microlock ground-receiver station.
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and telemetering data from Explorer [V. Figure )3 shows a typical microlock ground receiver

station.

Figure )3 shows a packaged atation arriving tn New Zealand, and Figureo 38 and 37 show the
aaticn sites (n Alaska and New Zealand, [ata {rora 350 passes of Explorer IV were sent to

Van Allen at the University of lo

wa.

rom Vanguard D) at a slant range of 3,000 miles
The microlock system 1s designed to recover two tvpes of information, doppler {requency

and telemeturing.
INCLOANE TOLCIVEr SPNRSItL Y

Units with their regulated power supply were air-ireighted by MATS to New Zealand,
Alazka, Greenland, the Agores, and Hawail, where they were operated by NOTS personnel.
Fiure J4 13 a map showing worid-wide coverage and locations ol ground receiver stations.

Toess stations Nave consistently picked up a 10-mw stgnal

Two techniques, called a tracking {titer and a linear detector, are used tn

The basic problem in receivang tow-level signals in the 100-Mc region s detecting them tn
The measure of how well the probiein i3 being solved (s called

the presence of galactic noise
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Flgure 37 Microtock site in New Zealand.
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the sighai-to-noise ratio (S/N), where 8 is the sigmal power and N {s the no'se power, the mag-
nitude of which is directly proportional 10 the required audio bandwidth. The use of the track-

ing {liter as abown in Figure 38 illustrates the principle. The carrier {requency of a satellite,

A8 seen at the recetving station, experiences a shift due to doppler of approximately § kc (as
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Figure 38 Doppler {requency shuft versus time.

determined by receiving station location, orbital parameters, and tranamitter {requency). With
a passive receiving system, this would requtre an audio banrtwidth of at least 8 kc with a result-
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{ng notse power proportional to the 8-kc bandwidth. With an active {ilter tracking the incoming M 8 s
signal, the bandwidth can be reduced to approximately 10 cycies; hence, there s a tremendous g _
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Figure 39 Fquations {or linear and square-law detection.
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reductica 1n noise power with an equivalent increase 1n S N ratio. The increase iv obviously
proportional to the reduction tn bandwidth, or 8,000 to 10,

Linvar detection also warks (o preserve 3 high signal-to-notse ratio. With this methad, after
having once acquired a transmitted signal (by manual search across the expected frequency re.
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gion), a local circuit generates a goort 2pproximuian of the I OMINE iiai amt the methematics
of the detection process, as indicated tn Figure 39a, demonstrates that the stgnal-to-notso ratio
s pres>oved, This can be contrasted to F.iure 380, where the detection process reduces the
signal-to-noise ratio, especially at i w signal levels,

At the completion of Operation Argus, the ground receiver stations were returned to NOTS
and wock has continued on increasing their portabuity and readiness. During one of the Atlas
ilrings, a receiver station was pul (nto operation within leas than ¢ hours after aircrait delivery
of the station to the seiected sites,

To support the recetver station network, NOTS uscd its IBM computing cemter to dstermine
ephemerides for Explorer IV {rom the doppler data taken {rom the {ive receiving stations.

ORBITAL ATTEMPTS

Three orbita! attempta employtng vehicles with diagmostic payluads were made on 33 July,
12 August, and 22 August. On 25, 26, and 28 August 1938, three additional attempis were made
with the acintillation counter payload aboard. All {irings except the 22 August event malfunc-
tioned during the {(rat stage as the result of propulsion dilficultics or altitude ignition problems.
On the 32 August launching, crystal control of the pavicad t1ansmitter {requency was lost just
prior tc launch. Three poasihle passcs were recosded but a complete review of the data coult
not Justily an orhital clsim, ~

Table 4 summarizes the major test results in the program and recapitulates the analysis ol
results obtained in the six orbital aitempts.

CONCLUSIONS

The difficult task of develo, . ¢ a complete aircraft-launched satellite-vehicle system and
manufacturing and launching v .icles with payloads for Operation Argus was accomplished
within the short span of 8§ months, This included the development of three new rocket motors,
high-altitude tgniters, an infrared-sensing hortzon trigger, and spectal electronic timers, The
total structural weight of this vehicle was limited to 3 percent of the overall total vehicic weig.

The technique of safely launching satellite vehicles from atreraft at high altitudes 1n a loft
maneuver was succesatully di taonstrated. Acceptable and reproducible inttizl atreralt launch
conditions were obtained by the several pilots wha were trained.

A world-wide network o highly successful port:-ble micreolock ground-receiver stations was
bullt, deployed, and used to obtain valuable NGY and Explorer [V data. Some 370 telemetering
records obtained by these statinns while monitaring Explorer [V {or a period of approximately
30 days were forwarded to the Rate University of Juwa, R has been reported that these data
weres amony the mest uaeful oltained on Explorer IV

The NOTS-develnped atations have an improved capability for rapid {requency scan and can
be tn operation in 3 to § hours froin the time tisey are received at any given lacation,

An IBM program {or computing sateliite vehicle performance, missile tolerances, and
ephemerides (or satellites from doppler da*a has been developed and applied to the data re-
ceived from Explorer (V. A sixe-degrees-af«{reedom progrem study has also been compisted
for determinaticn of orbital trajectories concurrently with stability atudies,

R 18 believed that the expertence pained in this program yreatly enhanced the Nation's capa-
bihities tn space rercarch and development and that mane of the componenta developed wilg find
4 recurring application in thia courtry’s ANCe Program.

This program proves the feambility and sersat-hity of aireraft-launched satellite vehicles.

18 believed that with the expertencs gained in this program, a ligteeight, inexpensive,
Mighly reltadle satellite vehicte of aranance Quality eould e designed and marudactured on 3
short time acale
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