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FOREWORD

Activities summarized in the report include the major space systems,
support programs, defense programs and studies for which the Air Force
Ballistic Missile Division is wholly or partially responsible. Each space
system and program is introduced by a concise history of the ddministra-
tion, concept and objectives, making possible a more meaningful evalva-
tion of the monthly progress information, The program description

- information is revised monthly as necessary to reflect major technical

and administrative changes. These programs must be sufficiently flexible
to permit continvous and effective integration of rapidly occuring
advances in the state-of-the-ort.

Major General, USAF
Commander
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The DISCOVERER Program consisis of the design,
development-and flight testing of 35 two-stage
vehicles, using‘the THOR IRBM as the first stage
booster and the AGENA as the second stage, satellite
vehicle. The program was established early in 1958
under direction of the Advanced Research Project’s
Agency, with technical management assigned to
AFBMD, On 14 November 1959, program respon-
sibility was transferred from ARPA fo the Air Force

bythoSoctﬂcqofDofonu.Pﬁmeonlrudorforthc '

program is lockheed Missile and Space Division.
The DISCOVERER Program will perform space
research in support of the advanced military recon-
naissance satellite programs.

PROGRAM OBJICTIVES
(a) Flight test of the satellite vehicle girframe, pro-
pulsion, guidance and controf systems, auxiliary

power supply, and telemetry, tracking and com-
Mmand equipment.

(b} Atraining . satellite stabilization in orbit.

dc} Obtaining satellite internal thermal environment
data.

(d) Testing of techniques for recovery of a capsule
ejscted from the orbiting satellite.

(e} Testing of ground support equipment and devel-
opment of personnel proficiency. '

(f Conducting bio-mcdicoi experiments with mice
and small primates, including injection into orbit,
re-eniry and recovery. :

PROGRAM SUMMARY

Eorly launches confirmed vehicle flight and satellite
orbit capabilities, developed system reliability, and
established ground support, tracking and data acqui-
sifion requirements. Later in the program, biomedical
‘and advanced engineering payloads will be fiight
tested to obtain support data for more advanced
$pace systems programs. DISCOVERER vehicles are
launched from Vandenberg Air Force Base, with
overall operational control exercised by the Satellite
Test Center, Palo Alté, California.

Tracking and eothmcnd functions are performed by
the stations listed in the Table on page A-4. A history
of DISCOVERER flight to date is given on page A-5.
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AGENA AGENA
SECOND STAGE pn g
Woeight—
inert 1,262 - 1328 1,346
Payload equipment 497 887 915
Orbital 175 2,218 2,216
Impulse propellants 6,525 12,950 12,950
Other ' /] 5N 5N
TOTAL WEIGHT 8,662 15,676 15722
Engine Model YIRS1-Bo-5  XLRS1-Bo-7  ALRS1.Bq-9
" Thrust-lbs,, vac, -15,600 15,400 16,000
Spec. Imp.sec., vae, 77 277 290
Bura timeisec. 120 240 240
THOR BOOSTER Di-18 DM-2) -
Weight—-Dry 6,950 6,300
-Puel 33,700 33,700
Oxidizer (1OX) 68,200 68,200
GROSS WEIGHT (lbs,) 108,850 108,400
Engine : M8-3 M3
Block 1 Block 2
Theust, Ibs, (S.L) 152,000 167 000
Spec. Imp., sec. (S.L) 2478 248.3
Bura Time, sec. 163 148
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Telemetry ships are positioned as required by the
specific mission of each flight. Figures 2 and 3 show
a fypical launch trajectory from Vandenberg Air
Force Base, and figure 3 shows schematically a typ-
ical orbit. An additional objective of this program is
the development of a controlled re-eniry and recov-
ery capability for the payload capsule (Figure 4).
An impact area has been established near the
Hawaiian Islands, and o recovery force activated.
Techniques have been developed for aerial recovery
by C-119 aircraft and for sea recovery by Navy
surface vessels. The recovery phase of the program
has provided advances in re-entry vehicle technol-

* ogy. This information will be used in support of more

advanced projects, including the retum of G manned
satellite from orbiy.

FLIGHT VEHICLE

The three versions of flight test vehicles used in the
‘DISCOVERER Program are defined in the launch
schedule shown on page A-3. Specifications for the
two THOR configurations and three AGENA configu-
rdﬁomuudcnginnonpogoA-'l. :

AGENA VEHICLE DEVELOPMENT
The AGENA vehicle was originally designed by the

Air Force as the basic satellite vehicle for Advanced

Military Reconnaissance Sateliite Systems Programs,

 Basic design was based on use of the ATLAS ICBM

as the first stage. ATLAS trajectory characteristics and
the stringent eccentricity requirements of the
advanced programs led to the selection of a guid-
ance system suited to achieving orbital injection in o
horizontal attitude. As o result, an opftical inertial

system was developed for vehicle guidance and q
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9as jet system for orbital atfitude control. An vrgent
need for attaining higher alfitude orbits resulted in
development of the AGENA “B" versions. The YLR81
Ba-5 version of the LR81-84.3 engine (Bell Hustier
engine developed for B-58 aircraft) is used on
AGENA “A” vehicles. The YLR81-Ba-5 version of this
engine was developed to provide increased perform-
ance through the use of unsymmetrical di-methyl
hydrazine (UDMH) fuel instead of P-4,

Eorly AGENA “B* vehicles will use the YLR81.Bg-7
version of this engine. The majority of AGENA “B*
vehicles will use the XLR81.Ba-9 engine incorporating
a nozzle expansion ralio of 45:1, and providing a
further increase in performance capability including
engine restart and extended burn~capability.

LINES OF SIGHT—HORIZON SENSING
WDLPM-4-228




{Powerod Flight Tmieétbry

®

.y

2. Coust Peried—2.4 minvies duration, fo 380
a.m. downonge; cliitude coatrolied by iner-

’ldnlmm-,hrlmuunf,w

® reaction jets. Receives AGENA fime 1o fire and
L velocity 1o be gained commond. ‘
el 3. Secend Siage Pewered Might—2 minutes

" duration, 1o 770 n.u. downrange. Guided and
mwwmm.m
ZON scanner, gas reaction jels (rolf) gimballing
ongine, yow ond pitch accelerometer—inte-
groted.

Orbital Trajectory

Schematic presentatio

# of orbital trajectory ﬁllwin; lannch

Jrom Vandenberg Air Force Buse. Funciions performed by
. each station und u listing of equipment used by each siation,

is giren un page A-4.

.
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RECOVERY CAPABILITY

This objectire was added to 1he program
after the firss lusnch uchiered rebicle
ight and orbit objeciives swecessiully.
i includes ibe orientation of the satellite
vebicle 1o permit & recoverable capsule 10 -
be ejected from ihe 'wose section of the

AGENA rebicle. Ejection is programined
40 occur on command on the 17th orbis,
for capsule impact within the predeter-
mined recorery avea somth of Huwaii,
Aircraft and surfuce ressels ave deployed
within the area as a recovery force.

CAPSULE RECOVERY SEQUENCE

Capsule ejection command is sems to 1he satelliie by the
Kodiak, Alasha station om -the 16th orbit. The vehicle
19071ents its Position (ses inset) 10 Peymit ejection to occur
OR & re-aniry ivajeciory om the 17th orbis. The recovery cap-
sule .Lcnchu is activated ai abomt 30,000 feet, and 1
beacon transmits « radio signal for sracking purposes.

3,
;"L recovery force is deployed in the recovery (impact) area,
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Fufih"y Equipment* - ' Flight Function ’

Satellite
Test Center

Vandenberg AFB
Point Mugu

Telemetry Ship
{Pvt. Joe E. Mann)

Kodiak, Alaska
(tracking station)

*Kaena Point,
Oahv, Hawaii
{tracking station)

Hickam AFB
Oahv, Hawaii

*Equipment

A. 2UNIVAC 1103-A digital computers H. Plot boords for rodor and TLM.18 tracking data
8. VERLORT (Modified Mod 1) rodar . 1.
C. Tm-18 solf-tracking felemetering antenna
D. Tri-halix- antenna

E. Doppiler range detection oquipment

s

. BCDEFGHIIK Launch, ascent and orbital tracking, telemetry reception, trajectory
- Tmeasurements including fime to ignite second stage. Co
. H DI .
BCDEFGHIJKL Ascent tracking and telemetry data reception, transmits command -
fo ignite and shut down AGENA (via guidance computer).
DF Final stage ascent trbcking and telemetry data reception. '
BDEFGHIJK Orbital tracking and telemetry data reception, including first pass
acquisition, recovery capsule ejection and impact prediction.
BCDEFGHIJK Orbital tracking and telemetry data reception. |

A Ovaer-all control, convert tracking stations data to obtain o pre-
~ dicted orbit and generate subsequent ephemerides issue acquisi-
tion data to tracking stations for subsequent passes, predict

recovery area. :

Qvor-all direction of capsule recovery operations.

Conversion squipment for teletype transmission of radar,

TLM-18 ond doppler tracking data in binary formot

. Acquisition programmer for pre-acquisition direction of
anlennas :

K. Ground command 1o salellite ransmission equipment

F. Telemetry tope

G. Telemetry decommutators for real time dato preseatation

L b o

L. Guidance competer

GROUND SUPPORT FACILITIES



THOR—DM-18 / AGENA “A"

A, B. THOR-—-DM-21 AGB!A b C. THOR—DM-21 / AGENA “B*
 MB-3 Block 1 XLR81-Ba-7 MB-3 Block 2/ XLR81-Bo-9
0 Attained orbit successfully,
@ Failed 1o ottain orbit,
Flight History
DISCOvVERER AGENA THOR )
Ne, Ne. Ne., "~ Right Date Remarks
0 1019 . 160 21 Janvary - AGENA des. malfuncsi A
, v THOR nfw:mzr Nse on ﬂ’:‘; ifz‘
! 1022 163 28 Feb 1959 %;d orbis successfully. Tolemesry received for 514 seconds after
] 1018 170 13 I Attained orbit essfully. Recovery capsule ejected om 17:4 orbir
Apr was sot mam:l-‘ :ﬂl olio':tt'n: exceps ﬁonry :x«u.rf:.lly ah’cvd’.

]} 1020 174 3 June . Lawnch, jom, and orbitel beoss nl. Failod
to an:W ’m‘: a‘f“;‘:v berformance ,f’:“"f',“’af‘ u;'in.

v 1023 179 25 June Same as DISCOVERER 111 » .

' 1029 192 13 August All objectives successfully achievad exceps capssle’ recovery fter
ejection on 17th orbis.

vi 1028 200 19 August Same a5 DISCOVERER V. . ‘

Vil 1051 206 7 November Astained orkit successfully. Lack of 400-cycle power prevensed se-
bilixation on orbis recovery,

Vi 1050 212 20 November  Aucined orbis . A ion preventod AGENA engi
shutdows o Jc‘m‘%;d ity. ;uucr_y capsule q‘«ls‘z:’

_ 8R0S recovered,

IX 1052 218 4 Febrvary THOR sbut down prematurely, Umbilical cord did not resracs,
Quick d:':tmm fzd, wm’n loss of bdin-.;n“um..“

X 1054 223 19 Febrvary THOR destroyed & T plas 36 sec. by Range Safety Officer,

Xi 1055 234 15 April Atcained orbis successtully. Recovery capsale sjected 17th orbi

05 Apri s wof monrz All’ objectives ':5.': mon‘ry“:mu:hll;

achieved,

X 1053 160 29 June

Lansuch, ascent, separation, coass and orbital siage ignition were
.mc:m'itl. Failed 10 achieve orbis becasse of AGENA asitude
during orbital stage boost.

A5



Monthly Progress—DISCOVERER Program
Flight Test Progress '

®  The launch of DISCOVERER Xill is scheduled for
10 August. DISCOVERER XIV is scheduled for 18
August. : :

® DISCOVERER Xl will carry a diagnostic pay.
load in addition to the normal recovery equipment.
This payload contains instrumentation to determine

© capsule environment and the functioning of separa.
tion and Frecovery sequence evenis. A five-channel
telemetry system is installed to transmit this data. To
assure receipt of all data, a tape recorder is pro-
'vided to record the real lime events and capsule

Mﬂhenu during the telemetry “'blackout” period
which occurs when the capsule re-enters the atmos-
phere. After a two-minute fime delay, this stored data

will be transmitted. The high speed of re-entry’

induces ionization over the skin of the capsule which
effectively blocks telemetry transmission. An S-band
transponder is also provided to aid in tracking the
capsule from ejection through recovery.

Technical Progress
Second Stage Vehicles

®  Three AGENA “8* vehicles (XLR-81-Bq.7 engines)
are now in storage following Air Force acceptance,

“A" vebicle (No, 1039) sndergoing

Sysiems tests in the missile assembly bnilding w VQJ‘:"M‘LM Force Base.

Following these checks the fairings will be installed
transported to the lennch bad for installasi

ERER XII is scheduled for lannch ox 10

As

vebicle will be
ion on the THOR booster. DISCOV .
Anguss,




These vehicles will be moved to the Yandenberg Air
Force Base missile assembly building as required for
launch. The first two AGENA “B* vehicles using the
XLR-81Ba-9 engine are undergoing hot firing accept-
ance tests at Santa Cruz Test Base., '

RF Interference Tost Program

® The cause of. improper horizen scanner opera-
tion during the DISCOVERER XiI fight was deter-
mined to be RF interference from the satellite
telemetry transmitter. A modification has been incor-
porated to correct this condition. Subsequent testing

has revealed on RF interference with the scanner at
any frequency or transmitter power level.

Recoviry System Component Test Program

" ® The third and fourth successful balloon drops of

the recovery system series were made at Holloman
Air Force Base on 23 and 27 July. The reiro rocket
and spin/de-spin systems functioned satisfactorily,
These were the second and third successful dynamic
tests of the “'cold gas* spin system. In both test chaff
was dispensed from the pilot chute deployment bag
and did not contact the main chute, indicating that

" the prior interference problem has been solved.

~

SEORgY | e



FUEL AND

¥ oxiDizer
TANK

(‘ SECTION

SPHERE

PLANE

o
SPHERES

ULLAGE ROCKETS

NGINE (UOMH)

| BOOSTIR—ATLAS ICBM
,!l Weight—Waet 13,100
e Feel, 29} 74,900
\ Oxidizer (LOX) 172,300
I GROSS WEIGHT (fis.) 262,900
1 e Engine—MA-2
. Thruet fibe, vac) Boost 356,000
Sustainer. 82,100
l Spec. Imp. (sec. vac.) Boost 284
Susiainer ) -310
. ‘ AOBNA  acoua
SECOND STAGH g
N Welght—
' Inect 1,508 1,605
. i Payload equipment 2,603 :]&”
! Orhirel 4013
lmpuise Propelants 6492 12,950
Fuel (UDMH)
o::a e 606 718
l GROSS WEIGHT (tbe.} 11,211 18421
YiRS1-Ba-5  XLRS1-Bo-9
N "?'.".;.. Ibe. (vac) 15,600 16,000
' Spec. imp., sec. fvac) 277 290
' Bura Time, sec, 120 240
Figare 1.
. The ra cluded
Artists concept of SAMOS satellite, in VS,AMOS Pgh: ';T;; :h
T Line drawing of complete flighs ws '."‘”"n " on
 vebicle (i blfmd detailed view was iransferred fo the
basic AGENA upper stage (lefs). Advanced Research Projects Agency
' ' oerly In 1958. ARPA separated
WS 1AL into the DISCOVERER,
SAMOS and MIDAS Programs with
‘ ' the objectives based on o
' visval and ferret reconnaissance
: NOSE CONE v
: System. On |7

The primary mission of the SAMOS advanced

© Feconnaissance system is fo provide visual and

electronic coverage of the USSR and its allied
nations. Efforis include development of hard-
ware fo permit; . L
a. Delermination of characteristics of enemy
electronic emissions, )
b. Verification of known targets, detection of
unknown fargets, '
<. Locdtion and evaluation of defenses.
d. Evaluation of military and industrial
strength,
o. Assessmentof high-yield weapons damage.
f. Roconuoihring of troop movements,

9. Location of naval forces throughout the
waorld.

B-1’




" Ferret Reconnaissance...

—

Figure 2. Typical SAMOS irajectory, lawnch- so-orbis.

W
cu"tn... ...\ l Cl%
GEE OF ASCENT o, .
STATUTE WLES) e
‘ EnY El.l.lp;;_/ [r———,

Fignre 4. The Ferves reconndissance system will gather data from electronic emissions over areas _qt interess.

" SEORST 5

oy 1M
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US.SR.

VISUAL AND FERRET

/ (rr—

Figure 5.

The initial visnal recomndissance progrem will sse con-
essing and TV -sype electromic image readosit s0 grownd

WDLPM-4-228 -

SBORET

INFORMATION STORAGE

Fi 3.

Schematic of SAMOS system
in operational orbit. When the
sasollite is over the area of
interest the sensing equi)

is turned on (In, fon.
gatbering). When it leaves
the area of interest the ;m;
in ipment is tarned o
o g e
53 », jom storage).
W hen the vebicle comes w‘ilb-
in range of a grownd receiv-
ing station, the data will be
read-ont spom command /or
processing and transmisted to
asing agencies. This process
is comtinsonsly repeated dur-
ing the m'ft[ lifetime of the

vebicle.

Statsons thrs a dasa link. Grownd electronics will recon-
vensional photo sechwiques with astomatic film proc- vert the 5

snso photo # form, with a capabilis
of ruolvi:;:lbim 20 f“‘;"‘”g length. y

B3

—




Bl A T

_. .
LY

B4

)

O3 concept, showmg rece
between satellite and ground siation;

For economical testiny ot ‘coilifonsmts=d idubs
capability visual and ferret payload will be used dur-
ing the early development phase. On later flights
only a visual or ferret system payload will be carried.
These payloads will be housed in the AGENA vehicle
{Figure 1).

Data collected by the visual payloads will be elec-
tronically transmitted in the readout system and
retrieved in the recovery system. Ferret data will be
fransmitted electronically. These. systems are com-
posed of the AGENA vehicle, ATLAS booster, launch
facilities, tracking facilities, and a communications
and data processing network. The recovery system
will also include a re-entry capsule and a recovery
force. .

CONCEPT

ATLAS Series D missiles launched from VAFB will
boost the AGENA vehicle into polar orbits. Injection
info near-circular orbits (Figure 2) will be accom-
plished by the AGENA vehicle rocket engine. A self-
contained guidance system using a horizon reference
scanner will provide altitude stabilization. As the

~ satellite travels in an orbit essentially fixed in space

the earth rotates inside the orbit (Figure 3). Each
successive orbit is displaced laterally approximately
23 % degrees at the equator, permitting one vehicle
to observe the enlire earth in q fime period depend-
ent upon the width of the arec under surveillance.
Early versions will have a useful life of approximately

and :xb:ymm

fanctions (schemasic).

< pep,

Santhiéyso Tireer ouding dapond enllivpon therséful iife
of four months with o design objective in certain
configurations of one year; recovery systems will
bonausofullifoofﬁftnnbihiﬂydays.

load is a photo component test payload which is
combined with the F-1 ferret payload. The E-2 photo-
graphic payload, under development by Eastman
Kodak Company, includes o camera, film Processor,
and electronic readout equipment. The E-5 recover-
able sysiem designed by Lockheed will retain the
exposed film and the 66-inch focal length camera
developed by ltek Corporation,

Ferret Program—Ferret payloads are being devel-
oped on a progressively more advanced basis from
R&D (F-1] to advanced systems (F-4). The F.2 oli.
digital, general coverage payload will use super-
heterodyne scanning receivers in conjunclion with
directional antennas, an analog to digital converter
and tape recorders {for storage). A programmer will
be used to-control read-in over areas of interest and
readout over fracking stafions. The F-3 payload will
use similar receivers with stop-scan capability and
controllable antennas added. Recording of the aclyal
signal intercepted (rather than the digital represen-
tafion) will be possible with o bandwidth up to émc.
A complex programmer will pemmit safellite search
of a given area or frequency range. =~




ATLAS "D'/AGENA "A"

ATLAS "D'7AGENA “B"

SAMOS Launch Schedule

Monthly Progress—SAMOS Program
Technical Progress
Second Stage Vehicles

® The AGENA vehicle for the first SAMOS flight
was delivered to Vandenberg Air Force Base follow-
ing successful captive hot firing tests and completion
of dynamic systems testing ot Santa Cruz Test Base.
The vehicle is proceeding on schedule through modi-
fication and subsystem bench testing in the missile
assembly building. Although impeded by parts short-
ages and the recent strike, schedules are being main-
tained to assure transfer of the vehicle to the launch
pad by 19 August.

® The AGENA vehicies for the second and third
flights are currently in the modification and subsys.
tem test phases at the systems test area. Both vehicles
are behind schedule because of the recent one-
month sirike and parts shorlages. Efforis fo recover
current schedules are dependent upon continued
availability of airborne communications equipment.
The second flight vehicle is short the UHF narrow-
band and wide-band data fink fransmitters. A firm
delivery date is not available from the narrow-band
transmitter contractor; however, o backup flight unit
was received on 25 July. Delivery of a wide-band
transmitter to replace the one used in the first flight
vehicle has been made. The third flight vehicle has

WDLPH 4228
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eight major airbome communications equipment
shortages. Since delivery of these units is not
expected before mid-August, it is doubtful that the
schedule can be recovered.

® The first AGENA “B” vehicle is in the major
subassembly phase of manufaciure. Assembly was

delayed by the recent strike, but every effort is
being made to regain the schedule. °

Visval Reconnaissance Systems

Visual Reconnaissance Systems payloads are being
developed in a minimum number of configurations

. fo attain readout and recovery mission objectives.

The design and purpose of each configuration is
as follows: :
Readout:
E-1—Component Test Payloads
E-2—Steerable Reconnaissance Payload
{with 20-foot ground resolution)
Recovery: '
E-5—High Resolution, Steerable, Recoverable
Payload (with 5-foot ground resolution)
E-6—General Ared Coverage, Recoverable
Payload (with ot least 20-foot ground
resolution)
Payloads
E-1 Payloads—Checkout and testing of the E-1 pay-
load are progressing satisfactorily at Vandenberg
Air Force Base.

BS



Fignre 7. B-1 payload for first SAMOS fighe shose-

ing technician installin, osed, pn’nd

{l;: Mqutuﬂufbc"mwrdonp%
operation. :

E-2 Payloads—Inifial E-2 payload component testing

and assembly is progressing satisfaciorily at Eastman .

Kodak. All components for the first flight payload
{to be carried on the fourth SAMOS fiight) are
assembled and component qualification tests arc
underway prior fo final payload assembly. Environ-
mental lests of the thermal mock-up in the high alti-
fude temperature simulator indicate that successful
environmental control of critical components can be
. achieved under both hot and cold orbital conditions.

E-5 Payload—Development of the E-5 recovery pay-

load continues on schedule. Design releases for the

full-scale test models are nearing complelion and
fabrication of the initial test copsules is in progress.
Wind tunnel tesis of the aerodynamic configuration
hmbteneomplotod,oxcoptfoflhodncktunnd
tests now being conducied at Cornell Aeronautical
Laboratories, Aerodynamic/thermodynamic tests of
the ablative heat shield are scheduled fo begin at
the Avco Corporation test facility in early August, A
series of drop tests were initiated on 11 July ot B
Centro, California to evaluate the merits of a single

large parachute and a cluster of three smaller para-

chutes to determine the most suitable configuration
for capsule final descent. Tests to determine capsule

BS

drag and osdiliaion characteristics during retrieval
info a recovery aircraft have started ot Edwards
Air Force Base.

Grovnd Support Equipment

® Do“vuyofmoiotltunsofmdequlpmonﬂo
Vandenberg Air Force Base in support of the inifial
SAMOS fiights is now complete. The slecironics pack-
age for the visual reconnaissance payload vacuum
Md\cmb«wdsdﬁppodlolhcmwhmbly
building on 20 July. S ’

@ Installation of the E-1 operating console, the sec-
ond set of E-1/E-2 visual reconnaissance ground
reconstruction electronics equipment, and two pri-
mary record cameras in the Yandenberg Alr Force
Base data acquisition and processing building were
completed during the report period. Instaliation of
the UHF equipment required for initial SAMOS oper-
cfions ot the Vandenberg Air Force Base tracking
and acquisition station Is compliele, and the equip-
ment is undergoing systems integration. Also com-
pleted was the installation of the Model 1604
computer. :

® Assembly and checkout of the Programmable
integrated Control Equipment (PICE), 10.be available
fmﬂnth&dmdsobmmmsmghh,m




Figare 8. Aerial view (opposite page,
lower) of the Vandenberg At%mopﬂ‘fu
tracking and dets acquisition station, The
TLM-18 VHF antense is in the spper
of the pictwre and the 60-foor el
and data antensa it in the lower

. Clotenp (right) of the
60-foor UHF tracking and data antenna,
Angle tracker comsole (below) with
equipment racks in the background, This
squipmens is undergoing sysiems inte-
Kration tests,




Figure 9. Checking Programmable Integrased Con-
trol Eguipment (PICE) costrol cabinet operation.
The fivss set is schoduled for installation at Vanden-
berg Air Force Base in Septembey.

progressing on schedule at the contractors facility.

Functional checkout and compatibility tests of set

No. 1 are now in progress. Delivery to the Vanden-

berg Air Force Base tracking and acquisition station
is scheduled for September. Set No. 2, scheduled

for delivery to the Satellite Test Center 60 days afier

completion of Set No. 1, is in final assembly.

Ferret Reconnaissance System

@ Ferret Reconnaissance System payloads are being
developed in a minimum number of configurations.
The designation and purpose of each configuration
is as follows: :

F-1—Component Test Payloads
F-2—Digital General Coverage Payloads

F-3—Specific Mission Payloads—Analog
Presentation

Pigare 10. Adjusting the checkont console signal
iaemor daring functional tc.m'li‘of she F-1

oad, These tests comsiss of checking

readons against calibrated inpass. The telemeiry
monitoring equipmens is in the lefs-band section
of she console.

F-1 Payloads—The F-1 payload, previously deleted
from the first SAMOS flight, was reinstated on 26
July. Checkout and testing of the payload has been

. accelerated at Vandenberg Air Force Base.

Ground Support Equipment

® The F-1 operating console has been delivered
to the data acquisition and processing building at
Vandenberg Air Force Base.

Facilities

® Construction of all facilities required for the first
SAMOS flight is complete, and installation and
checkout of equipment are progressing at a rate
compatible with the scheduled launch date. Systems
tesfing of the Pad 1 complex at Point Arguelio was
completed late in July.

® Bid opening for the Point Arguello diesel gen-
erafor building was held on 26 July. A total of
twelve bids ranging from $184,000 to $249,000
were received,

® The SAMOS laboratory building at Vandenberg
Air Force Base was completed and accepted on 18
July, with minor deficiencies remaining to be cor-
rected. Design of the Vandenberg Air Force Base
helium unloading and storage facility has been initi-
ated with design completion scheduled in early




Figdve 1. AstisPs conception of MIDAS
satellite (right). Drawings below sbow
complete tua-stage flight vebicle (right)
und AGENA "B” second siage rebhicle

(left).
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PROGRAM HISTORY

The MIDAS Program was included in Weapon
System 117L when WS 1171 was transferred
to the Advanced Research Projects Agency.
ARPA subsequently separated WS 1171 into
the DISCOVERER, SAMOS and MIDAS Pro-
grams, with the MIDAS objectives based on
~ on infrared reconnaissance system. The
MIDAS (Missile Defense Alarm System) Pro-
gram was directed by ARPA Order No. 38,
dated 5 November 1958 until transferred to
the Air Force on 17 November 1959, A ten
launch development plan for MIDAS (ws.
239A) has been approved. This R&D Program
should make possible the achievement of an
operational system by 1943, :
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TECHNICAL HISTORY

The MIDAS infrared reconnaissance payload is engl-
modhma:hndardlnunchnhidoeonﬁwm-

. tion. This consists of an ATLAS missile as the first

stage and the AGENA vehicle, powered by a Bell
Alrcraft rocket engine as the second, orbiting stage
{Figure 1). The total payload weight is approximately
1,000 pounds.

ThoﬁMMooflthR&DﬂlghhmodlboAGB{A
“A” and ATLAS “D” vehicle programmed to place
the payload in a circular 261 nautical mile orbit.
Subsequent R&D flights will utilize the ATLAS “D*/

AGENA "8" configuration which will be programmed
fo place the payload in a circular 2,000 nautical mile
polar orbit.

MIDAS 1, launched in February 1960, did not affain
orbit because of a failure during ATLAS/AGENA
sepoaration. : g

MIDAS I, launched in May 1960, was highly success-
ful. Performance with respect to progrommed orbital
parameters was ouistanding. Useful infrared data

were observed and recorded.
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The MIDAS system is designed to provide
confinuous infrared reconnaissance of the
Soviet Union. Surveillance will be con-
ducted by eight satellite vehicles in accy-
rately positioned orbits (Figure 3). The area
under surveillance must be in line-of-sight
view of the scanning satellite. Mission capa-
bilities are shown in Figure 4. The system is
designed to accomplish instantaneous read-

omofceqoinddchbyufloostonoof

three strategicolly located readout stations,
The readout stations transmit the dala
directly to the MIDAS Control Center where
it is processed, displayed, and evaluated
(Figure 5.) if an attack is determined to
be underway, the intelligence is communi-
cated fo a central Department of Defense
Command Post for relay to the President
and all national retaliatory and defense
agencies.
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ATLAS “'D*’/AGENA “B"

MIDAS Launch Scllodulo

Monthly Progress—MIDAS Program
Program Administration

® The Air Force Ballistic Missile Commilies has
avthorized two additional MIDAS flights, designated
RM-1 and RM-2. These flights will be THOR-boosted
and will use AGENA "B" vehicles currently in the
DISCOVERER Program. A background radiometel

~ will be carried rather than an infrared missile defec-

Figure 6. MIDAS ground
the Vandenberg Air Porce

tion payload. These flights will provide infrared
background measurements for a wide variety of con-
ditions, as may exist between arclic and tropical
regions. They will assist in determining the magni-
tude of background radiance in the 2.7 and 4.3
micron absorption range and in establishing the

spatial and spectral background characteristics which

must be known for current as well as future MIDAS
requirements.

entation console installed in
e blockbonse,




Technical Progress
Second Stage Vehicles

®  Assombly of the AGENA “'B vehicle for the third -

MIDAS flight.is proceeding on schedule. Delivery to
the systems test area is scheduled for 3 August. This
is the first MIDAS vehicle to have restart capability.

®  Because of the recent strike, a schedule slippage

has been incurred in the fabrication phase of the

two subsequent AGENA “B“ flight vehicles. The
impact of these schedule slippages is not well defined
at this time,

Infrared Scanner Units

infrared scanner units for flights 3, 4 and 5 are
being manufactured by Baird-Atomic, Inc. and for
flights 6, 7, and 8 by Aerojet-General Corporation.

® Production and organizational changes directed
toward achieving the desired production quality and
delivery rate have been instituted at Baird-Atomic,
Inc. A reevaluation of their infrared delivery schedule
has established 29 August as the delivery date for
the initial flight unit. Five flight payloads are sched-
uled for delivery.

®  Should the results of acceptance testing indicate
the desirability of replacing the drive motors or the

Fal S

turret bearing, larger drive motors have been ordered
and a new bearing is being designed.

¢ Adetailed refiability test program is being devel-
oped for the Aerojet-General advanced infrared
detection payload configuration. In oddition to
developing the service test model of this payload,
Aerojet is now coniracted fo procure long-leadtime
items for the flight payloads. The definitive contract
for this payload is expecied to be completed in
August, '

Facili‘in‘

N

North Pacific Station—Construcion of the Donnelly
Flats, Alaska, technical facilities is proceeding on
schedule. Because of last year's prolonged steel strike
and the late thaw this spring, construction of the sup-
port facilities at Fort Greely, Alaska, will be delayed
approximately two months. Completion is
vled for December.

now sched-

Figare 7. MIDAS duta
o the Satellite Test

Center.




The Communicafions Satellite Program will investi-
gate the feasibility of using synchronously spaced
satellifes as instantaneous repeaters for radio com-
munications. Under ARPA Order No. 54, as
" omended, AFBMD is responsible for the design,
development, and flight testing of the complete
system, including launch, satellite tracking and con-
trol, and necessary support facilities and ground
equipment. The Army Signal Research and Develop-
ment Laboratory has been delegated development
. management responsibility for the microwave com-
munications subsystem as directed by ARPA Order
54,

The Communications Satellite Program is currently
being conducted in accordance with amendment 5,
{dated 11 April 1960) to ARPA Order No. 54, Under
this amendment the previous method of accomplish-
- ing the program objectives in three progressively

Fignre 1. Proposed sawellite with feni.
sonable fairing mounted on CENTAUR
second ./rugc. )

Communicuiions
| Satellite

JETTISONABLE
NOSE FAIRING

MICROWAVE
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EARTH HORIZON
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SOLAR CELL PADDLE

FINAL STAGE VEHICLE
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CENTAUR
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more advanced phases was replaced by a single
integrated effort to which the code name ADVENT
was applied. ADVENT calls for an R&D program for
a 24-hour global communications satellite system.
The feasibility of placing a satellite in a predeter-
mined position in o 19,300 mile equatorial orbit must
be demonsirated. The sateliite must be capable of
providing worldwide communications on a real fime
basis ot microwave frequencies with a high channel
wide bandwidth capacity. Amendment 5 glso
requires the design of o single final stage vehicle for
microwave equipment compatible with launching by

D2

either AGENA “B” or CENTAUR second stage
boosters.

The ADVENT Program, as defined in-Amendment
No. 8, dated 11 July, will consist of the following
flight tests, launched from the Atfantic Missile Range:

a. Three ATLAS/AGENA “p* flights, nominal
5,600 nautical mile orbits.

b. Two flight tests, using payload space on NASA
ATLAS/CENTAUR R&D flights number 9 and 10.

¢c. Five ATLAS/CENTAUR flights lavnched into
19,300 nautical mile equatorial orbits,




Program Adminisiration

®  Amendment No. 8, dated 11 July 1960, 10 ARPA
Order No. 4 approved the ADVENT Development
Plan dated 25 April 1960 with modifications as spec-
ified in the amendment. Amendment No. 8 specified
the following launch schedule:

. Beoster
Lounch Date Beoster  Secend Stage Fonded By

December 1961  ATIAS AGENA “8* ARPA
March 1962 ATIAS AGENA “»” ARPA

June 1962 ATIAS  AGENA “»~ ARPA
December 1962  ATIAS  CENTAUR NASA
February 1963  ATIAS  CENTAUR NASA
March 1963 ATIAS  CENTAUR ARPA
May 1963 ATEIAS  CENTAUR ARPA
July - 1963 ATIAS  cENTAUR ARPA
September 1963 ATIAS  CENTAUR ARPA
November 19063  ATIAS  CENTAUR ARPA

®  Represeniatives of ARPA, United States Army
Signal Research and Development Laboratories
(USARDL), AFBMD and STL met on 28 July and agreed
that in order 1o provide adequate time for design
effort prior fo the first ATLAS/AGENA “B* launch,
the schedule for the first three flights would be as
follows: March 1962, june 1962, and September
1962. As requested by ARPA, a letter will be pre-
pared by AFBMD and forwarded to ARPA presenting
formal justification for this launch schedule,

Technical Progress
Communication Equipment

® Bids have been received for both the 60-foot
avtomatic fracking antenna system for the ground
terminal equipment and the microwave communica-
tion equipment for the satellite and ground terminal.
Evaluation of bids is in progress and will be com-
pleted in August. During this report period, AFBMD
representatives visited USASRDL and parficipated in
the evaluation of the interface areas in connection
with the procurement of the ADVENT communications
equipment. :

® USASRDL has delivered two electrical mock-ups
of the ADVENT satellite antennas to General Elec-
tric. These antennas will be used for conducting tests
on a mock-up of the satellite fo determine the extent
of interference io the saiellite communication anten-
nas, by the telemetering antennas, solar panels and
other external appendages on the satellite,

WDLPM4-228

@ Investigations continved to verify stage-by-stage
and detailed general performance of the proposed
satellite-bone design. A repeater channe! is being
assembled having an input frequency of 8000 kme
and an ouiput frequency of 2000 kme. Considerable
offort is also being expended on investigating
methods of improving overdll satellite package effi-
ciency. Investigation of traveling wave tubes with
respect fo the presently proposed system and pos-
sible future systems has been initiated both internaily
undbyconwhﬁonwﬂhtravdingmhabemcnu—
facturers, :

®  General Hectric is continving o study of design
considerations applicable to the development of a
high capacity instantaneous communication system
for the final stage vehicle. Tasks presently under
investigation include satellite elecironics, reliability,
outer space environment and anti-jamming capa-
bility.

Launch Vehicles

® The Stage | and Stage Il work stalements have
been completed and are being coordinated within
AFBMD prior fo sending them to ARPA for approval.

®  Space Technology Laboratories revised the per-
formance specification recommended for use in the
procurement of ADVENT Stage Il specification ond
the latest NASA/ABMA {Army Ballistic Missile
Agency) CENTAUR engine specification is that the
NASA specification calls for an engine to operate
ot a 5:1 (oxidizer-to-fuel) mixiure and the ADVENT
requires a 5.1:1 mixture. This mixture rafio change
results in a specific impuise degradation (estimated
to be from 420 seconds minimum down fo 418 sec-
onds minimum), but provides an increase of 60 1o
70 pounds in payload capability for the communica-
fion satellite mission. :

Final Stage Vehicle

®  The work statement and cfhchminh for the final
stage vehicle have been completed in final form and
submitted to ARPA for approval.

®  Pending approval of the final stage vehicle work
statement by ARPA, General Electric is continuing
its sustaining effort program of preliminary engi-
neering and design studies, with preliminary devel-
opment tests as required, in the following areas:

1. findl stage vehicle system and subsystem.
2. final stage vehicle configuration.

~CONFIDENTIAL o




3. tracking, telemetry and command {including
instrumentation). -

4. ground support equipment.

'®  AFBMD is evaluating the validity of a General
Electric Missile and Space Vehicle Department
request for funds to purchase laboratory and test
equipment {industrial facilities).

Tracking, Telemeiry and Command Equipment
® A contract has been awarded Philco Corporation

for l'bc mpbﬁm of preliminary design and speci-
fication data 1o meet the ADVENT tracking, telemetry
and command equipment requirements.

Ground Stations

® Site surveys ‘have been conducted on both east
and west coasis of the United States to determine
suitable location for ADVENT ground stations. Air
ond ground surveys of both regions resulted in the
preliminary selection of Fort Dix, New Jersey and
Camp Roberts, California.
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Flight tests of the three ABLE-1 vehicles in 1958 con-

firmed the feasibility of using this three stage vehicle
to launch sateliite payioads on inforplcnefcry space
probe missions, Objectives of the ABLE program wers
further defined in AFBMD Proposals submitted o
NASA and ARPA late in 1958, In October 1958
NASA, given cognizance over the effort, requested

objectives included demonstration of vehicle and
communications capability and performance of sci.
entific research experiments over interplanetary dis-
tances. A four stage vehicle was selected consisting
of a THOR or ATLAS first stage, an ABLE second
stage, ABL 248 solid propellant third stage and the
satellite vehicle fourth stage. A hydrazine engine with

period in excess of one year. An extensive network
of ground sypport stations was established, the most
Powerful of which is the 250-foot ontenna at the
Jodrell Bank Experimental Station, Univcrsﬂy of Man-
chester, England. Central control and datg computa-
tion is accomplished af the Space Navigation Center,
Los Angeles, California, with other military and

centers assisting in tracking and telemetry

Fi 2, ABLB-3 shird s ¢ and
load (abore) with o053 jam

Y
xtended, Drawing of extremel elliptical
:.;Im wcbiened by ABLES el slipsicd

).

E2

according to the specific requirements of each mis-
sion. The flight histories of ABLE-1, ABLE-3, ABLE.4
ATLAS and ABLE-4 THOR are summarized in the fol-
lowing paragraphs, foliowed by a description of the
ABLE-5 projects.

ABLE-1—The ABLE.] Program consisted of three
flights with the object of placing a payload within
the moon's gravitational field. The ABLE.] four-stage
vehicle consisted of three booster stages and q ter-
minal stage composed of eight verier rockets, an-
orbit injection rocket (solid propellant TX8-6) and o
Payload. The booster stages were THOR first stage,
Advanced Re-entry Test Vehicle (AJ10-101 engine)
second silage, and a third stage utilizing the ABLE
X-248-A3 solid propeilant rocket engine. The first
lunar probe was launched on 17 August 1958. The
fight was normal until 73.4 seconds after liftoff when
a turbopump bearing failure caused the booster to
explode. The second Ilunar probe was launched on
10 October 1958, Although the payload did not
reach the vicinity of the moon, a maximum altitude
of 71,700 stature miles was attained and useful sci-
entific data were obtained from the instrumentation. _
The third lungr probe was launched on 8 November
1958. Because the third stage failed to ignite, the
maximum alfitude aftained was 970 statute miles.
The primary program objectives, obtaining scientific
dota in cislunar $pace, were achieved by the Octo-
ber flight, o
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ABLE-3 —This four stage flight vehicle was launched
from the Atlantic Missile Range on 7 August 1959,
The vehicle consisted of a THOR booster, a second
stage using the AJ10-101A rocket engine, a third
stage powered by the ABL-248 A3 engine, and q
fourth stage consisting of the payload and an injec-
tion rocket. in addition fo carrying a highly sophisti-
cated payload, the ABLE-3 (EXPLORER V1) flight was
used to demonsirate the validity of the ABLE-4
vehicle and component configurations. All phases
of the launching were successful and the advanced
scientific observatory satellite was placed in an
extremely elliptical geocentric orbit about the earth.
Trajectory and orbit were -essentially as predicted
with deviations in apogee and periges occurring on
the more than nominal side. The payload was the
most sophisticated to have been placed in orbit by
this nation at the time and contained provisions for
conducting 13 experiments in space environment and
Propagation. A wealth of valuable data was obtained
from satelite telemetry until the last transmission was
received on 6 October. It is believed that the satel-
lite, while yet in orbit, is incapable of generating
sufficient power for transmitting signals due to solar
poddie damage suffered during initial paddle exten-
sion ond the reiultant unfavorable sun “look” angle.

WDLPM4-228

ABLE-4 ATLAS — This vehicle differed from the
ABLE-3 only in that an ATLAS ICBM was used as the
first stage instead of o THOR IRBM. The unsuccessful
launch of the ABLE-4 ATLAS occurred on 26 Novem-
ber 1959, Structural breakup resulted in the third
stage and payload parting from the vehicle approx-
imately 48 seconds after launch. The ATLAS per-
formed as planned over its entire powered flight
trajectory. The trajectory of this flight, from the
Afiantic Missile Range to the vicinity of the moon,
was established to achieve the tightest possible cir-
cular lunar orbit consistent with the highest proba-
bility of success. The final burnout conditions were
fo have provided an inertial velocity of 34,552 feet
per second. The payload was designed to investigate
space environment and propagation effects and o
transmit crude television images of the far side of
the moon. This was the first fiight in which an ATLAS

" ICBM was used as the booster for q multi-stage

space flight.

ABLE-4 THOR-—This vehicle was launched on 11
March from the Atiantic Missile Range and succeeded
in placing the PIONEER V satellite into a solar orbit.
At its closest approach to the sun, the satellite will
pass near the orbit of Venus, and return to intersect .
the orbit of earth at its greatest distance from the
sun. The vehicle consisted of q THOR first stage,
ABLE second stage with AJ10-101 liquid fueled pro-
pulsion system and an STL guidance system, and an
ABL248A-3, solid fuel third stage. The 95 pound pay-
load contains instrumentation for conducting scien-
fific experiments related to magnetic field and radi-
ation phenomena in deep outer space. At 0733

-CONFIDENTIAL B9
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hours EST, on 26 June, the last radio signal was
received from PIONEER V. The transmitter has been
operated throughout the three and one-haif month
period and has demonstrated that, except for the
batteries, the communications link could have been
maintained for a distance significantly greater than
the 50 to 60 million miles originally estimated. At
the time of the last fransmission the vehicle was
twenty-two and one-haif million miles from earth.
Among the firsts accomplished were: the mapping of
the interplanetary magnetic field, the quantitative
measurement of the interaction of the solar wind and
~ the geomagnetic field, the greatest range over which
man has maintained command of an instrumented
space vehicle, the measurement of the inflvence of
the solar wind on the Van Allen radiation belts, and
the first interplanetary probe to carry its own, self-
sustaining auxiliary power supply.

ABLE-5_The ABLE.5 program provides for launch
of two ATLAS-ABLE vehicles to place satellites into
lunar orbits late in 1960. A proposed ATLAS/ABLE
lunar program was submitied to AFBMD by NASA on
4 February 1960, following discussions beiween
AFBMD and the NASA Goddoard Space Flight Center
in Janvary,
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Program Objectives

1. Place a satellite into lunar orbit with an apogee
of 3,000 navfical miles and a perigee of 2,000
nautical miles. -

2. Madintain adequate earth-satellite communica-

fions and establish communications parameters for
future space probes.

3. Demonstrate effeclive guidance system per-
formance, particularly for the satellite vehicle.

4. Successful conduct of payload experiments.

Program Vehicle (see figure 5)

First Stage—ATLAS series D missile General Electric/
Burroughs Corp. Mod 3 guidance system,

Second Stage—ABLE vehicle with Aerojet-General
AJ10-101A propulsion system.

Third Stage—Allegany Ballistic Laboratory ABL-248
solid propeliant rocket, unguided, spin stobilized by
spin rockets fired at termination of second. stage
thrust.

Fourth Stage (Satellite Vehicle)]—Space Technology
Laboratories designed, incorporating an injection
rocket capable of being restarted four times to
increase paylood velocity and two times to decrease
payload velocity. The satellite also contains & telem-
efry system (capable of continvous operation), four
solar cell paddles, and scientific equipment for con-
ducting the experiments. Sateliite vehicle weight is
371.6 pounds.

Launch and Powered Flight

These vehicles will be launched from the Aflantic
Missile Range on a true azimuth of 92.5 degrees.
ATLAS performance parameters have been based
on results obtained from series D R&D flight tests.
Parameters for all four stages are-shown on figure 5.
Final burnout is programmed fo occur 23,290,000
feet from the center of the earth at an inertial
velocity of 34,552 ft./sec.

Orbital Characteristics

Major Axis ............... 0.209848 x 10° feet -
Eccentricity ............... 0.245859 degres
Orbital peried ............ 765.4 minutes
Apolune .................4,303 nautical miles
Perilune .. ... Ceeiaead, 2,605 nautical miles
Duration of eclipses. .. ... ... less than 90 minutes
WDLPM-4-228

Payload Experiments

Scintillation Counter and Pulse Height Analyzer—
measure electron energy (greater than 50 Kev per
particie) and proton energy (greater than 1.0
per particle). -

lon Chamber and Geiger-Muller Tube—flux and
rate data for electron particles (greater than 1.25
Maev per patticle) and proton particles (greater than
25 Mev per particle).

Proportional Counter Expon‘monf-—moawro‘ inte-
grated intensity of cosmic ray parficles: elecirons
greater- than 12 Mev per particle and profons
{greater than 70 Mev per particle).

Spin Search Coil Magnetometer and Phase Com-
parator—map the magnetic field (normal to vehicle
spin axis) and invesfigate very low frequency secular
magnetic field variations. Phase comparaior circuit
uses Spin Search Coil and Flux Gate inputs to deter-
mine magnetic field direction relative fo inerfial
spacs.

Flux Gate Magnetometer—measure magnetic field
parallel to vehicle spin axis.

Micrometecrite Flux and Momentum Experiment
—count impacts of micrometeorites and interplane-
tary dust particles on two differing thresholds,
Plasma Probes Experiment—measure the energy
and momentum of streams of protons having ener-
gies of the order of a few kilovolis per particle,
Low Energy Scintillation Counter—measure the flux
intensity of electrons above 25 Kev and protons
above 500 Kev. :

Ground Support Program

Atlantic Missile Range—track vehicle for first 12
hours after launch {except for a three hour period
starting a few minutes after liftoff), provide ATLAS

*guidance, provide first vernier correction for payload

slage.

Manchester, England—track vehicle for 6 hours,
starting 13 minutes after launch, provide second
vemier correction for payload stage (and additional

corrections as required).
South Point, Hawali—track vehicle for 11 hours

starfing 6 hours after launch, transmission of com-
mands, including vernier corrections as necessary.

Other support stations that will track and record
data from the vehicle during periods of tracking by
the primary stations include Singapore, Goldstone,
Millstone Hill and NASA minitrack stations, and the
SPAN center at Los Angeles.

-CONFIDENTHAL =
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Monthly Progress—ABLE Projects
ABLE-4 THOR (PIONEER 'V SATELLITH)
Flight Statys

® At 0733 hours EST, on 26 June, the last radio
signal from PIONEER V was received. The transmitter
has been operated throughout the three and one-half
month period and has been commanded “ON" over
400 times, During the following week repeated
efforts by the Manchester station failed to establish
communication with the satellite. At the time of the
last transmission the vehicle was 22,462,740 miles
from the earth, traveling ot a velocity (relative 1o the
earth) of 18,621 miles per hour.

Equipment Operation

®  The power conversion system provided reliable
operation. The interference filter and paddie coating
design kept the temperature of the solar cells within
the desired range. Surface coatings and heat sinks
kept all PIONEER v internal temperature within the

proper operating ranges. Operation of afi satellite

cqujpmont was satisfactory.

®  The integrated telemetry, tracking and command
link performed satisfactorily and proved itself an
efficient means of commanding a satellite, tracking
it, and receiving its telemetry using o single system.
The system in PIONEER v demonsirated that, except
for the batteries, the communications link could have
been maintained for a distance aigniﬁcanlly greater
than the 50 10 60 million miles originally estimated,

aond acted as o driver for the 150-wait amplifier
unfil battery degradation would no longer permit
the power drain of that unit. On 8 May, after two

® All other components of PIONEER V except the
sforage batteries have worked sofisfactorily through-
out its communication lifetime, The batteries
degraded gradually in their ability 1o hold o charge
until by 5 June the capacity had dropped to a point
that permitted an average of about two minutes of
transmitter operation. Surprisingly, this capacity was

increased during the last six days and reached a

high of eight minutes,

Scientifie Discoveries

discoveries;

1. An interplanetary magnetic field exists with
o steady magnitude of more than one Gamma and
@ peak of up fo ten Gomma. These fluctuations
observed in the sirength of the field indicate that
the field is disturbed by solar flare aclivity,

2. The planar angle of the inhrplonmry mag-
netic field forms q large angle (about 90 degrees)
with the plane of the elliptic. :

. 3. The exospheric ring current of 25,000 miles
diameter encircles the earth as o giant doughnut at
a distance of 40,000 miles from earth. The five mil-
lion ampere current moves wesiward around the

4. The geophysical magnefic field extends of
times to 45,000 miles and this field osciliates in
intensity in the outermost exos; .

5. The sudden decrease in galactic cosmic rays
(the Forbush decrease) always associated with large

the Forbush-decrease,

é. Penetrating radiation in space is not limited
fto the Van Allen belts. At least during periods of
solar aclivity 5 1o 50 Roenigens per hour are incident
on the satellite. ' ,

7. The energy levels of the parlicles in the Van
Allen radication beits are not commensurate with the
energy levels observed in the solar wind. i must

Summary of PIONEER Vs Firsts in Space
®  Technological

1. The greatest range over which man has main-
tained command of an instrumented space vehicle,

2. The greatest fange over which man-made
object has been tracked,

3. The greatest range from which man has

received telemetry,
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4. The first instrumented space laboratory which
has permitted measurements of the following physical
Properties of interplanetary space.

a. The interplanetary magnelic field,
b. The planor direction of this field.
<. Total flux and energy levels of radiation.

S. The first test of an interplanetary guidance
system component {with no force control of the satel-
lite available).

6. The first interplanetary probe to carry its own,
self-sustaining auxiliary power supply.

7. The greatest velocily of any man-mode vehicle
(P16 fi/sec above escape velocity from earth),

8. The highest powered transmitter ( 150-watis)
ever carried on a space probe mission,

9. The first application of relativistic concepts to
determine the velocity of a man-made object.

@ Sclentific

1. First quantitative mopping of the interplanetary
magnetic field. '

2. First quantitative measurement of the inter-
action of the solar wind and the geomagnetic field.

3. First verification of the exospheric ring current.

4. Discovery that the Forbush decrease is an inter-
planetary phenomenon. .

3. First measurement of the radiation levels of
interplanetary space.

6. First measurement of the influence of the solar
wind on the Van Allen radiation belts.

7. First measurement of the size of the solar sys.
tem using a space probe.

ABLE-S
Program Administration

® Amendment 4 to NASA Order §-2365G, dated
é July, appropriated $135,000 for a Nickel-

Cadmium Bottery Study. The purpose of this study
will be to gather basic information about this type

of battery. This information will be used as a basis
for future design improvements,

Technical Progress
First Stage

® ATLAS 80D is proceeding on schedule toward a
5 August acceptance date. Installation and checkout
of a new autopilot, developed as part of the ATLAS
R&D program, will be accomplished at the contrae.
tor's facility prior to shipment to AMR. The ATLAS
booster contains o production guidance system and
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is standard, except for wiring modifications required
for the space mission.

@ Following delivery 10 the Atantic Missile Range
on 8 August, ATLAS 80D will proceed through o
receiving inspection and a series of hangar checks.
The booster is scheduled to be srected on the stand
on 22 August following successfol completion of the
subsystem and system checks.

®  The Stage I/Stage I transition section has been

virtually completed and will be ready for installation
on the erected ATLAS.

@ ATLAS 91D, the booster for the second flight,
is in fabrication and is proceeding on schedule

+ toward a mid-October delivery date,

Second Stage

®  The second stage vehicle for the first flight has
been delivered to the Space Technology Laboratories
airport facility. The auto-pilot, programmer, guidance
receiver and other electronic units were installed and
compatibility checks performed. The assembled sec-
ond stage vehicle successfully completed o Develop-
ment Engineering Inspection on 26 July. Flight system
tests will be conducted through mid-August and the
vehicle delivered to the AMR on 1 Seplember. On
8 September, following the receiving inspection and
system checks, the second stage will be mated on
the ATLAS booster,

® The first acceptance test firing of the second
stage propulsion system for the ATLAS/ABLE flight
was satisfactorily completed in mid-July. Successful
completion of the dcceptance test program will per-
mit delivery of the unit in mid-August, svbstantially
in advance of the need date for the unit. Telemetry,
guidance and autopilot squipment are also nearing
the end of fabrication and manufacturing tests and
will be insialled in the propulsion unit during the last
half of the month. The complete second stage is
scheduled for shipment 1o the Allantic Missile Range
in late Oclober.

Third Stage

® Three ABL-X-248-A9 engines have been
delivered to Amold Engineering Development Center
|AEDC) for firing in a simulated high altitude envi-
ronment. The tests will measure: engine performance,
characteristics, case surface temperatures and the
600 cycle per second vibration phenomenon.

®  The third stage for the first flight will be delivered
on 12 September and attached to the second stage
on 18 September.




Figure 6. ABLE.-5 bydrazine engine showing injec.

tion vocket morsle, three mitrogen spheves and
related plth‘u. Axtennas axd leads are shows.

Satellite Vehicle

®  The type test sateliite vehicle is in the vacuum
chamber for thermal vacuum festing; the last of the
environmental tests. Other environmental tests suc-
cessfully completed are spin, centrifuge, vibration,
temperature, and humidity. ,

® Assembly and initial electronic testing of the first
flight satellite vehicle has been completed and a
pre-environmental inspection was held during the
week of 18 July. Experiment and performance sensor
calibration was completed and environmental fests
will follow. Calibration of the satellite vehicle in the
new Fanselav coil apparatus has been completed
successfully, .

® The hydrazine engine for flight one has been
installed and the engine for the second flight has
been received.

®  The first flight satellite vehicle will be shipped to
AMR on 1 September, Electrical verification and
functional tests will be conducted prior to mating
with the third stage two days before launch.

® A new experiment, the University of Chicago
solid state detector, will be incorporated into the
second flight payload. Assembly of the vehicle and
electronic testing will begin early in August.
Guidance Equations _ _
® ATLAS guidance equations have been simulated
on the 709 computer and used to guide closed loop
flights. The resulis in terms of errors at the end of

Stage 1Il appear excellent in all respects except look
angles. The look angles can be made satisfactory by

Bs CONFIDENTIAL

changing the look angle restrictions or using the
vnhoof.97of|houomclA'llA$bood¢pifch pro-
gram. Changing the pitch program could-create a
problem of the ATLAS sustainer impacting on the

~African coast. Probability studies are being con-

ducied with the results to be published in August.
Ground Support Equipment

® The fabrication and certification of test van No,

4 is nearing completion. The fest van is undcrgding

* electrical subsystem checkout while connected to the

second stage electrical system, Additional guidance
fransponder evaluation equipment is to be installed
prior fo the first launch.

® Installation and checkout of the new 50-watt
fransmitter for the Advanced Guidance System has
been completed at AMR. .

® The guidance computer chassis and power supply
wiring has been completed. The magnetic drum mem-
ory and logic cards are in fabrication, The computer
is scheduled for initial checkout in mid-August.

Facilities 4 :

@ Conversion of Pad 12 was started in mid-July on
a non-interference basis. Fabrication of the Stage Il
propellant lines and ganiry platforms has started.
Umbilical tower work, umbilical drop test, and associ-
ated tasks which cannot be accomplished on a non-

FPignre 7. Preparing 10 raise the satellite vebicle
icé‘o the new Fan; c0dl prior 10 calibrative mag-
setic sensitivity of Payload experiments.
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interference basis are scheduled for the period 8-22
August, following the launch of ATLAS 32D,

®  Construction of ¢ non-magnetic building to house
a modified Fanselay coil has been completed. The
new building will enable scientists fo calibrate the
magnetic sensitivity of payload instrumentation more
Precisely than has been possible before. The new
coil will also permit calibration of larger payloads.

®  The building, 30 feet in diameter and constructed
entirely of hon-magnetic materials, is located in Sol-
stice Canyon above Malibu Beach (north of Los

_Angeles). The site was selected after extensive tests

for natural or man made magnetic disturbances in
the surrounding earth and air. Temperature stability
was also a factor in the selection of the site due to
the necessity for maintaining close dimensional toler.
dance on the Fanselau coils. To preserve a uniform
magnetic field, the concrete base of the building
does not utilize reinforcing steel. Also, the plywood
wall sections are anchored to the floor by aluminym
bolts and aluminum fittings join" the wall and roof
sections jogether. ’

®  Personnel in the building while the coi Is in

operation will wear clothing containing no magneti-
cally atiractive materials. All support equipment for

the experiments will be located in o van parked

some distance from the building. The magnetic coils
have been installed and the site has been used fo
calibrate the initial flight payload.

the ven thet

R 1

Fi, 8. Model of Fanselex ¢oil (above) showing the six
n"l“”:":lthu ﬂac{r This coil will mm‘:;ddc lerger pz-

bermit moye ise calibration ions coils.
The non-magnetic h:lz::tz‘ boases the coi, (below) and
consains the suppors egxipment,




- A THIRD STAGE—X-248 (Allegany Ballistic Lab.) T~
A

_.’.__..

Thrust at altitude 3130 pounds
Specific impulse (vac) 250 seconds
Totol impulse 116,400 Ibs/3sec
Burning Time ) 37.5 seconds
Propeliant Solid 8
s SECOND STAGE—AJ10-42 (Aerejet-General) i |
Thrust of olmydo 7700 pounds
Specific impulse (vac) . - 271 seconds
" Total impulse (min) 870,000 lbs/sec
Burning time 115 seconds
Propefiont Liquid
c... FIRSY STAGE~THOR IRRM
Thrust (s. 1) 151,500 pownds ¢
Specific impulse (s.1.) 248 seconds )
Specific impulse (vac) 287 seconds
Burning time 158 seconds
Propeliant Uquid
Figure 1. TRANSIT IA three stage flight vebicle.

The TRANSIT Program consists of the flight testing
of six vehicles to place 200-270-pound satellite pay-
loads into circular orbits of 400 to 500 nautical miles.
The program is designed to provide extremely
accurafe, world-wide, ail-weather navigational infor-

mation for use by aircraft, surface and subsurface

vessels, particularly in relation to POLARIS missile
firings. The ARPA Order for TRANSIT 1A was initiated
in September 1958 and amended in April 1959 10

NICKEL-CADMIUM
BATTERIES FOR SOLAR
POWER SYSTEM

LACING RiNG

J_A_L_Sd&

ANTENNA COUPLING
NETWORK

INPRARED SCANNSR
OSCILLATORIS}
SILVER-ZINC
1L2- 100}
BATTERIAS

E BE-SPIN WEISNT
thiamayan RELOASE CABLE

s

TRANSIT 1A' lannched from Aslansic Missile Range

add TRANSIT 18, 2A and 2B flights. The TRANSIT
3A and 3B flights were inifiated by a Navy MIPR,
dated 18 May 1960. Because of the successful
TRANSIT 2A launch and excefient payload perform-
ance the Navy has elected fo launch TRANSIT 3A
rather than 2B. TRANSIT 2B was scheduled fo carry

thcmmotypcpaybodcsmcorﬁcdonthezA
ﬂlght.

The program was originally authorized by ARPA
Order No, 97-60, which assigned AFBMD responsi-
bility for providing the booster vehicles, integrating
payloads to the vehicles, and fiight operations from
launch through attainment of orbit, including com-
munications to the tracking and data handling
facilifies. The TRANSIT project was transferred fo the
Navy on 9 May 1960. The Navy hes now assumed
both the administrative and technical responsibility
for the TRANSIT program. Payload and tracking
responsibility has been assigned to the USN Bureau
of Ordnance. Applied Physics Laboratory is the pay-
load contracior. '
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} UPPER PAYLOAD®

B sTAG AR (Asto-106) » PAYLOAD (36.inch diameter)
Thrust ot altitude 8030 pounds I '
Specific impulse {vac) 278 seconds M
Total impuise (min) 23 X 10° Ihe/sec S 1 3,
el - ] —ravioan se MECHANISM
. 1-% -
A. st stace—mon mau : EQUIPMENT COMPARTMENT
Thewst (s. 1) 151,500 povads _l_
Specific impuite (1.L) - 248 seconds ,” ‘\\ _
. Specific impulss va) 287 saconds ! PROPULSION SYSTEM
Burning time 158 seconds ) l )
Propeiiant Liquid t 54.79 in.
. ' * I:
A '
1 “STAGE I/1i
P SEPARATION PLANE
] e o
1] STAGE | GUIDANCE
: ~ : COMPARTMENT
~—TRANSIT 18, 2A, 3A and 38 | '
] ’ . :
*20-inch diameter (T RANSIT 2A only)
Program Objectives Powered Mlight Trajectory The Powered flight
1. Provide accurate navigational reference informa- frajectory for TRANSITS 1B and 24 is shown and
fion for POLARIS lau , described in the flight irajectory diagram,
2. Precise determination of satellite position by ' Payload Description The spherical payloads are
measuring the doppler shift of satellite transmitted approximately 36 inches in diameter and weigh
radio signals, between 200 and 270 Pounds. Payload equipment
3. Investigate the refractive effect of he lonosphere includes four transmitters (on frequencies of 54, 108,
on radio fransmissions, 162 and 216 megacycies), two receivers, and a gate
4. Acquire oddifional geodetic and geogrophical which permits the insertion of duh.: only when the
data by ision tracking of the orbifing satellite, gate has been opened at a previously scheduled
time. Power for the first five months will be supplied
by batteries, recharged by solar cells located in o
Flight Vehicles TRANSIT 1A consisted of three 12-inch band around the sphere. The TRANSIT 18
stages as shown in Figure 1. TRANSIT 18, 24, 3A payload will also contain an infrared scanner which
and 3B are two-stage vehicles as shown above, will operate for the first four days of orbit. On TRAN-
Launch Plans All vehicles will be launched from SIT 2A o 20-inch sphere, mounted on top of the
Aflantic Missile Range pad 17A or 17B. Lauach 36-inch sphere, will contain instrumentation for
azimuth for TRANSITS 1A and 1B is 44.5 degrees studying solar emissions. The payloads will be spin-
and for TRANSIT 2A,140 degrees. stabilized in orbit,
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N
Flight Time Inertial Speed Downrange Altitude
Point {seconds) Comments {ft/se0) Distance (n.m.) (n.m.)
18 2A  Transit vehicles 18 2A 18 2A 1-A 2A
1 10 - 10 End of vertical rise 1346 1346 0 -0 0.077 - 0077
2 167 167  First stage burnout 13411 12,929 752 797 412 483
' End of second stage ’
3 442 448 first burning period 24,539 24376 7856 778.0 200.1 203.0
4 1489 1447 ;‘;‘n’: oond0e s 23 4z 40000 5000 5000
5 1,504 Injection into orblt 24,258 24,259 44163 4,130.0 500.0 500.0

1462

FLIGHT TRAJECTORY —TmANSIT 18, 2A and 2B

Orbital Performance Achievement of program
objectives is based primarily on measuring the

make analogous computations o establish accurate
position. Navigational fixes of 0.1 mile accuracy are

doppler shift of satellite transmitted radio signals. expected fo be obtained.
During the first three months of flight, the four trans-
mitters will be operated to obtain experimental con- Ground Support Stations Tracking stations will

firmation of the theoretical mathematical relationship
between the frequency and the refractive index of
the ionosphere. Studies have shown that refraction
effects on the doppler shift can be eliminated by
using the transmission from two satellites. After four
months of tracking the satellite by measuring the
doppler shift of the satellite radio signal, the exact

be operated in Maryland, Texas, New Maexico, Wash-.
ington and Newfoundland. First and second stage
tracking and telemeiry and second stage guidance
will be provided by the Atlantic Missile Range. A
mobile tracking and telemelry van was located in
Germany for TRANSIT 18 and South America for
TRANSIT 2A. The mobile tracking and telemetry van

position of the satellite at any point in the orbit
should be known. Using known orbital positions,
ships and aircraft can then use satellite signals to

will be located in southeast Africa fo; TRANSITS 3A
and 3B. These locations were selected as the closest
sites possible to the orbit injection point.

SEGRET Fa
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Monthly Progress—TRANSIT PROGRAM
Piogmm Administration

®  The TRANSIT 1B Final Mission Report document
was issued on 27 July, This report contains an eval-
uation of the test vehicle, except for payload infor-

mation. The payload evaluation will be published by
Applied Physics laboratory,

Flight Test Progress
TRANSIT 2A

® The TRANSIT 2A flight data are being analyzed
for the purpose of Preparing a final report by 15
August. Major areas: of analysis are control, vibra-
tion and guidance. The special task group investi-
gating the abnormal flight behavior concluded that
propellant sloshing may be compounded in the piich
and yaw planes to produce rolling and coning of
the vehide. Vehicle modifications o eliminate the
problem are being studied for incorporation into
the TRANSIT 28 system.

TRANSIT 28

®  Aerojet-General Corporation and Space Elec- '
tronics Corporation are continving assembly and -
checkout of the ABLE-STAR stage fo meet the 1

" November launch date. Delivery of components and

subsystems are continuing on schedule.

® Preliminary information received from BuWEPS
indicated a change in the payload weight and spin
requirements. The programmer and avtopilot setting
are being changed to accommodate a new launch
azimuth of 90 degrees true. No further changes in
system design will be made until firm information on
payload weight, payload spin ot injection, and pay-
load atfitude orientation requirements at injection
is received. ‘

® Due to the early stage of fabrication of the
TRANSIT 2B ABLE-STAR stage, the moghifications
determined necessary as a result of the TRANSIT
2A abnormal flight behavior study can be accom-
plished within existing schedules. Therefore, no
change in the established assembly and checkout
schedule is anficipated.




-responsibility includes development of the launch

~ eters at injection. The Army Signal Research and . !
- Development Laboratory will design, develop and

- 650 nautical mile orbital altitude and the ABLE-STAR

The ARPA COURIER Program consists of two flight

vehicles to be launched from the Atlantic Missile
Range. The program objective is to test delayed

Tepeater communications between o satellite and oh
ground stations. The program also will be used 1o ‘ (\ U
defermine the operating characteristics and capa- ”1 "
bilities of the ABLE-STAR (AJ10-104) second stage ]
vehicle. The program is being conducted under ARPA 9.5

Order No. 98-60 {Project Code No. 2200). AFBMD

vohide, payload infogroﬁqn, launch, injection of
payload into orbit, and verification of orbital param-

fabricate the payload, and will be responsible for
world-wide ground station requirements. Primary . !
payload contractor is Philco Corporation,

Vebhicle Description—The two-stage COURIER vehi-

TG0 M

dle consists of a THOR booster, an ABLE-STAR (AJ10-
104) second stage and o 500 pound COURIER 79.3¢
payload. Booster flight control is exercised by a gyro
platform and q programmer. The second stage is
controlled by a gyro used o govern engine gim-

balling during powered flight. Stability during sec- 60’
ond stage coast is Provided by the ‘‘on-off’
operation of jet noxzles operating from a dry nitro-
gen supply. The second stage propellants are inhib- _
ited red fuming nitric acid and unsymmetrical v b

dimethyl hydrazine. The engine will have o restart
capability. The 500 pound COURIER payload is o
60-inch sphere, containing radio repeaters, storage
and memory equipment, and g battery power source.

2 |0

Flight Description—Both vehicles are 1o be launched
from the Alantic Missile Range. After first stage burn-
out, the ABLE-STAR vehicle will place the payload
into the desired trajectory and then shyt down. The
second slage and payload will coast 1o the desired

engine reignited to attain orbital velocity. The orbital
inclination will be 28.5 degrees from the equatorial
plane. The orbital period will be 110 minutes.

Payload Obiom'vn—Sbrngo and memory elements

in the payload will deliver messages, upon command, SECOND $TAGS—aABLS.STAR (Ad10-104)

to each of three ground stations; as well as exchang- Theust ot altitede . %030 pounds

ing “real fime” information when the satellite is : Specific impuise (vac) 278 seconds
L . . Tolal impuise (min) 2.3 X 10° ibe/sec

within line-of-sight of two ground stations. During Burning time 294 seconds

these periods q ground station can relay messages . Propeliont liquid

direct to the next ground station, through the satellite

simplex repeater equipment. | PIRST STAGE—THOR mam

Ground Support Stations—These stations will be Thewst (s, 1) 151,500 povnds

e Specific impulse (s, 1) 248 seconds

located at Camp .Solinas., Puerto Rico; Torrejon Ajr impuise frac) .

Force Base, Madrid, Spain; and Halemano, Hawaii, . Buraing Hime 158 seconds

Station design and development is under confract to Propeliont liquid

International Telephone and Telegraph Corporation.
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Program Adminisiration

COURIER 12

® The Detailed Test Objectives document for
COURIER 1B will be issued early in August.

Flight Test Progress
COURIER 1A

® Upon completion of COURIER 1A checkout, the
vehicle was placed under protective covering and
a gaseous nitrogen atmosphere was provided to pro-
tect the vehicle pending investigation of the abnor-
mal TRANSIT 2A flight behavior. The analysis and
experiments have shown that lateral propeliant
sloshing may be compounded in the pitch and yaw
planes to produce rolling and coning of the vehicie
about its nominal flight path. Modifications designed
fo eliminate the slosh problem are as follows;

1. Nose fairing jettison will be delayed an addi-
fional 17 seconds to provide a greater stability mar-
gin through the first 200 seconds of Stage 1l flight.

2. Avtopilot position gains will be decreased to
reduce the sioshing tendency.

3. Anti-slosh baffles will be instalied in the fuel
tank, which is the most critical of the two tanks.

Figure 2. Sasellite vebicle with lower bemisphers semoved
: ing transmitsers, Jiorage and memory eguipmens, power
_Supply and supporiing ssracinve,
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Fignre 1. Installing antenna on the 300 posnd COURIER 14
satsllite vebicle. Soley cells cover the u and lower bal
of the 60-inch sphere, bher i

4. Adding two mitrogen storage botties will
increase the available attitude control nitrogen by
50 per cent.

®  Modifications are scheduled to begin on 1
August with the vehicle scheduled fo be installed
on Stand 17B on 3 August. The launch is scheduled
for 16 August.

® The down range fracking van has been relo-
cated at Salisbury, Southern Rhodesia, and will be
ready before 16 August,

Technical Progress
COURIER 1B

® The continuving failure of the gyro reference
assembly to pass autopilot accepiance test has
required the replacement of two units before the
test could be successfully passed. This problem has
delayed the assembly and checkout operations so
that at the end of July this vehicle was approxi-
mately three weeks behind the previous schedule.

® Because of the rescheduling of COURIER 1A
and the checkout status of the COURIER 1B vehicle
a re-evaluation of the COURIER 1B launch schedule
was made. Because of the time required for guid-
ance ground station preparation and the delay in
vehicle availability, the launch of COURIER 1B can
not occur earlier than 4 October.
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Project MERCURY represents the transitional threshold
between this nation’s cumulative achievements in space
research and the beginning of actual space travel by
man. The primary program objective is to place o
manned satellite into orbit about the earth, and 1o
effect o controlled re-entry and successful recovery
of the man and capsule (Figure 1). Unmanned ICBM
trajectory and near-orbital flights, and unmanned
orbiting flights will be used to verify the effectiveness
and reliability of an extensive research program prior
to manned orbital flights (Figure 2). The program will
be conducted over a period of nearly two years. The
initial R&D flight test was accomplished successfully
in September 1959. The fotal program accomplish-
ment is under the direction of NASA. The primary
responsibility of AFBMD 1o date consists of (a) pro-

viding 14 ATLAS boosters modlﬂod in oe;ordcrgce
with program*ol;iectim and pilot” safety factors, and
{(b) determination of trajectories and the launching
and control of vehicles through injection into orbit.
The division of responsibilities for this program is given’
in Table 1. Specific details of AFBMD support are given
in Table 2,

Maijor contractors participating in the AFBMD portion
of this program include: Sp_oco Technology Labora-
fories, systems engineering ‘and technical direction;
Convair-Astronautics, modified ATLAS boosters;
GE/Burroughs, ATLAS guidance equipment; and Rock-
etdyne, engines. All of these companies also provide
special studies and engineering efforts peculiar to

. meeting Project MERCURY requirements.

LEGEND

RESPONSIBILITY:
AFBMD smememe
NASA

ESCAPE /

ROCKET ]
. /
CAPSULE !
/
_ )
ATLAS ]
BOOSTER i
! //
I’ 4
1 //
(4

@aALusTlc TRAJECTORY
TO SIMULATE REENTRY CONDITIONS

NEAR ORBITAL INSERTION, IMMEDIATE
REORIENTATION, DECELERATION, REENTRY

ATLANTIC RECOVERY

FULL ORBIT 3-18 ORBITS 94-126 N.M.

WEST COA

ST REENTRY ATLANTIC RECOVERY

Figure 2. Plighs sest trajectories for Projec: MERCURY, defiming specific objeciives, Trajectory C

represenis the pash of the finel (manned) Rig

‘e divided represents imjection into orbis.

bs. The poins & which AFBMD and NASA responsibiliey
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PROJECT mErcury

| |

NASA Responsibility AFBMD Responsibi
Booster-Capsule integration » A I
Capsule : Booster
Ground support ATLAS “p
" Recovery : ,
’ Modified
I L , '
Flight 1 ' Flights : ’;cw guidance antennae
' , 2-14 Thin skinned tanks
' NASA _ | Shifted tank bulkheads
Laboratory Flight Light weight thryst structure
Capsule Capsules ,_- Copsule separation mechanism
(McDonnell) ' Interface electrical connections
LOX dome protection
Re-entry Programmer Modified
heating, Range safety destruct time delay
dynamics, Abon-unsing system
recovery -

-

' Detects dangerous variations
Launch in tank pressures, fuel injector

' Pressure, electrical power,

affitude and sustainer hydroulic

Unmanned non-orbital flights
Manned and unmanned orbital flights

' - pressure, Can initiate escape
Earth track 33 *N/33°s/, Lat. {for orbital
flights)
3-18 orbits Integrated countdwn—lndudlng pllot insertion
Orbit altitude and capsule countdown. AMR launch Stand 14,
.:p:geo 9'36 n.m. odapted for pilot and o_apm)lc.
erigee 74 n.m. o GE ground guidance equipment modified 1o
Avtomatic pilot safety equipment with - Provide: (a) real fime data, (b) additional discrete
manval backup ,

command signals during powered flight.

{a} Ballistic frajectory—108°
(b} Orbital trajectory—072¢

Table 1. Ontline of NASA and AFBMD responsibilisies iy PROJECT MERCURY.
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PROJECT MERCURY

AFBMD Responsibility
in support of
PROJECT MERCURY
NASA HS-36
includes:

Design, engineering studies

Launch support
Equipment modification Trajectory daiq
Hardware fabrication Missile allocation
: Flight scheduling
Provide fourteen (14)  Modify boosters for NASA prelim- Launch, control and define trajectories
ATLAS boosters, inary research and monned orbital of booster-capsule vehicie up to, and
fight and’ safely objectives. Including, injection into orblt,

Table 2. APBMD responsibilities in suppors of PROJECT MERCURY.

Project MERCURY Launch Schedule

" -CONFIDENTIAL Wi
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ATLAS 50D booster being deliv-

ored fo Launch Stand No. 14...

Attaching the booster o the stand

do‘;vn frunion mounts . . . rais.

ing the booster and fransporter into

the vertical position . . . the capsule

during instellation on the ATLAS

- - - ganiry with work plat.

forms raised surrounds the MA-1
test vehicle. .

HS




Monthly Progress—PpROJECT MERCURY : | ]

Flight Test Progress ]

L TInNASAMERCURYeapwlommchdwith -
ATLAS booster 50D, at Atiantic Missile Range stand

® The Flight Acceptance Composite Test was held
on 18 July. NASA required that a Flight Readiness
Firing {FRF) ‘be performed .on this vehicle so that
crifical capsule data could be obtained under sim-
ulated environmental conditions, The FRF was con-

ducted on 21 July and was considered completely -
successful, :
® The ATLAS booster had been modified fo meet

the requirements of the NASA capsule. One of the —

booster modifications was the installation of the
Abort Sense and Implementdtion System which was
to be tested open-loop. The NASA capsule used in
the MA-1 test was not q production model, but o
~ production structural shell with instrumentation and
components instalied by NASA to meet the MA-1
mission objeclives. The capsule escape system which
is triggered by the booster Abort Sense and Imple-
meniation System, in the event of booster malfunc-
tion, was not installed on the MA-1 capsule.
®  MERCURY MA-1 was launched from Stand 14
Aflontic Missile Range ot 0813 EST, on 29 July.
Approximately 60 seconds after a normal engine
start sequence and vehicle liftoff, all guidance
rate and track lock were lost simuitaneously with
booster telemetry signals and the missile was
destroyed. No booster or capsule abnormalities were -
indicated during the first 60 seconds of flight. Data
received during the flight and hardware recovered
after are being analyzed to determine the direct —_
cause of the malfunction,
® The launch of the third MERCURY flight test
(MA-2) is scheduled for the week of 17 October.

Pigare 4. View inside Complex 14 block-
bonse (right) showing test controllers,
laxnch comsrol panels and closed cirenis
television screems om which the te5t can
be monitored, Test vebicle MA-1 after
lifioff om 5 Inly. Umbilical bas just
pulled free o th capsale,
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PROJECT 609aA
Hyper-Environment Test System
e —

PROGRAM DESCRIPTION-—The Hyper-Environment
Test Program (6094 is divided into R & D and Opera-

—_— tional Phases. The R& D phase will be used 1o develop
and flight test vehicles capable of carrying 25 1o
~—ABL X254 A2 N 1,000 pound payloads to altitudes of 200 to 50,000
H:0, JETS o ) . . ¥

miles. The Operational phase will use these dard-
ized vehicles 1o permit the economical Performance
10 feet ——— 30 inches of flight test experiments in support of scientific
research and advanced military space system

programs, ,

——— l«llomy—ldlcblllty—Voruﬂllty— in this order
of emphasis are the three significant guides to pro-
gram accomplishment. ECONOMY is being achieved

~— THIOKOL
SERGEANT
_ {iMPROVED NOTS 100A
20feat (ALT. NOZZLE
H,0; JETS) s
AJ10-41
— ~—— 3} inches N
£
54-A1 —
X254. \ -
3 _— AEROJET AL \
4 SENIOR 7N
3IKS 120,000
JET VANES AND
AZRO FINS XM33-E7
30 feet : \
) Figave 1. Three eriations
: of Projecs 6094 vebicle
demonstrate the mission.
‘ versatility of the brogram,
—— == 40 inches :
e 1-2-3-4 1.2.3 2-3.5.6
CONFIGURATION CONFIGURATION i -\- CONFIGURATION

_GGN—F'-B-ENTMt | J1



“CONFIDENTIAL

by long range planning and maximum integration
with other programs. Use of the basic four-stage,
solid propellant, SCOUT vehicle, developed by NASA
and modified to achieve Program 609A objectives,
will effect an economy in vehicle development.
Necessary modifications include’ provisions for sta-
bilizing the fourth stage without spin and use of the
vehicle in less than the full four-stage configuration.
Close integration with the current ballistic missile
Program will effect an economy by permitting fests

vled ballistic missile test flights whenever possible
without delaying schedules. Economy in the opera-
tional phase will be exercised by the use of this low-
cost vehicle as a standard flight test platform to
perform scientific and military experimental research
in support of all Air Force facilities. RELIABILITY will
be obtained by o twelve vehicle R&D fight test
program, at least four flights of the basic SCouT,
and maximum use of knowledge gained in prior Air
Force ballistic missile flight testing. VERSATILITY will
be achieved by designing a vehicle capable of being
readily adapted to q wide range of payload varig-
tions, and capable of being flown in several configu-
rations of four stages or less. This VERSATILITY results
in the following flight capabilities: {a) verfical probes
having a wide variance of payload weight/attitude
combinations; (b) boost-glide trajectories; (¢} ballistic
missile trajectories; (d) downward boosted, high-
speed re-eniry profiles, and (e} full orbit to approxi-

mate maximum of 400 miles ‘with 150 pound pay-
loads. '

Program Managesment—An abbreviated devel-
opment plan, covering the R&D phase only, was
approved on 9 Janvary 1959, Funds in the amount
of $9,361,000 have been made available for this
R&D phase of the program only. A letter was issued
assigning management responsibility fo AFMBD, with
emphasis on integrating the program with the scien-
tific and military research experiments conducted on
regularly scheduled ballistic missile flight tests {Piggy-
back Program). In June 1959, Aeronutronic Division
of the Ford Motor Company was chosen through nor-
mal competitive bidding as the Payload, Test, and
Systems Integration Contractor, Arrangements have
been made for the procurement of vehicle compo-
nents and associated support equipment, modified
fo meet Program 609A requirements, through NASA,
rather than through the SCOUT Program contractors.
Atlantic Missile Ri:ngo facilities consisting of launch
complex 18 will be made available to the Air Force
for this program. A Project 609A division has been
established within the 6555th Tos; Wing (Develop-
ment) at AMR to supply Air Force technicians to par-
ficipate in the assembly, checkout and launch
operations of the R&D phase under the direction of
the Payload and Test Contractor. An all-military
operational capability will be developed from within
this group.
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. DEVELOPMENT PHASE

Project 669A Launch Schedule

¢TELEMETRY SYSTEM

EQUIPMENT

ELECTRICAL POWER

@ SYSTEM

Fignre 3. Mockap of 6094 Payload carvier locating

com
Thir carvier is desi for
the 1-2-3 configuration or the 1-2-34

monnted on the wipmens racks.

o8 o either
confignration,

Monthly Pro'na-—pnlod S609A
Program Adminisiration

®  Although Hq ARDC approved the 1 June revision
of the 609A Dwolopqnonﬂ’hn to Hq USAFfor‘pur-

and AFRD are being incorporated. As direcied by
Hq ARDC, many of the functions: of the AFBMD
Payload Review Committee are being transferred to
the Air Force Research Division, .

@ Representatives of AFBMD, Boeing and Aero-
Rutronic have met fo establish a program for 609A
wppoﬂofDYNASQAR.humaistbmmoonly

requirement for modification will be in the guidance

system. Aeronuironic is currently furnishing prelim-
inary data to Boeing regarding the 609A vehicie
and its capabilities, Minneapolis-Honeywell is study-
ing the DYNA SOAR requirements fo determine the
guidance system modifications necessary fo meet
the accuracy requirements of that program,

Technical Progress

® Satisfactory results were attained during the
detailed fit checks of the 1-2-3 and 1-2-3-4 vehicle
configuration conducted at Chance-Vought. These
dneksmmadoduﬁnglboﬁmmownhof'

® Apayloodmysymmdmptutwcseon-
ducied at the Sailton Sea Range on 5 July. This wes
the second partially successful drop test conducted
to date. A thorough review of the system design and
Quality control is being made by AFBMD/BMC.
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®  The waiver request on the flight jermination sys.
tem for the unguided 609A vehicle was rejected by
AMR Range Safety. This has required a redesign of
the system and caused a iwo months’ delay in the
program. Range Safely has agreed to waive destruct
requirements for the third and fourth stages. Rede-
sign and testing of the new flight termination system
for the 2-3-5-6 vehicle and the computation of vehi-
cle failure modes and impact data are being accom-
plished in accordance with the recommendations of
range safely. All data on the new system are sched-
vled to be submitted t6 AMR Range Safety by 25
August to permit the 15 September launch.

® - The first NASA SCOUT was launched from Wal-
lops Island, Virginia, on 1 July. During third stage
burning the vehicle appeared to turn off covrse caus-
ing range safely to prevent fourth stage ignifion.
This apparent deviation was found to have been
caused by erroneous radar indications. The vehicle
aitained an alfitude of 800 nautical miles and a

B, 4. Performance monitoring equip (fore-
%) for 1he 6094 2-3.56 ni.':':; () nlj‘h
1e52) during chechout at the s faci
Td 3&':... cloamj““ M) z‘c’: ~s
) nl checko
:Jﬂndloadyudd"nductdcucmd
Bight data for ell 6094 vebicles,

Figare 5. Interior views of 1he Telems: Grossd
Station ven &8 1o Aotensr) oy T Rasge. Beess

mens vacks bonsing posuer um, receiving 1-:‘).
orce

mens, and oscillographs are s, above,
. dechwiciens (vight) are checking a component in the
udm-'_au area ofl the van, Work table and main
power are 2

L4

WDLPM-4.228




range of 1500 nauticol miles. The next SCOUT
launch is scheduled for October.

Facilities

®  During the week of 24 July the AMR facility plans
- for the Operational Phase were reviewed with the
6555th Test Wing {Development). It is apparent that
no existing rocket motor storage can be made avail-
able for the first stage mofors, and an existing

WDLPM4-228

assembly building cannot be utilized for payload
checkout. Therefore, the following new buildings are
planned: rocket motor storage byilding, payload
building, two missile assembly buildings, and a com-
bined systems checkout building. It is anticipated that
half of an existing industrial hangar will be uiifized
for technical support. These buildings wiil allow a
launch rate of approximately 38 vehicles .per year.
The first assembly building is scheduled to be avail-
able for occupancy in March.

W | IS




DYNA

Program thory—-Compofiﬁon for the DYNA SOAR
study contract was inifiated in 1958 and resulted in
the Boeing Airplane Company and the Martin Com-
pany being awarded the follow-on contract fo more
fully define their proposed approaches. In November
1959, following review and evaluation of the
Boeing/Martin detailed studies by a Source Selection
Board, it was announced that Boeing had been
selected as the glider and system integration prime
contractor, with Martin furnishing modified TITAN
ICBM's for booster support. The determinations and
findings were elaborated on by Dr. Charyk to require
a study program, Phase Alpha, with objectives of
reaffirming the proposed glider design and indicat-
ing any changes required to that design. In April
1960, the Phase Alpha study was completed cnd the

‘ ....u-u I

SOAR

results were presented to the Department of Defanse.
On 9 May, formal approval of the DYNA SOAR Step
| Program was received by AFBMD/BMC from
WADD/ASC.

o T

Program Objectives—The DYNA SOAR Program will
explore the possibilities of manned flight in the
hypersonic and orbital recims. The program will
proceed in three major steps from a research and
test phase to an operalional military system. In Step
I, a full scale, minimum sized manned glider will be
developed. A modified version of the TITAN ICBM
will boost the glider into hypersonic flight at veloci-
ties up to 19,000 fi/sec and permit conventiona!
landing at o predetermined site. In Step |l the glider
will be tested, using a more powerful booster to

A. OLIDSR
Welght ........oc..0s 9300 ibe.
A Wing Area ........... 300 sq.
L/D Max. ot
Mach20 ......... 2.2
L/D Max. Londing ..... 45
8. TITAN SECOND STAOGR
————r‘ Thrust (lbs. vac) ...... 80,000
Lift Off Weight ...... 53,853 Ibs.
Propeliant Consumed ... 47,274 lbe.
Burnout Weight ....... 6,579 Ibs.
a C. TITAN FIRSY STAGE
s Thrust (ibs-sea level) . . .300,000 ne've"
Lif-Off Weight ....... 176,383 Ibe. -
Ay’ Propeliant Consumed . . . 164,243 Ibe. 7
Surnowt Weight ....... 12,140 Ibs. —
D. GROSS WEIGNT ...... 241,500 Ibe.
st Stage
$tort of Burn _
¢
c SECOND STAGE MODIFICATIONS 10~ -
Ignition peior to Separation
Propeliant Tanks Capacity Increased »
intertank Section Sireagthened d.w
. \ FIRST STAGE MODIFICATIONS :
r_’/ ' ‘ Stobilizing Fies Added r"" ' |
Skirt Section and Intertank ‘
\\J Section Modified and Strengthened \
1 |
' Figure 1, DYNA SOAR vebicle configaration
48'10" drawing and specification liss, -
“ 46
L
WDLPM4-228 K-l




achieve orbital velocities. This phase may be
expanded inlo an interim operational weapon sys-
tem providing all-weather reconnaissance and satel-
lite interceptor capabilities. The objectives of Step Il
are fo test vehicle performance betwesn 19,000
ft/sec and orbital velocities; and to gather re-entry
data from various orbits. Step Iil will provide an
operational weapon system with a vehicle that will
operate primarily in a hypersonic glide, be able fo
maneuver within the atmosphere, and be able to
make a conventional landing ot o predetermined
site. The capability of DYNA SOAR type systems fo
perform these programmed missions appears atirac-
tive as a resvlt of studies made to date. The missions

CAPE CANAVERAL

a‘ﬁsa‘\
-3’

under study are: reconnaissance {manned and
unmanned); air and space defense; sirategic bom-
bardment and logistics support. Manned and unman-
ned versions are being considered where applicable.
Flight Progroam — Step | includes nineteen gir-
launched, manned flights with the glider being
dropped from a B-52, five unmanned booster
launches, and eleven manned booster launches from
the Atlantic Missile Range (AMR). The first vnmanned
booster launch is scheduled for September 1963
with a one and one-half month span between
launches. The manned booster flights are pro-
grammed to start in mid-1964 with o two month
span between launches. The range from Wendover
AFB, Utah, to Edwards AFB is adequately instru-
mented for the tracking ond telemetry required
during the air-lounched tests of the: DYNA SOAR
glider. Instrumentation sites for the AMR launches
will be located ot Cape Canaveral, San Salvador,
Mayaguana, Antigua, Santa lucia, and Fortaleza.
Instrumentation, tracking, and recovery ships will be
provided to supply additional support for the AMR
launches. Llanding facilities will be provided at
Fortaleza, Brazil; Santa Lucia, Lesser Antillies; and
Mayaguana, Bahama Islands.

FLIGHT | UNMANNED

» 3 SANTA LUCIA
e
T
)
. Ist STAGE BOOSTER
CASE IMPACT
. BOOST BURNOUT CAYENNE
V21900 FPS ’
. 2nd STAGE BOOSTER
CASE IMPACT
D. VEI700 FPS
E. Vz2500 FPS £
Figere 2. DYNA SOAR iracking siasions axd landing sites. for FORTALEZA
lannches from the Ailantic Missile Range. )
Pag
X2 | w I Tt WDLPM4-228




Program Responsibilities—Steps | and Il of the
DYNA SOAR Program are to be conducted by the
USAF with NASA participation. USAF will provide
program management and technical direction, with
WADD having responsibility for over-all system
management.

AFBMD is responsible for the booster, booster sup-
port equipment, special air-borne systems, ground
support equipment, and booster requirements of the
launch complex. WADD will have responsibility for
glider and subsystem development. NASA will pro-
vide technical support in the design and operation
of the glider in obtaining basic aeronautical and
space design information.

Technical Approach—AFBMD’s technical approach
to meet the objectives of the program are:

1. Modifying a TITAN ICBM by adding stabilizing
fins; strengthening the holddown and skirt areq, inter-
tank and interstage sections; redesigning the guid-
ance bay; incorporating a malfunction detection
system; and initiating o new staging technique (fire
in-the hole).

2. Modifying the LR 87-AJ-3 or LR 91-AJ-3 rocket
engines to obtain structural compatibility with the

- modified booster; include malfunction shutdown and

fail safe systems; and adding a cartridge start system.

3. Lighten and simplify the second stage engine.
4. Modification of an AMR launch pad.
5. Provide an integrated launch countdown,

Monthly Progress—DYNA SOAR Program

Program Administration

® The DYNA SOAR Program is sill in the prelim-
inary planning stage and it will be some time before

" the assembly of hardware begins and component

or subsystem tests commence. Until the program
advances from the planning stage the monthly prog-
ress section will include the results of studies that
have been conducted and significant meetings that
have been heid.

® A reconsideration of the approach to be used in
modifying the TITAN launch stand has been initiated.
Martin Company and Boeing Aircroft Company are
conducting a study which will provide data that will
enable the DYNA SOAR Facility Work Group fo
decide which approach will be used—erecior or gan-
try tower modification. The final report on this study
is due the first week in Oclober.

WDLPM-4-228

®  An Architect and Engineer Evaluation Board has
been established to select the contractor who will
design the modified launch facility. Planning of the
design program and criteria development will start'
following the selection of a contractor.

® The Test Force has established an enginesring
work group which is responsible for developing the
test program requirements at the Atiantic Missile
Range. A working relationship among the various
agencies concerned has been established.

® Briefings and meefings held Io discuss ground
support equipment have resulted in o plan for the
generation of the equipment list required to conduct
the DYNA SOAR program. Existing TITAN equipment
will be vtilized to the maximum extent. Modifications
fo existing equipment and development of new

-equipment will be identified and monitored on a

continving basis,
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SAINT

®  Project SAINT is o program for the development

of a sateliife inspecior system. The initial effort is
concerned with the design, fabrication and ground
launch of a reliable prototype vehicle to demon-
strate the feasibility of satellite rendezvous and
inspection. At the same fime, studies and analysis
will be undertaken to define the configuration of
the system. Development effort on certain long lead
components required for the system will be included.
The program is being conducted by AFBMD under
System Development Requirement No. 18, 21 April
1960.

Program Objectives

® Design a prototype interceptor vehicle utilizing
«<onservative choices of subsystems and a defiberate
step-by-step development progression, emphasizing
reliability and component compatibility. Conduct a
feasibility demonstration of the rendezvous and
inspection capability after ground tests have given
assurance of system reliability. The flight demonsira-
tion will ufilize an existing target satellite if one is
available, otherwise a specially launched, passive,
target satellite will be ufilized, Conduct studies to
determine the configuration and techniques of oper-
ation of the eventval system.

'® _Develop and ground test the critical subsystems

required for the system but not provided in the
demonsiration program. These include a rendezvous
maintenance system, additional inspection and data
processing equipment, an lnfcgmtgd launch and
homing guidance system, an advanced power sup-
ply and selecled countermeasures equipment.

Satellite Inspector Feasibility Demonstration

® The Satellite inspector System will provide o cap-
ability to intercept and inspect any unidentified earth
satellites which threaten the United States. In the
demonstration, the prolotype inspecior vehicle will
achieve a co-orbital rendezvous to within some fifty
feet of the target satellite, obtain an image of the
target through the TV System and relay the image to
a ground station. The inspector vehicle will be sized
and components selected so that much of the design
might be applicable fo the initial system which
will be developed following a successful feasibility

demonstration. Major subsystems of the interceptor
vehicle are: maneuvering propuision, radar seeker,
guidance, TV inspection, computer, communications
and telemetry, attitude control and elecirical power.

® A total of four launches are planned from the
Atiantic Missile Range, with the first launch in Decem-
ber 1962. The SAINT vehicle includes an ATLAS
booster, an AGENA “B“ second stage and the ren-
dezvous vehicle which weighs approximately 1800

" pounds. Alternate vehicles under consideration are

the ATLAS booster with-an ABLE-STAR second stage.

® The demonstration program will utilize existing
launch, tracking, and data reduction facilities insofar
as possible. There will be requirements for additional
ground support equipment at the Atlantic Missile
Range and augmentation of the southeast Africa
Tracking site to handle the telemetry and communi-
cations requirements for the demonstration. The tar-
get ephemeris will be determined for the demonstra-
tion program by tracking data from existing FPS-16

and Millstone Radars. ‘

Satellite Inspector System

® Following the successful feasibility demonstra-
tion of a prototype satellite inspector, continued
development could lead to an operational system.
The complete system will provide a considerable
increase in capability. For example, rendezvous
would be maintained for a period of 48 hours to
dliow sufficient time to evaluate the sensor data.
Additional sensors such as ferret, IR, X-Ray detectors,
magnetomelers, eic., will be included in the payload.
Orbital altitude coverage will be extended fo ot
least 1,000 nautical miles and the reaction time will
be reduced to 12 hours after the target ephemeris
has been determined. The system will comprise o
complex of launch facilities, ground support equip-
ment, assembly and launch checkout equipment,
boosters, launch guidance equipment, rendezvous
vehicle, telemetry and command and control subsys-
tems, ground communications stations, together with
any necessary technical manuals, procedures and
personnel required fo support the system. The launch
vehicle may be an ATLAS first stage with o CENTAUR
second stage.




R

SPACE

program boosfers

SPACE PROGRAM BOOSTERS




_ Piogram BOOSTERS

® The primary pacing factor in the accom-
plishment of space missions has been, and for
some fime will continve fo be, the availability
‘of Air Force ballistic missiles and upper siages
to boost the payload vehicle. Space flight plan-
—_ ping requires close examination of all tech-
nologicol areas wherein advances provide
increases in booster and mission capability.
— This, in turn, has required that space schedules
be sufficiently flexible fo incorporate rapidly
those advances ‘in the siate-of-the-art which
increase the potential for reliable and pre-
dictable space research.

® Because of the wide range of its activities,
- AFBMD has accumulated a broad base of expe-
rience in booster selection for space missions.
Experience in ballistic missile R&D programs
and in development of upper stage vehicies
have provided much information. Research
programs in the propellant and materials areas
dalso are providing new capability for space
- research. The number and variety of boosters

availoble permit the selection of o combination

of stages tailored to provide specific capabili-
— ties for specific missions.

® The following pages describe briefly the

booster vehicles currently being used by AFBMD
- fo support military and civilian space pro-
grams. Nominal performance data is given to
permit nominal comparisons of vehicle capa-
bilities. Specific qualifications are made where
necessary for clarity.
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THOR

Prime contracter:
Dowglas Aircroft Co.
Engine manvfeciurer:
Rockeidyne Div., North
Americon: Aviation
Height
DM-18 61.3 feet
DM-21 56.9 foet
{withow! re-eatry vehicle)
Weight (no residual propeliants)
DM-18 106,546 :
DM-21 108,395 povads
Engine
DM-18 MB-3 Block |
DM-21 ) MB-3 Block |

: MB-3 Block Il
Fuel -]
Oxidizer LOX
Guidance ~removed on fpace
booster flights
Used as first stoge for:
DISCOVERER
ABLE. ond 4
TRANSIT
COURIER
TIROS
NASA/AGENA B
DELTA

. crease in thrust to 167,000

- of the MB-3-Block lj engine.

Early in 1958, the decision to accelerate the national space effort was made effec-
fively possible only because of the availability of the THOR IRBM. THOR No. 127
was diverted from the R&D flight test program for use as the ABLE-1 space probe
first stage. With top national priority assigned to the space research effort, THOR »
No. 163 was used fo boost the DISCOVERER | into orbit on 28 February 1959. Since
then, the THOR has become operational as an IRBM and hai been very reliable
s a space flight booster. During 1959 all THOR boosted space flights achieved
successful first stage performance. THOR performance has been increased through
weight reduction modifications and use of RJ-] (instead of RP-1) fuel. A modified
THOR, designated DM-21 incorporates a shortened guidance compariment and
additional weight reduction
changes. A later version of
the DM-21 provides an in-

pounds through installation”

Weight 261,206 pownds

Engine
Series DATIAS  MA-2

Fuel 4
Lox

Guidance — Radie-inertial
Generol Eleciric {radar)
Burrowghs Corp. (compuiar)

Used as first stage fer:
SAMOS
MIDAS
COMMUNICATIONS
SATELUTE
AME4 and -5
PROJECT MERCURY

M2

THE ATLAS ICBM, providing over twice the thrust of the THOR, is being used as -
the first stage booster for the three Advanced Military Satellite Programs and for
Project Mercury man-in-space. The first ATLAS boosted space flight was launched
from the Afiantic Missile Range on 18 December 1958, Designated Project Score,
this vehicle (ATLAS 108) successfully placed a communications payload into

orbit around the earth. in November 1959 the ABLE-4 space probe did not attqin . ..

its objective, however, ‘ATLAS first stage performance was successful, The first
ATLAS-boosted: flight h"ﬂ vehicle in Project Mercury was launched on 7 September
with test objectives satisfactorily achieved. ATLAS performance on both the 26 -
February and 24 May MIDAS launches also was mﬁﬁcdod. Future flights will
use modified ATLAS series “D" missiles to carry increased payload weights.
Project Mercury boosters also include i

abort-sensing and other pilot safety
features. The success of the ATLAS
boosted space flights to date plus
the performance and reliability being
demonstrated in the ATLAS R&D flight
test program, lend confidence in this
booster as a reliable means of real-
izing advanced space objectives.
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Although originally designed ‘as the basic saf-
ellite vehicle for the Advanced Military Satellite
Programs, flight testing of the AGENA was accel-
erated when the DISCOVERER progrom was
created, using the THOR/AGENA combination,
Because of its availability, the Beli Aircraft
LR81-Ba-3 rocket engine was selected for AGENA
propulsion, and later modified to use unsymmet-
rical di-methyl hydrazine instead of P-4 fvel.
Subsequent modifications resulted in the AGENA
“B” configuration, in which propellant tank
capacity was doubled and the engine modified
to provide single restart and extended burn cape-
bifities. The increased performance of this design
greatly enhanced the potential of the THOR/
AGENA combination. An optical inertial system
for guidance and orbital attitude control was
developed to meet the critical orbital eccentricity
and attitude requirements for the programs in-
volved. Gas jets and reaction wheels are used
to control attitude. Payloads may be installed
on the forward equipment rack or distributed
throughout the vehicle. The flight test' program
also has been used 1o develop a recovery capa-
bility for o payload capsule which is ejected
from the orbiting satellite.

AGENA

Prime contvactern:
Lockheed Missile and Space Division

Sell Aircraft Corp.

Length .
“A" version 14 fost
“8" version 19.5 feet*

21 foet**
Diameter 60 inches
Woight
“A" version 7.987 pounds
“8" version 14,800 pounds
Engine

“A" version YiR81-Ba-5
8" version XLR81-Ba-7°

XLR81-Ba-9**
Fuel UDMM
Oxidizer IRFNA

Guidance optical-inertiol

Used as second stage for:
DISCOVERER (XVI! & sube)
SAMOS (fiight 4 and subs)
MIDAS (flight 3 and subs)

'~ ABLE-STAR Vehiole

The ABLE-STAR upper stage vehicle contains an AJ10-104 propulsion system which
is an advanced version of earlier Aerojet-General systems. In addition to providing
increased performance capability, the system includes cutomatic starting, restarting,
shutdown, ground control, coast period pitch and yaw control, and ground monitor-

Contractor:
Asrojet-General

Hoight 14 feet 3 inches
Diameter 4 feet 7 inches
Weight 9772 pownds
Bngine AJ10-104

with Restort Copability

Noxzle Expansion Rotio—40,)

Fuel .
Unsymmetrical Dimethyl Hydrozine

Oxidixer

 Inhibited Red Fyming Nitric Acid

Guidance -
STL Advanced Guidance System
Burroughs J.1 Computer

Unddwnpbn

TRANSIT 18, 24, 28
COURIER 1A, 18
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ABLE Vehicle

The ABLE upper-stage vehicle has been flight tested suc-
cessfully as the second stage on THOR re-eniry vehicle

tests, ABLE Projects and TRANSIT 1A. The vehicle uses

AJ10-42 or AJ10-101 propulsion systems (improved
versions of systems used originally on the Vanguard
Program), guidance systems, and elecironic and instry-
mentation equipment. The ABLE vehicles are guided

during second stage engine burning. Vehicles using the

Contracior;

Aesrojel-General Corp._

Helght 18 feet 7 inches
Diometer 4 feet § inches
Weight

AN10-42 4622 pownds
AJ0-101 4178 pounds
Puel

Unsymmetrical Dimethyl Hydrazine

AJ10-101 system are spun with the third stage and pay-
load prior to second stage engine burnout to provide spin
stabilization of the unguided third stage and payload.
On flight vehicles using the AJ10-42 propulsion system,
only the third stage and payload are spun prior to second
stage separation by a spin table bearing system located
at the second fo third stage separation plane. Only minor
differences exist between the two propulsion systems.

Oxidizer
Inhibited White Fyming Nitric Acid

Guidence
AJ10-42

- Rodio-inertial (BTL)
A0-101 .
Advanced Guid. Syst. {ST1)
Computer (Burroughs J-1)
Used as second stage for:

AJ10-42 — TRANSIT 1A, TIROS
AJ10-101 — ABLE 3 and 4

Development of the Allegany Ballistics
Laboratory X-248 engine for the Van-
guard Program was accelerated when it
was selecled as the third stage for Project
ABLE-1, The unit represented the most
advanced solid propeliant engine of its
size available at the time. Since the
engine had not been qualification of
ﬂijhf tested, test firings were conducted
in a vacuum chamber simulating approxi-
mately 100,000 feet altitude. Design
modifications involving the igniter,
nozzle, and internal insulation were
found to be required. The modified
engine performed with complete safis-
faction on the successful flight of ABLE-1

and subsequently on ABLE-3 and ABLE-4
THOR.

M4

ABIL 248
Vehicle

Coniracien

Allegany Bollistic Laboratory
Height 4 feet 10 inches
Diameter 1 foot 6 inches
Waeight 518 pounds
Fuel- " Solid

Used as third stage on:

ABLE J ond 4

TRANSIT 1A, TIROS

Sty
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P CFEH

XXX
) .
THOR X omis  Eloma ATLAS Series D
1
Weight —dry 6,950 6,500 Weight—wet 15,100 R
Fuel 30,700 33,700 Fudl. 74,900 s
Oxidizer 68,200 ' 68,200 Oxidizer 172,300 T
TOTAL WEIGHT 108,850 108,400 TOTAL WEIGHT 262,300
Thrust-lbs., S.L. 152,000 167,000 Thrust-tbs., S.L. S
Spec. Imp.-sec., S.L. 247.8 248.3 Boost 356,000 T
Bumn Time—sec. 163.0 148.0 Sustainer 82,100 A
Spec. Imp.-sec. G
Boost 286 E
Sustainer s , 310
NOTES A G E ", A ] Q) "o F S
E
- @ Payload weight not included. Engine Model YIR81-Ba-5 | XLR81-Ba-7® | XLR81-Ba.9® C
Does include controls, guid- o
ance, APU and residual pro- . .
pellants, CWaeight—inert 1,262 1,328 1,346 N
. " Impulse propellants 6,525 12,950 12,950 D
® Does not include THOR Other 378 511 511
adapter (225 lbs.) or ATLAS : —=13 17 —=l1 s
adapter (315 1bs.). v OTOTAL WEIGHT 8,165 14,789 14,807 ¥
@ Single restart capability. Thrust-lbs., vac. 15,600 15,600 16,000 A
. Spec. Imp.-sec., vac. 277 277 290
Dual b rat G
© “rh operation. Burn Time—sec. 120 2400 2400 [k
@Allegqny Ballistic Laboratory. | _ .
’ A Al AJ10-104 ®
10-42 10-101 ABLE-STAR AB L 2 48 i
H
Weight —wet 1,247.1 847.9 1,207 59.5 K I
Fuel _ 875.1 869.0 2,247 455.5 R
Oxidizer - 2,499.6 2,481.0 6,227 (solid) D
TOTAL WEIGHT ‘ 4,621.8 4,177.9 9,771 515 s
: 1 §
Burnout Waight 1,308.6 044.1 ' 1,419 50.5 A
G
Thrust-lbs., vac. 7,670 7,720 7,900 3,100 E
Spec. Imp.-sec., vac T 267 267 278 250.5
/)Mm Velicle Combinalions
_ ABLE4 and -5............ C-H-K
DISCOVERER (1 thry 16)...... A-D MIDAS (1 and 2)............. c-D ABLE4 ... ... ... .. .. .. .. A-H-K
DISCOVERER (16 thrv 21)..... A-E MIDAS (3 and subs.).......... C-F TRANSIT IA ... ... ... .. A-G-K
DISCOVERER (21 thru 29)...... B-F SAMOS (1 thru 3)............ c-D TRANSIT 1B, 2A, 2B. .. .... . .. A-.J
COMM, SATELLITE .......... C-E SAMOS (4 and subs). .. ....... C-F "COURIER ................. A-J
COMM. SATELLITE .......... CF  ABLE-lond-3............. A-H-K TROS ................. A-G-K
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PAYLOAD WEIGHT x 1000 POUNDS

1. AGENA “A”- Polar Orbit
2, AGENA “‘B”—Polar Orbit -
3. AMR—90 degrees

Sy

WDLPM-4-228

P
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BURNOUT VELOCITY—FPS X 1000

4. Lunar Probe
5. Venus Probe
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DISTRIBUTION

Headquarters, United States Air Force 48
Headquarters, Alr Research and Development Command 1
Strategic Air Command

Alr Force Command and Control Development Division
Air Force Flight Test Center '

Rome Air Development Center

Air Force Missile Deveiopment Center

Wright Air Development Division

Air Force Special Weapons Center

Air University

Amold Engineering Development Center

Alr Proving Ground Center

Air Defenise Command

Air Training Command

Air Photo and Charling Service

Air Force Missile Test Center

United States Air Force Academy

Alr Technical Intelligence Center

6555th Test Wing

Air Force Ballistic Missile Division (ARDC)

Ballistic Missiles Center (AMC)

Assistant CINCSAC [SAC MIKE)

Aeronautical Chart and Information Center

Rand Corporation

San Bernardino Air Materiel Area

6594 Test Wing (Satellite)

1002 Insp. Gen. Group

3415 Technical Training Group

Tactical Air Command

8th Air Force
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Altilnde—nauticol miles

Altitude—noutical miles

Perjormance Graphs - 1315,

U T
THOR/AJI0-42/A8L 248

200

! T
THOR/AJ0-101/7ABL 248

¥ T T
THOR/AGENA “A” and 8"

-

1 1 1 y ,

2 4 6 8 10
Payload Weight X 100 pounds

1. Polar—AMR or VAFB
2. AMR—90 degrees
3. VAFB—AGENA “A"

Ms$§

4 6 8 10 12

Payload Weight % 100 pounds

4. VAFB—AGENA “B" (XLR81-Ba.7)
5. VAFB—AGENA “B“ (XLR81-Ba-9)
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