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FOREWORD

Activities summarized in this report include the major space systems, proj-
ects and studies for which the Air Force Ballistic Missile Division is wholly
or partially responsible. Each space system ond project is introduced bya
concise history of the administration, concept and objectives, making pos-

for this report (15 May).

The ddvolopmom of the Able-Star slage, as authorized by ARPA, has
been completed. Also completed recently is the AGENA modification
program authorized by ARPA.




Space

Program

programs

must be mw.hmdﬂkdhuminmdm
these programs: reducing weight, increasing ihrust, lengthening
poﬁods,vdna_ww;indnm,wdmgowﬂch
improves overall performance, the use of the vehicle must be
Whmdwoucmomnummhm.
As modllwodwhichadvomﬂndﬂo-of-fho-cn
in m.mﬁm,mhy,inmdwucmdodcbmd_
mmnﬁabkm,mdommww,whkh
oddMondapecoenpcblMummdopodbk.




Early in 1958, the decision fo accelerate ihe national space effort was made effec-
ﬁvolypouibhonlybmoflbdc\mlloblﬁtyof!hoﬂbllmmonm 127
mdivododﬁomthol&bﬂlghthﬂmmbrmuih%l space probe
first stage. Mthbpndbnolpﬂoﬂtycuignodhﬂnmmdnoffon 'I'HOR
No.l&mmdtobowtboDISCOVﬂEllinborb&on 28 Febrvary 1959. Sinoo
then, mmmbmocrdw.opﬂuﬂonul IRBM and highly reliable also as
a booster for space vehicles. During 1959 all THOR boosted space flights achieved
completely successful first stage performance. THOR pufomonuhesbunincmmd
through weight reduction modifications and vse of RJ-1 (instead of RP-1) fuel. In
April 1960 o modified THOR, designated DM-21, will be avilable, incorporating o
shoriened widmmpMmdoddlﬁonalwdgMMucﬂondnnw In July
1960 THOR thrust will be i '
Incroaud to 167,000
pounds through installation
. of the MB-3-Biock !l engine.
The first DM-21 vehicle will
be used to boost DISCOV-
ERER XVII.

The ATLAS ICBM, providing over twice the thrust of the THOR, will be used as
moﬁmm.boosmforlhothmAdeudemwlh Programs and for
Project Mercury man-in-space. The first ATLAS boosted space flight was launched
from the Atiantic Missile Range on 18 December 1958. Designated Project Score,
this vehicle (ATLAS 108) successfully placed a communications payload satellite
into orbit around the earth. In Novombor]959|hoAll.E-4meombedidno'
attain orbit; however, the ATLAS first stage performance was entirely successful.
The first flight test vehicle in Project Mercury was launched on 7 September with
all objeclives essentially achieved and excelient ATLAS booshr performance
reclized. Futwe flights will use modified ATLAS uriu D missiles to carry
increased payload weights. Project o :

Mercury boosters are being modified
also fo incude abort-sensing and
other pilot safety features. The success
of the first three ATLAS boosted space
flights, plus the increased perform-
ance and reliability being demon- :
sirated in the ATLAS R&D flight test
program, lend confidence in this
boostor as a means of ronlizing

Ty N
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Although originally designed as the basic sat-
~ ellite vehicle for the Advanced Military Satellite
Progms,ﬁinhtwingofﬂnAGmAmccal-
erated when the DISCOVERER
created, using the THOR/AGENA combination,
Becouse of s availability, the Bell Aircroft
LR81-Ba-3 rocket engine was selected for AGENA
prowkion,mdlmermodiﬁodtommymmt-
rical di-methyl hydrazine instead of P-4 fuel.
Subsequent modifications resulted in the AGENA
"B" configuration, in which propeHant tank

ccpocitywusdooblodondthomgimmodiﬁod

lqmvid.ﬁnglormmatd'mmbumwpc- _
bilities. The increased performance of this design
greatly enhanced the potential of the THOR/
AGENA combination. An opfical inertial system
for guidance and orbital aititude control was
developed fo meet the critical orbital eccentricity
and attitude requirements for the programs in-
volvod.Gasid:ondmdionwhukanuud
'o confrol attitude. Payloads may be installed
onthoforwurdcquipmcmroekordimibond
throughout the vehicle. The flight test ‘program

) alsohnsbomuu_dtodovolopcrmoryoopa—

bimyforapayloodnopwlowlﬁchisoi‘dod

from the orbiting satellite.

. ABLE‘-STAR Vehicle

The: ABLE-STAR upper stage vehicle contains an AJ10-104 propulsion system which
is an advanced version of earlier

60 inches

Diameter
Waeight

- “A" version 7907 pounds
“B” version 14,800 pounds
ngine
“A” version YiR81-3o-5
“8" version XLag)ba.7*

o XLRS1-Ba-9**

Foel UDMH
Oxidizer IRFNA
Guidanes optical-inertial
Used o0 s0cond stege for:
DISCOVERER (XVII & svbe)

~ SAMOS (flight 4 and swhs)
MIDAS (fiight 3 and sube)

Contracier:

Height
Dioweter
Woight

Engine AJI0-10¢
with Restort Copobility
Nozxle Expansion Ratio——do,{ A

Foel
Unsymmeirical Dimethyl Hydrazine

Oxlidizer
inkibited Red Feming Nitric Acid

Quidance :
STL Advanced Guidance System
Borroughs J.1 Computer

Mummphn
TRANSIT 18, 2A, 28
COURIER 1A, 13

14 foet 3 inches
4 feet 7 inches

9772 pownds



ABLE Vehicle

The ABLE upper-stage vehicle has been fiight tested suc.
cessfully as the second stage on THOR re-entry vehicle
tests, ABLE Projects and TRANSIT 1A. The vehicle uses

AJ10-42 or AJ10-101 Propulsion systems fimproved:

versions of systems used originally on the Vonguoard
Program), guidance systems, and electronic and instry-
mentation equipment. The ABLE vehicles are guided
during second stage engine burning. Vehicles using the

- Contracler:
Aesrojel-Generol Corp.
Height 18 foet 7 inches
Diameter 4 foot § inches
Welght
AJ10-42 44622 povnds
AJ10-101 4178 pounds
Fuel

Uuy-;looﬁled _Dimethyl Hydrazine

AJ10-101 system are spun with the third stage and pay-
load prior to second stage engine burnout 1o provide spin
stabifization of the unguided third stage and payload.
On flight vehicles using the AJ10-42 propulsion system,
onlythcﬂﬁrdshgocndpoyloodcnspunpﬁorlomd
mgoupcraﬁonbycspinhbhbhuingmhmloemod
ot the second to third stage separation plane. Only minor
differences exist between the two propulsion systems,

Oxidizer
wwmmmmuum'

Guidence

AJ10-42

Radio-inertial (B871)
AJ10-101 .
Advanced Guid. Syst. 2 341]
Computer (Birroughs J-1)

Und-u-uaj slage for;
AJ10-42 — TRANSIT 1A, TIROS
AJ10-101 — ABLE 3 and 4

Development of tln. Allegany Ballistics
Laboratory X-248 engine for the Van-
guard Program was accelerated when it
was selected as the third stage for Project
ABLE-1. The unit represented the most
advanced solid propeliant engine of its
size dvcilcblo at the time. Since the
engine had not been qualification of
flight tested, test firings were conducied
in @ vacvum chamber simulating approxi-
mately 100,000 feet altitude, Design
modifications -involving the i'gnifcr,
nozzle, and internal insvlation were
found to be required. The modified .
engine performed with complete satis-
faction on the successful flight of ABLE-1

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

ABL248
Vehicle |

Contvucion
Alegany Bollistic Laboratory
Helght 4 foet 10 inches
Diameter 1 foot & inches
Welght 513 pounds
toel Solid
‘Unduiﬂddqoun
AME 3 ond 4
TRANSIT 1A, TiROS
A 4
1“
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g ' of o o_ . | o _ﬁf'
g o000 o0 ) LJ(..:,-’:.

P
it

[ ]
THOR  surs  illoma ATLAS Seies D [
: — _ I
Weight—dry , 7,746 6,510 Weight—wet 15,100 R
Fuel 30,500 33,695 Fuel 74,900 S
Oxidizer 68,300 68,190 Oxidizer 172,300 I
TOTAL WEIGHT 106,546 108,395 TOTAL WEIGHT 262,300
Thrust-bs., S.L. 152,000 167,000 | Thrust-ibs., S.L. S
Spec. Imp.-sec. 246.42 248.3 Boost 356,000 T
Burn Time—sec, 163.59 1480 Sustainer , 82,100 A
' ' Spec. Imp.-sec. , . G
Boost 286 E
Sustainer 310
NOTES A G ' " A ' “A” u.n ) S
' E
@ Payload weight not included. | - Engine Mode! YIR81-Ba-5 | XLR81-80-7® | XLR81-Ba.00 C
Does include controls, guid- o
ance, APU and residual pro- | ®Weight—inert 1,155 1,370 1,400
pellants. Impulse propeliants 8550 13,100 13,100 N
® Does not include THOR Pyrotechnics 7 108 4 D
adapter gfg ﬁ"ﬁ or ATLAS | ®TOTAL WEIGHT 7,772 14,578 14,608 s
adapter 2S. ). . :
. » . Separation Weight 7,746 14,552 14,582 T
Dual b . Theusi-lbs., vac. 15,000 15,000 15,000 c
© Dual burn operation. Spec. Imp.-sec., vac. 277 277 - 290
® Allegany Ballistic Laboratory.| Burn Time—sec. . 120 2400 2400 E
: AS Al AJ10-104 ®
AEROJET-GENERAL 1042 10-101 B AniE sTAR ABL 248K
- : H
Weight—wet 1,247.1 847.9 1297 59.5 i
Fuel | 8rsa 869.0 2,247 ® 4555 R
Oxidizer 2,499.6 2,461.0 6,227 ' (solid) D
TOTAL WEIGHT 46218 41779 9,771 L 515 S
Burmout Weight 1,308.6 944.1 1,419 50.5 A
- ) ‘ G
Thrust-bs., vac. 7,670 7,720 7,900 3,100 E
Spec. Imp.-sec., vac 267 267 278 : - 250.5
/)"‘9“"‘ Vehicle Combinalions
DISCOVERER (1 thrv 14). ... .. AD  MDAS(1and2)............. CD  ABLE4 ................ AHK
DISCOVERER (16 thrv 21). ... .AE MIDAS (3 and subs). .. .. ... ... CF  TRANSITIA ........... .. A-G-K
DISCOVERER (21 thry 29). .. .. B-F  SAMOS (1 thrv 3)............ CD  TRANSITIB, 2A,2B........ .. A-J
COMM. SATELLITE . .......... CE  SAMOS (4 and subs). ... . . ..., CF  COURIER.................. AJ
COMM. SATEWLITE . ........ ..C-F  ABLE-3

TIROS ........... PR AGK




Altitude—noutical miles

Altitude—nautical miles

T | " 1 Y T
THOR/AJI0-42/A8L 248 3000 THOR/AS10-101 /ABL 248
2000 -
Jﬁ 1000
800
600
1 "
400
z 3
200
1 L 1 1 1 1 1 Ol |
2 4 6 8 10 12 10 12
R i T ) T L]
THOR/AJT0-104 3000 THOR/AGENA “A™ and "3
2000
1000
: 4
800
600 3
1 L
400
r\ .
X
200 %
1 1 1 1 1 1 1 1 1 1 1
2 | é 8 10 12 2 4 [} 8 10 - 12
Poyload Waeight X 100 pounds Payload Weight X 100 pounds

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

4.. VAFB—AGENA “B" (XLR8!-8a-7)
5. VAFB—AGENA “8” (XLRS1-Ba-9)

P, .
i i L
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ALTITUDE—NAUTI

ULH 143

, é’wfda _.g i

Y

10000 \ | 1 T 800 “ B
o000 ATLAS/AGENA “A” and “B" - ) ATI.AS}A.IIO-IM/AII. 248 -
6000 5
2 o N\
: N —
3 2 \
2000 \
000 ,
800 1 200
600
400
34 36 30 40
00 T
200 - ATLAS/AJ10-101/ABL 248 —
1 2 3 4 8 400
: 4
» ATLAS/MERCURY
._nooc i 5
= 400 \
g% \
| 400 . '
s N
200 - 200
E o : N

SANNOd —1HOIAM AQVOIAVd
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PAYLOAD WEIGHT x 1000 POUNDS

1. AGENA “A“— Polar Orbit
2. AGENA “B“— Polar Orbit
3. AMR—90 degrees

_G%LiL n: Ll

BURNOUT VELOCITY—FPS X 1000

4, Lunar Probe
5. Venus Probe




DISCOVERER
SAMOS
MIDAS

COMMUNICATIONS
SATELLITE

SPACE SYSTEMS




i 1

The DISCOVERER Program consists of the design,
development and flight testing of 29 two-stage D
vehicles, using the THOR IRBM as the first stage

booster and the AGENA as the second siage, satellite }
vehicle. The program was established early in 1958 °
under direction of the Advanced Research Project’s \ i
Agency, with technical management assigned fo /

AFBMD. On 14 November 1959, program respon-
sibility was transferred from ARPA to the Air Force
by the Secretary of Defense. Prime contractor for the
program is Lockheed Missile and Space Division,
The DISCOVERER Program will perform space
research in support of the advanced military recon-
naissance satellite programs, .

- . - - K- - = e

PROGRAM OBJECTIVES

. (o) Fiight test of the satellite vehicle airframe, pro- v 782 fou
pulsion, guidance and control systems, auxiliary

power supply, and telemetry, tracking and com-
* mand equipment.

(b) Attaining satellite stabilization in orbit.

{c) Obtaining satellite internal thermal environment ,
data. r

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

(e) Testing of ground support equipment and devel-

W S ww e am em

opment of personnel proficiency.
i Conducting bio-medical experiments with mice r
and small primates, including injection into orbit,
fe-entry and recovery. SICOND STAGE ‘3:’:‘ .'-:f‘
. Weight— .
Inert 1,262 1328 1,346
! PROGRAM SUMMARY Poyload equipment _a 287 915
. " " Orbital : : 1759 2,218 2,216
Early loqndm confirmed vehicle flight and satellite Impuise propelicats et 12950 12.9%
; orbit mb“m“, d"_.'op.d system f.liﬂb"i'y, and Other 3 i1 M
l established ground support, fracking and data acqui- TOTAL WEIGHT 8,662 15,676 15722
T. ; i : i , bi Engine Model YiRsido-S  XIRS!-Ba-7  XLRS1-Ba-9
sifion requirements _.l.ofor'in the program, b omod.ioal e voc. 15,600 15,400 16000
and advanced engineering payloads will be flight Spec. lmp.sec., voc. 77 77 200
. tested to oblain support data for more advanced " Burn time-sec. 120 40 20
space systems progroms. DISCOVERER vehicles are THOR BOOSTER ~ . DM-18 © DMe21
. launched from Vandenberg Air Force Base, with Weight—Dry 6,950 5950
i . Foel 3375 337%
' overall operational control exercised by the Satellite Oxidizer (1OX) 68,200 48,300
Test Center, Palo Alto, California. - GROSS WEIGHT (lbs) 109,000 108,000
S Engine MB-3 T MB3
' Tracking and command functions are. performed by ‘ : Slock 1 Slock 2
) . Thrust, Ibe, (S.L) 152,000 167,000
the stations listed in-the Table on p.ogo A-4. A history Spec. Imp., s0c. (S.L) 2w 278
of DISCOVERER fiight to date is given on page A-5. Burn Time, sec. 163 163

woiemis-OFNTAL



Telemeiry ships are positioned as required by the
specific mission of each flight. Figures 2 and 3 show
a fypical launch trajectory from Vondinborg Air
Force Base, and figure 3 shows schematically a typ-
ical orbit. An additional objective of this program is
the development of a conirolled re-eniry and recov-

" ery capability for the payload copsule (Figure 4).

An impact area has been esiablished near -the
Hawaiion 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 return of a manned
satellite from orbip.

FLIGHT VEMICLE

The three versions of flight test vehicles used in the
DISCOVERER Program are defined in the launch
schedule shown on Page A-5. Specifications for the
two THOR configurations and three AGENA configy-
rafions used are given on page A-1, )

AGENA VEMICLE DEVELOPMENT

The AGENA vehicle was originally designed by the
Air Force as the basic satellite vehicle for Advanced
Military Reconnaissance Satellite 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 1o the selection of a guid-
ance system suited to achieving orbital injection in a
horizontal atfitude. As q result, an opfical inestial
system was ‘developed for vehicle guidance aond ¢

YAW

~ PERFORMANCE
CAPABILITIES

‘w ALTITUDE
200-20,000 MILES
~ ATTITUDE
ROLL = 0. DEGREE

PITCH - 0 DEGREE
= | DEGREE

NOSE CONE

/—FLEL AND

OXIDIZER
SECTION

SEPARATION
PLANE

HEL UM

SPHERES

ULLAGE ROCKETS

NITROGEN
SPHERE

gas jet system for orbital atfifude control. An urgent

(UDMKH)

need for attaining higher altitude orbits resulted in

development of the AGENA “B" versions which
included doubling the propellant capacity and addi-
tion of engine restart and extended burn capabilifies.
The YLR81-Bo-5 version of the LR81-Ba-5 engine,
developed by Bell Aircraft for B-58 aircraft, is used
on AGENA “A* vehicles.

Early AGENA ‘B vehicles will use a later version of
this engine (YLR81-Ba-7), redesigned to use
unsymmetrical dimethyl hydrozine fuel instead of
JP-4. The maiority of AGENA “B* vehicles will use
the XLR61-Bg-9 engine, incorporating a nozzle
explansion rafion of 45:1, and providing a further
increase in performance capability.




1. First Seage PMM ht.m—z.s minutes

grammed owlo pilot.

2. Coest Peried—2.4 minvies duration, to 380
n.m. downronge; guided and oHilvde controlled
byw.fd«mmm,bﬁamnm
ner, gos reaction jels. Receives AGENA fime o
ﬁnndnhdlybhmm.

3. Secend Stage Powered Hight—2 minuvtes

mﬁddbyinnﬁdrdmmm.bﬁ-
Toa sconner, gas reaction jels (roll) gimballing
ongine, accelerometer. .

4. Vebhicle Reerienis 10 Nose At1—2 minutes
duretion, 10 2,000 a.m. downrange. Guided ond
mnlldbyinmidnfumm.bﬁ-
Zon scanner ond gos reaction jels,

5. M—me(mul).

duration, 78 n.m. downronge, guided by pro.

duation, 10 770 n.m. downrange. Guided ond -

FPETL LT,

Schematic presentution
Jrom Vendesbery Air

s giren on puge A-J.

Orbital Trajectory

of orbital trajectory following lannch
Force Buse. Funciions berformed by

ecach siation und « listing of equipment used by each Station,

-

RECOVERY CAPABILITY

This objective was added 10 1he program
ter be first lasnch achiered rebicle
ight and orbit objectives successfully,

- It includes the arientation of the satellite

" webicle 1o permit u yecovera capsnle 1o

be sjected from the mose section of the
AGENA vebicle, Ejection is programmed
10 occar on command on the 171h orbis,
for capsnle impact within the predeser.
mined recorery area south of Hawaii,
Aircraft and surfuce. vessels are deployed
within the avea as 4 recorery force.

OIRECTION
OF TRAVEL

—E

CAPSULE RECOVERY SEQUENCE

Capsale ejection command 13 sent fo the satellite by the
Chiniak, Alaska ssation om the 16sh orbit. The vebicle
reovients its position (see inset) to permis ejection 10 occny
o & re-eniry trajeciory on the 17th orbit. T recovery cap.
sule parachute is actisaled at abont 30,000 feet, und .
ug’u beacon transmits & vadio signal Jor svacking pusposes.
recorery force is deployed in t recovery (imbact) avea.




BT T

-

| ‘ Facility Equipment _ ‘ ' Flight Function ‘ _

Satellite A Over-all control, convert tracking stations data fo obtain o predicted orbit
Test Center and generate mmmmmmammmmg o
stations for subsequent passes, predict recovery area. o

Vandenberg AFB "BCDEFGHIK Launch, ascent and orbital tracking, telemetry reception, trajectory meas-

3 vrements including time to ignite second stage.

¢ Y Point Mugy BCDEFGHUIKL Ascent tracking and telemetry doto recaplion, transmits command 1o .

1 ) _ignite ond shut down AGENA (via guidance computer),
Telemetry Ship OF Final stage ascent tracking and telemetry dato reception. l

. {Pvt. Joe E. Mann) _ ' ,

N . Annette lslond, - . Activily ot this station terminated 1 December 1959 dye 1o fund limitations,
Alaska (tracking
station)
Cape Chiniak, BDEFGHIK. Orbitol tracking and telemetry data reception, including first poss acquisi-
Aloska {tracking - tion, recovery capsule ejection and impoct prediction,

- siation)

Koeno Point, ~ BCDEFGHIK Orbital tracking and telemetry dato reception,
Hickom AF8 Over-all direction of capsule recovery operations, _
Oochv, Hawaii ’ :
* Equipment ) . —
o.?WNACHMMWm h, MM‘«M«MMI.MMM

. b. VERLORT (Modified Mod If) rador i Conversion equipment for teletype ironsmission of rador,

K e TUAIB selfrocking tetemer s , TUM-18 ond doppler racking data in binory forma

d. Tohelin i- Acquisition Programmar for pre-acquisition direction of .
¢. Doppler range detection equipment . k. Ground command 1o sotellite transmission equipment

f. Telemetry tope recording equipment l. Guidance compuier

g Telemeiry decommutators for real fime data presentation

GROUND SUPPORT FACILITIES . |

e

; In'r :
MOIUC

Ochu, Hawaii '
tiracking station] ‘




A. THOR—SM-75 / AGENA “A¥

8. THOR—DM-21 / AGENA “'B* C. THOR—DM-21 / AGENA *'8*

MB-3 Block 1 XLR81-Ba-7 MB-3 Block 2/ XLR81-Ba-9
- Flight History
DISCOVERER AGENA . THOR
Neo. Ne. lb. HMight Date Remorks
0 1019 160 21 Janva AGENA destroyed by malfuncti .
: i THOR nfl:‘uﬁ f:r nse on ﬂ:‘:k"X;l“
. i 1022 163 28 Feb 1959 ;Iz:ul orbit successiully. -Tdc-dry received for 514 seconds afser
5
n 1018 170 13 April Attained orbit Ronwu sule ejected om 17:h orbit
Ap was mot mnn:dmmmu: excops ::c’mry :mcal‘zly a:bnud'
- m 1020 174 3 June Launch, ascont J‘l‘ﬁ‘lﬂ, coust and orbital booss successful. Failoed
. to achiove orbit becanse of low performance of sasellite engine.
v 1023 179 25 June Same as DISCOVERER I11.
o v 1029 192 13 August All objectives successiully achisved exceps npnlo recovery after
ejection on 17th orbit.
vi 1028 200 19 August Same a3 DISCOVERER V.
- vil 1051 206 7 November Ansgined ovhit sxce lxﬁ 400-<cycle- power prm-td te-
bilization on orbis ald.a ch of *
vill 1050 212 20 November Attained ovbit ly. nmcti AGENA
. et P ' R i S .,mu"‘i"
not momd
IX 1052 218 - 4 Febrvary THOR skt down premasurely. Umbilical cord mas: did nos resect.
Quick disconnect failed, cansing loss of belinm presinre,
- X 1054 223 19 February THOR destroyed & T plus 56 sec. by Range Sefety Offcer.
Xt 1055 234 15 April Attained orbit .m'cu.rflll] Recovery capsule ejected on 17th orbis

was mol rec

All objectives except recovery smccessfully
achieved.,

AS



Flight Test Progress

® DISCOVERER XI was launched from Pad 5,
Vandenberg Air Force Base, at 1230 hours, PST, on
15 April. No technical holds were encountered during
the countdown. Terminal countdown fime was only
12 minutes, 45 seconds. Significant events occurred
as follows:

1. Liftoff was normal and boost frajectory was
nominal.

2. Second stage separation occurred at T plus
186 seconds. '

3. Trajectory during the coast period was slightly
below normal dictating early AGENA engine
ignition.

4. AGENA performance was very close to nom-
inal.

5. Orbital status of the vehicle was indicated by
ascent radar fracking.

® The resuiting orbit has a perigee of 109.5
statute .miles, an apogee of 380 statute miles, an
ecceniricity of .033 and an orbital period of 92.3
minutes. '

®  Acquisition was accomplished by every station
on every pass. All fifteen commands were received
and verified. The horizon scanner, inerfial reference
package, and gas jet control system functioned
exiremely well, resulting in excellent satellite attitude
stabilization. The satellite power supply, including
the two advanced design static inverters, performed
efficienty. The main batteries lasted through the 26th
orbit.

® DISCOVERER X! was the first orbiting AGENA
fo carry the dual-frequency doppler beacon (APL)
used in the TRANSIT Program. This vehicle also car-
ried four optical tracking lights which were visible at
night as a seventh-magnitude star. These lights were
photographed by cameras at a Smithsonian Astro-
physical Observatory station providing the most
precise satellite tracking data ever obtained. Both
frequencies of the doppler beacon operated and
were tracked during all passes. Sufficient data were
received to determine the accuracy of the TRANSIT
beacon and the DISCOVERER verlort radar stations
by comparison with precise optical data.

A6

®  Telemetry data indicate that the recovery cap-
sule was ejected on the 17th orbit as planned. A

: g‘oodtrockoffhoneovuycgmhhlanﬂrykam—

mitter was oblained by the Kasna Point station, show-
ing a high re-eniry trajectory beyond the capability
of the recovery forces. Analysis of all available data
is being conducted to determine the cause of this
high trajectory out of orbit.

®  Four AGENA “B” vehicles have been added to
the DISCOVERER Program. These additional vehicles
bring the DISCOVERER/AGENA “'8” total fo sixteen.

Technical Progress
Second Stage Vehicles

- Differences in DISCOVERER vehicle configurations
are defined on page A-5.

Figare 1. Opiical tracking lights installed on ipment
8 4 rack of ISEOVM X1 o ogwi



®  The AGENA “B” vehicles (XI.R-O'IBG-? engine)
for DISCOVERER fiights XVI and XVIil underwent hot
firing tests on 1 April and 19 April, respectively, ot
the Santa Cruz Test Base. The vehicle for flight XVI
has been returned fo the System Test Area for rework
and a second system check prior 1o Air Force accept-
ance. Additional hot firing tests of this vehicle will
not be roqulnd

®  Preliminary Fiight Rafing Tests (PFRT) of two
XIR-81Ba-7 engines were completed during the
month at the manufacturer’s plant. The gas generator
* propellant valve malfunclioned during the tests and
will be redesigned and refested.

® Testing of nozzle extensions for the XLR-81Ba-9
engine confinved ot Bell Aircraft and Amold Engi-
neering Development Center (AEDC). All tests of the
45:1 area rafio fitanium nozzies have been success-
ful. This noxzle has been released to production ond
will be used on flight vehicles. However, develop-
ment of an uncooled noxzle which will provide a
‘weight savings of five to fen pounds and sunplify
fcbnonfion is couﬁminq

®  Accepiance fesis of the XLR-81Ba-9 engine at
the engine contractor's facillly revealed erosion of
the thrust chamber throat. LMSD propulsion system
representatfives reviewed the problem with Bell Air-
craft engineers and a program which provides for
tighter confrol and acceptance testing of engine
components is being established. A procedure for
coating the thrust chamber with Zirconia is being
institluted and iniocﬁon modifications are being made
which should reduce the cmount of thrust chamber
throat erosion.

® The Preliminary Flight Rafing Test (PFRT) pro-
gram for the XiLR-81Ba-9 engine is scheduled to
start 15 May using the existing thrust chambers.
An additional PFRT program will be conducied to
. prove the realiability of the thrust chamber modifica-
fions prior fo the first launch.

Antennas

®  Type testing of the transistorized S-band beacon
was accomplished during the month. The successful
completion of these lests qualifies these weight sav-
ing beacons for use in the AGENA “B** vehicle. One

Figure 2, Firss DISCOVERER/AGENA "B" sebicle being
installed in tess s1and 2 ut Santa Coas Test Base. This vebicle
will be used on the DISCOVERED XVI Right
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_of the beceonslsundofgdng compatibility tests at
Vandenberg Air Force Base. The first flight beacon
hmbcmd.lvmdblMSwaImbﬂcﬁoninthc
AGENA ‘B’ vehicle.

Biomedical Capsules

® _ Upon arrival at LMSD in of the test capsule,
blomedical onvimmomul | tast-

ing of _fﬂgrht components will bogin. Vlbration,
«nﬂfugomdimpodmudoﬂgmdtomnuu-

able flight omeduM

Ground Svppon Equipment

®  Two new pieces of ground handling equipment -

for the AGENA “'B” vehicle are now in use. The first
is a ground handling dolly adapiable for either

A8

AGENA “A" or “B" configurotions. The vehicle will
be mounied in this stand during assembly and check-~
out. The other piece of equipment is the vehicle
transporter. This traller will be used to fransport the
AGENA “B" vehicle beiween LMSD, Santa Cruz Test
Base and Vandenberg Air Force Base.

® . An AGENA “B” facilities checkout vehicle for
use af Yendenberg Air Force Base was completed
during late April. This vehicle is copable of faciliies
checkout for the DISCOVERER, SAMOS and MIDAS
programs.

Facilities

® The construclion contract for the Vandenberg
Air Force Base propeliant storage and disposal
fodmyhcsbunmrdodwlﬁleomphﬁonsdndulod
for September.

Tm Area (loft). N,
AGENA “B” vebicle
to Sansa Crux Tess Base.

th-n 3. AGENA “B” vebicle monntod
sow ground balbng dolly in Systems

mrf:m.b




BOOSTIR—ATLAS ICBM

Weight-—Wet 15,100
Fuel, 2P-1 74,900
Oxidizer (LOX) 172,300
GROSS WEIGHT (ibe.) 262,500
Engine—MA-2
Thrust (lbe. voc.) Boost 356,000
Susiainer . 82,100
Spec. Imp. (sec. vac.) Boost 286
Sustalner 310
) AGENA
SECOND STAGL upn ugn
Weight—
inert 1,508 1,695
Payload equipment 2,608 3058
Orbital 4,113 4753
Impuise Prepeliants 6A92 12,950
‘Osichzer IEPA)
. ! 606 718
GROSS WEIGHT (lbs.) 1,211 18421
Engine YiRS1-80-5  XLRS1-Ba-9
Theust, (be. {vac) ’lug lé%
] 3
g madeebs B4 240
Figure 1,
Artists’ concept of SAMOS sasellite.

Line drawing of complate flight
vebicle (riést and detailed view of
basic AGENA spper siage (lefs).

»—~FUEL AND
OXIDIZER

(\‘s";""cm

SPHERES

'n ,0.5 2 |

PROGRAM HISTORY

The SAMOS Program was included
in Weapon System 117L when
WS 117L was ransferred 1o the
Mm«dltuocnhl’roiochAganq
early in 1958. ARPA seporated
WS 1171 into the DISCOVERER,
SAMOS and MIDAS programs with
the SAMOS objectives based on a

‘visval and ferret reconnaissance

system. On 17 November 1959
responsibility for this program was
transferred from ARPA 1o the Air
Force by the Secretary of Defense.

The primary mission of the SAMOS advanced
reconnaissance system Is to provide visual and
electronic reconnaissance of the USSR and its
aliied nations. Efforts include development of
hardware to permit:
"a. Determination of characteristics of enemy
electronic emissions,
b. Verification of known targets, detection of
PLANE unknown targets.
¢. Location and evaluation of defenses.
~ d. Evaluation of military and industrial
strength.
LIUM e. Asmsmcntofhigh—yioldwoapomdomcqo.
f. Reconnoitering of troop movements.
9. location of naval forces throughout the
world.
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. Ferret Reconnaissance...



Pignre 3.
Sci::m'c of SAMOS system
in operationdl orbit. W ben the
sasellite is over the area of
interest the sensing equipment
L o s
ering). it s
the mfof interest the m;
ing equipment is inrned o
mfid:lc sensing data is proc-
- assed (Information storage).
When the vebicle to:;c: u)‘ttb-
in range of a receiv-
i:fd .rlfm:,f tln"zu will be
read-ont spon command for
processing Ldmmnj to
asing agencies. This process
is comtinnossly repeated dur-
in tf: xuft/ lifetime of the
vebicle.

Figwre 5.

Tbcwwrumdumpfogrmuﬁllmum stations sbru & date link. Grownd elsciromics will recon-
ventional phoso techmigues wish automaic film proc- vert she signal inso photo smage form, with & capabilizy

essing and TV -type electronic image readosut to grownd of resolving objects 20 fest in length.
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Figure 6. SAMOS concept, showing reception of commands and bransmission of data
between satellite and ground station; and subsystem functions (schemaic),

For economical testing of components a dyal-
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
refrieved in the recovery system. Ferret data will ba
transmitted 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 incude a re-entry capsule and a recovery
force.

CONCEPY

ATLAS Series D missiles launched from YAFB will
boost the AGENA vehicle info polar orbits. Injection
into 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 entire earth in a fime period depend-
ent upon the width of the area under surveillance.
Early versions will have a useful life of approximately

ten days. The readout systems will have a useful life
of four months with o design objective in certain
configurations of one year; recovery systems will
have a useful life of fifteen to thirty days.

TECHNICAL DESCRIPTION

Visval Program—Payioad camera, film processor
and electronics readout equipment are being devel-
oped by Eastman.Kodak Co. Cameras having a
36-inch focal length are being used. The payload
equipment includes automatic film processing, film
fransport and take-up, electronic readout and tem-
peraiure controls. The recoverable system will retain
both the exposed film and the 66-inch local length
camera. .

Ferret Program—Ferret payloads are being devel- -

oped on @ progressively more advanced basis from
R&D (F-1) to advanced systems (F-4). The F-2 all-
digital, general coverage payload will use super-
heterodyne scanning receivers in conjunction 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 tracking stations. The F-3 payload will
use similar receivers with sfop-scan capability and
controllable antennas added. Recording of the actual
signal intercepted (rather than the digital represen-
tation) will be possible with o bandwidth up to mec.
A complex programmer will permit satellite search
of a given area or frequency range.




Monthly Progress—3SAMOS Program
Second Stage VohHu

® The AGENA vehicle for the first SAMOS fight
is undergoing system checks in the System Test Area.
Late defivery of airborne communications equipment,
vehicle wiring changes and problems encountered in
completion of the systems checkout complex has
caused a one-month delay. The wiring changes were
completed on & April, the UHF narrow band trons-
mitter was delivered on 14 April. The systems check-
out complex is complete except for equipment to
check out the UHF wide band transmitter. Completion
of systems tests and shipment to Santa Cruz Test Base
for hot firings is schedulel for mid-May. -

®  The second AGENA flight vehicle was delivered
to the System Test Area on'1] April. Vehicle wiring
changes caused o two-week delay in defivery.

®  Final assembly of the third and last AGENA

A" vehicle is in progress. This vehicle will be
delivered 1o the Systems Test Area on schedule.

®  Design efforls for the first of seven AGENA “8”
vehicles scheduled o carry the recoverable payload
(E-5) are proceeding on schedule.

Visval Reconnaissance Systems
®  Visval Roconncimmu' System payloads are
being developed in a minimum number of configura-
tions to attain readout and recovery mission
objectives. The design and purpose of each configy-
ration is as follows:
Regdout: -
E-1—Component Test Payloads
E-2—Steerable Reconncissance Payloads
{with 20-foot ground resolution)
Recovery;
E-5—High- Resolution, Steerable, Recoverable
Payload (with 5-foot ground resolution)
Payloads
® E-1 Payloads—Operational tests of the second
E-1 payload were successfully completed and the
pcylocdmomphdotﬁaﬂmonkoddkonll
April. The tests were of 19 and 48 hours duration.
The payload is being prepared for subsystem testing
and installation in the vehicle. A thermal model of
the E-1 payload also was delivered during the month.
This model will be used for additional environmentol
testing. Modification and checkout of the third E-1
payload is confinuing.

Figure 7. The firss SAMOS/AGEN A vebicle dtn'n‘i:lfm'lou in the Spﬁu:: Test Area. The E-1 and
orward basdling fixture,

F-1 payloads are mounted on

[T




® E-5 Pdyloads —the basic design approach was
established and preliminary interface problems
involving the E-5 recovery payload were resolved
during this report period.

Grownd Support Equipment

®  The vacuum test chamber for use in leak testing
E-1 and E-2 payloads prior to launch and the E-1
test console was shipped to the Missile Assembly
Building at Yandenberg Air Force Base during the
first week in April. Installation and alignment of the
E-1 collimator and checkout of the E-1 /E-2 ground
reconstruction elecironics equipment at the Missile
Assembly Building are nearing completion. Delivery
of the operating console and the ground reconstruc-
tion electronics equipment with repeater kinescope
for the Yandenberg tracking and acquisition station
is scheduled during May.

Ferrett Reconnaissance System

®  Ferrett Reconnaissance System payloads are
being developed in a minimum number of configura-
tions. The designation and purpose of each
configuration is as follows:

F-1—R&D Test Payloads

F-2—Digital General Coverage Payloads

F-3—Specific Mission Payloads—Analog

Praonhﬁon_
F-4—Technical Analysis {study stage only)

Payloads

® F-1. Payloads— Significant refinements were
made in F-1 payload design during the report period.
Circuitry improvements being tested on an F-1 service
test model at Airborne Instruments Laboratory indi-
cale a potential increase of approximately 5 db
pulse width measurement sensitivity.

® F-2 Payloads — Environmental test of the F-2
thermal mockup were conducted in the high alfitude
temperature simulator early in April. Preliminary
analysis of the test resuits indicate that the use. of
surface coatfings will provide the required thermal
conirol for all orbital conditions,

Ground Support Equipment

® Installation of the F-1 data conversion equip-
ment at the Satellite Test Center was conipleted
ahead of schedule. This equipment converis the F-1
payload digital data for data processing. Checkout
and preliminary system testing will start soon.

B8
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Communications and Conlrd Equipment

®  The first of the three AN/GPS-TIA calibration
vans was received at LMSD on 8 April. These vans
will be used fo transmit calibrated signals to F-1 and
initial F:2 payloads in orbit. The first van will be used
for crew training and will then be fransported to its
assigned station along U.S. Highway 30. Vans 2 and
3willboplocodd400milcinhmlsdongthis
highway. These vans are scheduled to be delivered
during May.

®  Seventy percent of the UHF ground system
equipment has been delivered to Vandenberg Air
Force Base and installation has been started. The
majority of angle tracker ranging system and data
receiving equipment components (including the 60-

_ foot tracking and acquisition antenna) are on the

site. The command transmitter antenna also has
arrived at Vandcnbug Air Force Base.

L] Thodloﬂcgoofomphbhmnmn fubes for
the narrow band transmitters may result in the substi-
tution of a fransmitter manufactured by General
Electronics Laboratories on early SAMOS flights.
Because of the tight delivery. schedule, instaliation of
the transmitter will be accomplished ot Vandenberg
Air Force Base on early SAMOS vehicles. :

® Installation of the first Model 1604 computer

and most of its support equipment in the Satellite
Test Center was accomplished on fime. Acceptance

tests, which include 72 hours of computer operation -

using programs and operations with known results,
were completed late in April, :

Figure 8. The vacanm test chamber ::‘or s t'uh;ldiu in
the Missile Assembly Buailding at V. vg Air Force Base,

et
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Facllities . ] :

® VYandenberg Air Force Base—Completion of the
technical supporting building is scheduled for
October. Completion of the SAMOS laboratory build-
ing is scheduled for July. Consiruction of the dala
acquisition and processing building is complete and
"instaliation of equipment is in progress. Design of a
data acquisition and processing building modifica-
tion to permit instaliation of a new computer has
been completed. Bids for construction have been

adverfised with completion scheduled for July. The -

last two consoles for checkout complex 2A in the
Missile Assembly Building were delivered on 26 April.

-®  Offuit Air Force Base—A construction contract
has been awarded for the construction of the interim

WDLPM+4 205

data processing facility. Notice 1o proceed has been
doforrodbyroquutoflthnduSmhtyloc
Air Force.

® Point Argudlo—lmfdlcﬁon of the launch conirol
equipment for pad 1 is nearing complefion. All
ground handling and service equipment for both
pads has been delivered to the launch site and
instaliation of the equipment ot pad 1 is uienlially
complete. Acceptance testing of the launch monitor-
ing control equipment for pad 2 was compieted on
25 April af LMSD. Final acceptance of launch pad 2
is scheduled for May. The beneficial occupancy date
for the technical support building is now scheduled
for August.

Flgm 9. Model 1604 compuser (left)

bowing page frame consiruction

\ mawdcmdc(’d-“‘)

-dollmn-pﬂnmtdldmth

i i
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Figuve 1. Avsise's concept - of MIDAS
sasellite (right). Drawings below show

Y

complete 1wo-3, ight vebicle (right
o € second npy
vebicle (left). '

! SICOND STAGH
ot Weight—
Inert
S— Payload equipment
. f)otlhl
mpuise Prepeliants
Fuel (UDMM) .
Onidizer (IRFNA) . e ,
- Other 606 758 -
l GROSS WEIGHT (he) 11,909 7.2 . A
Engine YIRB1-Be-5  XLRS1-Bo-9 ' s -
Thevet, tbs. (vec) 15,600 16,000 F
l Spec. Imp., sec. {vac.) 277 29 .
Surn Time, sec. 120 240
Reslart Provisions No Yeos ‘
AGENA
¢ ! ‘ i AN e
I o -
BEACON — < -~ DESTRUCT
ANTENNA \
ll THERMAL L NOSE CONE™S-TM EXI EQUIR -~OXIDIZER
SHIELD ANTENNA SEPARATION ANTENNA COMPT. TANK TANK uoos‘ L/ ‘ms
l NOTE: AGENA “A” configuretion except . ":;':_'w"m ne v
for solor GENA B~ ot A
podde W o : Fuel, RP-1 74,900
Oxidizer (LOX) 172,300 .
GROSS WEIGHT (lbs) 262,300
) . Engi 2 ,
' Thrust {Ibs. vac.) Boos! 356,000
‘ Sustalner 82,100
Spec. Imp. (sec. vac.) Boost 286
Swiainer 310
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ENTER ELLIPTICAL ORBIT ‘ .
PERIGEE OF s " .
COAST ELLIPSE P 7 |80 COA_S‘I’\ o 3
w— — ~—
. / . _ -

AGENA —-\ , 7/
IST. . ‘

- ISON. M1,

SEPARATION &
VE.RN'ER—\’/ SHORT COAST
( /—sus
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Figure 2, ' . aititude reference. Also governs velocity magnitude and
Launch-to-orbit srajectory for flights 3 and subsequens, Opti. direction by inertial guidance system monitored by horixon
mam ATLAS booss, guided by radio-inertial system. Jcanner. Orbital attitnde maintained by reaction wheel and
AGENA ascent (coast, barn, coast, second burn) provides . gas jets, :

l
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PROGRAM HISTORY

The MIDAS Program was inclvded in Weapon
System 1171 when WS 1171 was transferred
to the Advanced Research Projects Agency
early in 1959, ARPA subsequently separated
WS 117U into the DISCOVERER, SAMOS and
MIDAS Programs, with the MIDAS objectives
based on an Infrared reconnaissance system.
The MIDAS (Missile Defense Alarm System)
Program was directed by ARPA Order No.
38, dated 5 November 1958 until transferred
o the Air Force on 17 November 1959,
AnARDCdcvdopmontphnforcfonﬂigM
- R&D program has been approved. This R&D
program will make possible the achievement
ofa rdiohloopﬂdiondmhmby 1963.

Figwre 3.
Proposed MID AS syssem. Fowr sasellises Ipaced squidistant in each of
two orthogonal planes at 2,000 w.m. altiswde. Provides maxsmum coy-
orage of USSR wish mimimum number of satellises.

8




el
Data telemaeiersd instantaneonsly to AS
Contrdl Center via far worth readont stations.
Decoded dasa reveals ap
ber of missiles launched and lasnch location,
digection of travel and burnin characteris:
tics. Map above sbows proluh&

one. MIDAS satellite detecting an ICBM
launch in each of the illussy
the USSR. These probabilities are based on
Leometric considerations,

ignre 4.
% sasellites detect infraved radiations
cf by Sovies ICBM's in powered flight.

oximately the num-

ty of at least

segments of

WDLPM+4 205

TECHNICAL HISTORY
The MIDAS infrared reconnaissance payload

is engineered to use a standard launch
vehicle configuration, This consists of o D"

. Series ATLAS missile as the first stage and the

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

Thcﬁn“woof'holonl&bﬁlqhbﬂllm
the AGENA “A” vehicle which is programmed

fo place the payload in a circular 261 nauti-

cal mile orbit. Subsequent flights will utilize
the ATLAS/AGENA *“8* configuration which
will be programmed o place the payload in
a circulor 2,000 naufical mile polar orbit,

c3
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"ICBM ATTACK SITUATION

VERIFIED

CONCEPT , v

The MIDAS system is designed to provide
confinvous infrared reconnaissance of the
Soviet Union. Surveillance will be con-
ducted by eight satellite vehicles in accu-
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-
out of acquired data by at least one of

Figure 5:‘ y :

Simplified version o 5en-
mo&h Ij‘ tem (left) %’l:; of
infnrJ reconnaissance data. The
data is displayed on a4 TV monitor
with 4 map overlay. The chart below
shows data flow from the readont
Basions to decision-making agencies.
The MIDAS Control enter, or
other nsing agencies having a corre-
lated grownd stabilixed display, can
determine when an acindl attack has
been laxnched. The decision to
connteratiack is made by the Presi-
dens, with all affected agencies react-

ALARA B DATA

ATTACK

DECISION TO
COUNTER ATTACK

ing as preplanned.

\\ 1 by
oy I

three strategically located readout stations.
The readout siations transmit the data
directly to the MIDAS Conirol Center where
it is processed, displayed, and evaluated
(Figure 5.) If an attack is determined to
be underway, the intelligence is communi-
cated 1o a cenfral Depariment of Defense
Command Post for relay fo the President
and all national retoliotory and defense
agencies.

O > CONFPENTIAE, ...,
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Monthly Progress——MIDAS Progra

Flight Test Progress '

@ Preparations for the second MIDAS flight con-
tinved during the month. This flight was rescheduled
from late March to 12 May because of problems with
both the AGENA vehicle and the ATLAS booster.
The diodes in the AGENA flight control package
“have’been replaced and o special wiring inspection
and servicing was accomplished to improve reli-
ability. The present launch dats is indefinite pending
a solution of the ATLAS combustion instability prob-

® AFBMD has authorized preliminary planning and
design work in support of two additional MIDAS
flights using THOR/AGENA vehicles from the
DISCOVERER program. These flights which would be
scheduled for late this year, are contingent upon
the results of the second MIDAS flight. The pre-
liminary design of required modifications to the
DISCOVERER/AGENA vehicles has been initiated.
These THOR boosted flights would be boosted into
polar orbits from Vandenberg Air Force Base..The
payloads would be the “'B* prototype ‘Baird-Atomic
scanner, modified for flight purposes, and the
Aerojet-General scanner No. 3. Ground support
equipment used for flights one and two would be
transferred from the Atlantic Missile Range to Van-
denberg Air Force Base to support these additional
flights. The major objective of the proposed interim
flights would be to obtain basic payload data for
evaluation and analysis.

@ An investigation is being made of the feasibility
of extending MIDAS operational system capability to
provide worldwide coverage, including detection of
IRBM and Fleet Ballistic Missile lounches. The study
will consider the number of additional satellites and
ground stations required to support this expanded
program. The final report on this study is due in June.

Technleal Progress
Second Stage Vehicles

® Design aond fobrication of the AGENA *B“
vehicle for the third MIDAS flight is proceeding with
complefion programmed for 11 July. Because of
longer prelaunch pad time than originolly scheduled,
the launch date will probably be delayed from
December to early 1961,

Figure 6. AGENA vebicle for MIDAS fight 2 prior t0
mating with ATLAS booster a8t AMR tand 14.
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® A program has been developed 1o test the struc- .

tural design of the solar auxiliory power array. Two
types of tests have been proposed: static—to subject
the array fo torsion and compression loads; and
dynamic—to subject the array to vibrational forces.
This program is intended to simulate the orbital con-
ditions which will be experienced by the solar array.

Infrared Scanner Units

Infrared scanner unils for the first two MIDAS fiights
are being manufaciured by Aerojet-General Corpo-
ration, and for flights 3, 4, and 5 by Baird-Atamic,
Inc.

®  Acceptance of the first Baird-Atomic scanner has
been delayed until 22 May. The binding of the turret
bearing during low temperature tests in the high
altitude test chamber indicated thet a modification
of the bearing was required. The schedule slippage
was caused by the redesign of this bearing. A new
bearing has been delivered 1o the coniractor for
installation in the scanner.

® The development of the two Baird-Atomic dis-
play consoles is proceeding on schedule. The first
console is scheduled for delivery on 15 June, the
second will arrive approximately one month later.

Figure 7. The thermomechunical

equiralent model of the Baird- .

Atowic, Inc., infraved detector wonnted om lest ﬁ;ure Cprior s
lessing in the High Altitade - Tempesatuse Simulation Chesber., ‘
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Facilities : - ®  Construction of the North Pacific station techni-
4 fadilities at Donnelly Fiats, Alaska, and the support
fadilities ot Fort Greely, Alaska, were resumed on 1
April. Facllities are scheduled for completion on an
incremental basis from July through Ociober..

Su are being continved to locate a suitabie
site for the North Atlantic station.

WDLPM+4 205




The Communications Sateliite Program will investi-

gate the feasibility of using synchronously spaced

satellites as instantaneous repeaters for radio com-

munications. Under ARPA Order No. 54, as
‘amended, AFBMD is responsible for the design,

development, and flight testing of the complete

system, including launch, satelfite fracking 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 rhlcrmvo com-
* municafions 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.

Fijﬁtg 1. Proposed satellite with jmi:;-dlc
" faiving mounted on AGENA second sage,

Communications
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more - advanced phases was replaced by a single.
integrated effort fo which the code name ADVENT
mopplied.ADVBiTmﬂsfo:anl&Dmgmfor
a 24-hour global communications satellite system.
The feasibility of placing a ‘satellite in o predeter-

- mined position in a 19,300 mile equatorial orbit must
‘be demonstraied. The satellite must be capable of
- providing worldwide communications on a real time

basis at microwave frequencies with o high channel
wide bandwidth capacity. Amendment 5 also
requires the design of o single final stage vehicle for
microwave equipment compatible with launching by

either AGENA “p” or- CENTAUR second stage
boosters.

The ADVENT program, as defined in omendment
S,ﬁnmtﬁmmbwinomm:

. Four ATLAS/AGENA B flights, nominal 5,600
navfical mile orbits, .

b. Seven ATLAS/CENTAUR flights, launched from
the Atlantic Missile Range into 19,000 mile
equatoriol orbits.

¢. Three fiight tests, using payload space on

 NASA ATLAS/CENTAUR R&D flights Number
4,5, and 6.

Figure 2, Am':t’:'mucpt of proposed microwave communications,
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Monthly Progress—
COMMUUNICATIONS SATELLITE Program

Program Administration

®  Two development Plans have been prepared by
AFBMD in compliance with Amendment 5 (dated 11
April 1960) to ARPA Order No. 54. The first plan
includes four ATLAS/AGENA launches early in the
program. The second development plan is identical
except that the four early launches are eliminated.
The principle program objectives could be more ade-
quately supporied if the funds for the ATLAS/AGENA
launches were made available for ATLAS /CENTAUR

" launches later in the program.

Technical Progress
UHF Communications Equipment

® A phasing-out program for the UHF communica-
fions equipment has been started, calling for com-
pletion of at least three satellite repeater units and
a minimum omount of test equipment. These units
will be delivered to WADD where refiability life tests
and simulated system evaluation tests will be con-
ducted. - :

Microwave Communications Equipment

'y Draft specifications for the ground antenna,
ground stalions, and the satellite package were com-

pleted by the United States Army Signal Research’

and Dovolopmqnf Laboratory and reviewed by the
Air Force Ballistic Missile Division on 20-22 April,

A Tln'tcsf }opon from Varian Associates on the

high power, 8000 mc kiystron tube will be delivered
on 15 May. '

Lavnch Yehicles

® " A study has been performed 1o determine the
modiﬁcaﬁogs required .and the payload capability
increase that would result from using the “E" series
ATLAS booster instead of the “'D** series. Results of
the study indicate greater reliability for the “'p*
series and an Jincreased payload weight capability
of 90 pounds for the “E” series. -

®  The use of various amounts of liquid fluorine in
combination with the oxidizer (LOX) on both the

. ATLAS and CENTAUR ' stages was investigated.

Results show that a 20 percent fluorine-LOX mixture
in the ATLAS increases the final stage vehicle pay-
load capability by 220 pounds and an addifional

120 pounds by using the same mixture in the CEN-

TAUR. Further studies will be made to;

 ma " . O al
Y- ¥
. L/'\,‘.; 5 oF i‘AL

1. Determine the toxicity and resulting hazard
of flvorine exhaust gases.

2. Evaluate the matericl compatibility of com-
ponents with fluorine.

3. Resolve thrust chamber cooling problems.

4. Determine ground support, handling, storage
and mixing methods for fluorine.

©® A review of CENTAUR static.tests indicates that
the estimated nominal specific impulse of 420 sec.
onds is correct. Several static tests have indicated a
specific impuise of 428 seconds, further develop-
ment and testing is required before this higher valve
can be assured for oll engines. B

® A study of increases possible in payload weight
capability by using 24-hour inclined orbits rather
than 24-hour equatorial orbits was completed. The
payload weight capability for the ATLAS /CENTAUR
configuration increases from 1100 to 1600 pounds
when the orbit is inclined ot 28.5 degrees to the
squator. As the angle of inclination increases, the
weight capability decreases and ot 40 degrees is
1550 pounds. Trajectory studies also were made of
24-hour polar orbits, launched from the Atlantic
Missile Range. ' '

Final Stage Vehicle

® General Electric Missile and Space Vehicle
Depariment is making the transition from designing
the final stage vehicle for the UHF mission to that of
the microwave version. Previous studies are being
adapted to the new program. Vehicle analysis,
based on the equatorial program description, is
being accomplished. Configuration, internal arrange-
ments, a new external environment specification, and
test planning are in process.

® A series of studies has been completed fo deter-
mine the modifications required io make the 24-hour
final stage vehicle compatible with a 6-hour orbit
inclined at 34.2 degrees. These ATLAS /AGENA
flights would be launched from the AHantic Missile
Range. Results of the studies include:

1. The communications antenna must be rede-
signed to increase the radiation beam width,

2, Tempergture controi and elecirical power sub-
systems are more than adequate,

3. Modification of both the attitude and orbital
control subsystems will be required to maintain
antenna and solar array orientations,




" 4. The same p&pulsion system will require less
propellant lo accomplish orbital injection.

5. internal structure and packaging will require

redesign for the new mission,

D-4

6. The 6-hour orbit is feasible. A final stage

velocity of 1085 fi/sac is required 1o complete the
launch trajectory and to perform post orbital cor-
rections. .

® Vacuum bearing tesis, radiation effects on mate-
rial studies ‘and other test programs for acquiring
design data are being continved.
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Figure 1. ABLE-3 fight tess vebicls being lawnched from Atlewtic Missile Raewge. Dimensional drawing
(lsfs) of four-szage ABLE-3 vebicle,

El




Flight tests of the three ABLE-1 vehicles in 1958 con-
firmed the feasibility of using this three stage vehicle
fo launch satellite payloads on interplaneary space
probe missions. Objectives of the ABLE program
were further defined in AFBMD proposals submitted
to NASA and ARPA late in 1958, In October 1958
NASA, given cognizance over the eoffort, requested
AFBMDbpmuodwithiboABl.E-:)andlwoAllE-4
projecis. In February 1960 NASA authorized the
two-flight ABLE-5 (ATLAS boosted) program. The
lunar satellites will be launched late in 1960. Gen-
eral objectives included demonstration of vehicle and
communications capability and performance of scien-
tific research experiments over interplanetary dis-
fances. A four stage vehicle was selected consisting
of @ THOR or ATIAS first stage, an ABLE second
stage, ABL 248 solid propellant third stage and the
satellite vehicle fourth stage. A hydrazine engine
“with multi-stort capability was developed for the
ATLAS boosted vehicles to permit midcourse vernier
control and to provide controlied thrust fo inject the
vehicle into orbit about another planet. Solar cell
auxiliary power equipment was developed with o
useful life period in excess of one year. An extensive
network of ground support stations was established,
the most powerful of which is the 250-foot antenna
at the Jodrell Bank Experimental Station, University
of Manchester, England. Central controf and data
computation is accomplished ot the Space Naviga-

Figave 2. ABLE3 third stage end .
load (abore) with soie” pesen £, & pemore}

exiended. Dyawing of exiremsly elliptical
io,rlb)it achieved 5]‘ -3 (. D%PLOPRER

E2 ‘GG‘N‘F‘I‘B-EN:HAE

tion Center, Los Angeles, California, with other mili-
tory and NASA centers assisting in fracking and
telemetry according to the specific requirements of
each mission. The flight histories of ABLE-1, ABLE-3,
ABLE-4 ATLAS and ABLE-4 THOR are summarized in
the following paragraphs, followed by o description
of the ABLE-5 projecis.

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 a

: fourth stage consisting of the payload and an injec-

fion rocket. In addition to carrying a highly sophisti-

‘cated payload, the ABLE-3 flight was used to

demonsirate the validity of the ABLE-4 vehicle and
component configurations. All phases of the lound\-i
ing 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 devia-

- fions in apogee and perigee occurring on the more

than nominal side. The payload was the most sophis-
ficated fo have been placed in orbit by this nation
at the time and contained provisions for conducting
13 experiments in space environment and propaga-
fon. A weclth of valuable deta was obfained from




transmit crude television images of the far side of

. the moon. This was the first flight in which an ATNAS
ICBM was used as the booster for o multi-stage
space flight. :

ABLE-4 THOR 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 fo 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 a 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
\ payload contains instrumentation for conducting

- Fi, 3. ABLE-4 ATLAS vebicle configuration drewin and
e vebicle installéd on Afﬁ lannch pad. ¢ bhoto o}

satellite telemetry unfil the last transmission was
¢ received on 6 Ociober. It js believed.that the satel-
lite, while yet in orbit, is incapable of generating
sufficint power for transmitting signals due 1o solar
paddie damage suffered during initial paddie exten-
sion and the resultant unfavorable sun “look” angle.

. ABLE-4 ATLAS-— This vehicle differed from the
- ABLE-3 only in that an ATLAS ICBM was used as the
- first stage instead of a 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-
o ~ imately 48 seconds after launch. The ATLAS per-
formed as planned over iis entfire powered ﬂighf
trajectory. The trajectory of this flight, from the
= Atlantic Missile Range to the vicinity of the moon,

: was established to achieve the fightest possible cir-

cular lunar orbit consistent with the highest proba-

. bility of success. The final burnout conditions were
: to have provided an inertial velocity of 34,552 feet .
per second. The payload was designed fo investigate Figure 4. PIONEER V saellite vebicle shown in orbital flight

space environment and propagation effects and to m:’,,“#" toler sasellte wes lennched from AMR ox 11
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D. Setalite Vehicle

Gross Weight 714 b
Groes Weight (Bumout) << WP
Specific Impulse {vac) 230 suc
Theust jvac) 1831
C. THIRD STAGE ABL 248-A9 ‘
Gross Weight 87.41b
Gross Weight (Bernout) 427 b
Specific impuise {voc) : 250.5 sec
Theust (vac) 3100 id
8. SECOND STAGE AJ 10-101
Gross Weight Sst3 b
Groes Weight (Bumout) 1818.1 Ib
Specific Impuise {voc) 268 sec
Thrust (voc) 7575 b
i A. FIRST STAGE ATLAS “D"
Gross Weight 266,390 Ib.
Gross Weight (Burnout) 1,790 b
Threst (S. L.} 316.5 sec
Specific Impulse (voc) Sustainer 81,88 b
| Thrust {voc) Sustainer 290.6 sec
Specific Impulse (vac) Booster 251 sec
N Specific Impise (S. L.} Booster 367787 b
‘ R Figare 5. ABLE-3 vebicle configuration drawing end specifcation lin. Thind
=i }1‘ siage and p?lod coﬁ,:;‘iu (right). Trajectory of AELJ; into lunar orbis
is shown in drawing ( ). . -

scientific experiments related to magnetic field and m:{ m LEGEND

radiation phenomenon in deep outer space. Also

included in the satellite is @ 150-wait fransmitter ' T PATH OF MOON

which is expected fo permit communications between \ = = == ABLE-S TRAJECTORY

the satellite and earth over an approximately 90 \ === == SATELLITE ORBIT OF MOON
million mile range,

ABLE-5 . \

The ABLE-5 program provides for iaunch of two \
ATLAS-ABLE vehicles to place satellites into lunar

orbits late in 1960. A proposed ATLAS/ABLE lunar \
program was submitted to AFBMD by NASA on 4 :

Februrary 1960, following discussions between

AFBMD and the NASA Goddard Space Fiight Center : \
in January.

Program Objectives

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

2. Maintain adequate earth-sateliite communico-
tions and establish communications parameters for
future space probes.

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

4. Successful conduct of payload experiments.

B4 ~CONFIDENTIAL WDLPMA 205
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Program Vehicle (see figure 5)

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

Second Stage—ABLE vehicie with Aerojet-General
AJ10-101A propuision system.

Third Stage—Allegany Ballistic Laboratory ABL-248
solid propellant rocket, unguided, spin stabilized by

spin rockets fired at termination of second stage
thrust, X

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

Launch and Powered Flight

These vehicles will be launched from the Atlantic
Missile Range on a trve 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

*3. Final burnout is programmed to occur 23,290,000

feet from the center of the earth at an inertial
velocity of 34,552 #./sec. ’

.Orbital Characteristics

Major Axis ........... "+ .0.209848 x 10° feet
Eccentricity ...._........ 0.245859 degree
Orbital period .......... 765.4 minutes
Apolune ............... 4,303 nautical miles
Perilune .......... weee 2,605 nautical miles
Duration of eclipses . ... .. less than 90 minutes

Payload Experiments (See table 3)

Scintillation Counter and Pulse Height Analyzer—
measure electron energy (greater than 50Kev per

particle) and proton energy (greater than 1.0Mev
per parficle).

lon Chamber and Geiger-Muller Tube—flux and
rate data for electron particles (greater than 1.25

Mev per particle) and proten particles (greater than
25 Mev per particle).

Proportional Counter Experiment—measure inte-
grated intensity of cosmic ray parficles: elecirons
(greater than 12 Mev per parlicle) and portons
{greater than 70 Mev per particle).

Spin Search Coil Magnetometer and Phase Com-
poralor—map the magnetic field (normal to vehicle
spin axis) and investigate very low frequency secular
magnetic field variations. Phase comparator circuit

-uses Spin Search Coil and Flux Gate inputs to deter-

mine magnefic field direction relative to inertial
space.

Flux Gate Mdgnﬂomohr—moowu magnetic field
parallel to vehicle spin axis.

Micrometeorite Flux and Momentum Experiment
—count impacls of micrometeorites and interplane-
tary dust particles on two differing thresholds.

Plasma Probes Experiment—measure the energy
and momenium of streams of protons having energies
of the order of a few kilovolts per particle.

Ground Support Program

Atlantic Missile Range—track vehicle for first 14
hours after launch (except for a three hour period
starfing a few minutes after lifloff), provide ATLAS

"guidance, provide first vernier correction for payload

stage.
Manchester, England—track vehicle for 7 hours,
starting 13 minutes after launch, provide second
vernier correction for payload stage (and addilional
corrections as required). ‘

South Polnr,. Hawdii—Transmission of commands,

- including. vernier corrections as necessary.

Milistone Hill, Massachusetts—irack vehicle for 7
hours, starting 13 minutes after liftoff. .
Other support stations include, Singapore, Goldstone,
JPL and NASA stafions, and theé SPAN center at
Los Angeles.




ABLE-4 THOR (nonmvumuus)
Injected into solar orbit on 11 March by the ABLE4

THOR flight test vehicle, the PIONEER V sateliite con-

ftinves its record breaking trajectory toward ifs first
pass around the sun, On 1 May, the satellite was
6,795,334 siatve miles from earth and was fraveling
at a velocity (relative to the earth) of 6,569 miles per
hour. The relative speed will remain faidy constant
for some fime. All systems were functioning normally
except the sub-commutated vehicle condition. This
problem is discussed fully in a subsequent paragraph.

Powered Flight Evalvation

‘®  Analysis of the powered flight performance of
the ABLE-4 THOR vehicle is nearing ‘completion.
Part | of this report will be published in May. Dis-
crepancies noted in roll atfitude offset during second
stage operation and the angular rates developed

during second stage engine shuidown are being -

investigated closely. Although not significant in rela-
tion to ABLE-4 THOR flight performance, these con-
ditions are important in relation to future flights.

Orbital Evaloation

®  The PIONEER V orbit has been projecied through
September 1947, including orbital perterbations from
the earth-moon System, Venus and Jupiter. The sotel-
lite will confinve 1o recede from the earth uniil
December 1960, at which time the distance will be
87 million miles. The payload will then approach
~ within 80 million miles of earth (February 1961),
recede to 183 million miles (September 1962), and
refurn to within 16 miilion miles of sarth (4 Novem-
ber 1965). The eccentricity of the orbit will cause
the second approach to earth (April 1966) to be
15.6 million miles. This pattern will be repeated every
5.8 years, In 1989, the satellite will close to within
2 million miles of earth,

@® Trajectory determinations established by SpaN
Center from tracking data for the first 16 hours after
launch ‘have not required revision. since that time,
due to the abundance of high quality inifial informa-.
tion. At present, the position of PIONEER V is accy-
rate within 300 miles and velocity within 1.5 #./sec.
A later computation is planned which will refine these
accuracies to within 20 miles and 0.1 ft./sec., respec-
tively. Distance from sarth at that fime (20 million
miles) will be known accurately to within 0.00001
percent,

. ~CONFIDENTIAL

Telometry

® On 7Aptil,ﬂn$paNConfcrordorodlhedis-
charge of payload batteries io the minimum to check
tboopcmﬁonofthooubmaﬁcundmol_tcoowhff '
equipment. Communications with the satellite were
terminated by inadequate battery voliage. The pay-
load was commanded “ON“ o few minutes later to
von'fytbotfhowbﬂhadb«nccundbyundor-
voltage. The occurrence of undervoltage cutoff was
within one minute of the predicted time,

® On 16 April, the Manchester station fransmitted
for the first time the payload “ON* command at the
lowest information rate (1 bit/sec.). Five hours later
Manchester switched the payload receiver from the
wideband to the narrowband sweep frequency (18 ke
frequency ot 40 cps effective noise bandwidth). The
command Is irrevocable.

® Since the time of launch, only the 5-watt trans-
mitter has been used to send information to earth.
Reception rales at South Point, Hawali, and Man-
chester have been closely monitored in relation to
estabilshing the most desirable fime for commanding

the 150-wait transmitter into o . Late in April,
it was determined that the timing of this event would
be based on the following criteria:

. \
1. Distance from earth of 10 million miles, or

2. South Point unable fo command satellite bat-
tery discharge twice in succession, or ’

3. Manchester signal strength less than ~155
dbm,

® On 7 May, because of reduced qudlity of Man-

chester reception at the 1 bit/sec. rate, the 150-wait

transmitter was commanded “ON* by the 250-foot

radio_telescope. On this daie, the satellite was
N i,

Fi, nr; 6. The gso-mmm which was sxraod n‘s
. It is anticipated accopiable communications cen
mainiained sp 10 & distance of 94 million miles.
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8,000,100 miles from the earth. Initiol operation of
the 150-watt transmitter was accomplished in o
3-stage sequence. At 0500 hours, EDT, the FiLA.
MENTS ON command was transmitted which put
power into a tube filament through a current limiting
resistor thereby warming the filament for about o
minute. At 1100 hours, the first step was repeated
and the second command transmitted which removed
the current limiting resistor and permitted full fila-
ment heating for several minutes. The circuit passed
both.tests successfully. At 0503 hours, 8 May, the
third command was sent which snergized the static
converter and the 150-watt transmitter. At 0504.5
hours, Manchester received the first 150-watt trans-
mission from PIONEER V. Manchester is now able to
receive sateliite telemetry at the rate of 8 or 64
bits/sec. Hawail will continue fo receive only ot the
1 bit/sec. rate. Available power aboard the satellite

Figure 7. Contvol room for
she Jodrell Baenk, -
chester, Englend,’ vadio tel.
escope. Tt 250-foot ax-
lenna can be seen 1brough
the costrol voom windows,

will limit the ransmitter operafing time fo approxi-
mately 3 minutes every 6 1o 8 hours. It is anticipated
that safisfactory communications between Manchester
and PIONEER V con be maintained wp fo a distance
of 94 million miles. Neither the static converter nor
the 150-watt transmitter had previously been flight
tested. The critical factor involved was the -ability of
these components to survive in the hard vacuum of
outer space for nearly fwo months prior fo any opera-
tion. Following the 150-watt transmitter “ON* com-
mand on 8 May, 3 minutes 28 seconds of telemetry
reception provided Manchester with 5059 bits of
information (as compared fo the 208 bits previously
received via the 5-watt transmitter). 4

® A_il eight. possible commands have now been
transmilted fo PIONEER V. These were accomplished
in the following sequence:

WDLPM4 205
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Commend ' Statien Dale lﬂ.;o":)
1. 5-walt transmitter “ON* “AMR 11 March , - 700
at 64 PPS _ '
2. Third stage-payload Monchester 11 March ) 10,000
separation .
3. S-watt transmitter ON at Singapore 12 March . 147,000
8 PPS ' v :
4. S-wait fransmitter ON at Hawaii 17 March 972,000
1 PPS
5. Receiver—narrow band Manchester 16 April 4,848,000
"6. Filaments ON Manchester 7 May 7,851,000
" 7. Filaments ON—full current Manchester 7 May 7,898,000
8. 150-watt transmitier ON Manchester - 8 May 8,000,100
—COMFIDENTIAL E7



® Onsg M, a total of 109 hours of communica-
tions with the satellite hod been logged and 283
separate tracking exercises performed.. The four stq-

tions involved in this accomplishment are as follows:

Station Nr. of Exercises  Howrs of Operetion
AMR 1 0.5
Manchester 132 46.6
Singapore 4 1.5
Hawaii 146 60.4
Satellite Seasor Telometry

©®  This information is ftransmitted by “word 7 of
the seven word Telebit System and includes the sub-
- commutated values of eight satellite condition sen-
sors. These values become meaningless when
information received indicates o condition which is
known fo be impossible le.g. baitery voltage level
'oolowtooporchﬂu!rommiihfdtboﬁmotho
transmitter is operating). Such o condition resulted
from analysis of the telemetry received on 14 April,
During the next five days a thorough analysis of
“word 7" dota was made by Space Technology
Laboratories personnel. This effort confirmed the
existence of a single open diode in the Telebit unit
which was causing the logic of the circuitry to be
altered. Since the alteration fo the logic was constant
and consistent, STL was able to break the new code
and prepare Q@ ftranslation table which permitted
“word 7* values to be interperted correcily.

Experiments
Mcgh'o'omour
®  Magnetic field measurements performed by this

experiment have had significant valve in the follow-
ing three areas;

1. Verified the existence of a magnetic ring cur-
rent surrounding the earth ot an aititude of 5 10 7
times the earth's radius. First observed by EXPLORER
VI (ABLE-3), this ring is believed to have an inter-
relationship with the polar aurorae. Information ob-
tained, therefore, is of great value in the study of
interruption of polar communicalions.

2. Verified PIONEER discovery of extensive mag.

nefic field disturbances between 10 and 14 earth’s
radii, establishing the existence of a constant solar
wind of protons which produce a turbulence ot the
fringes of the earth's atmosphere. This data lend
credence 1o theories connecting solar winds with
ionospheric disturbances, -

28 —CONFIDENTIAL

3. Discovery of a significant ionized gas activity,
adding . support fo the belief that earth’s magnelic
disturbances, plasma phenomena ond cosmic ray
modulations are interrelated. The experiment con.
tinves to operate successfully. '

Proportional Cownter Telescope

®  This University of Chicago developed experiment
is providing excellent measurements of both primary
cosmic ray and Jow energy background radiation.
EXPLORER VI data has been verified. The experiment

-also confirmed the belief that the .lodromggnolic

disturbance which accompanies sudden decreases in
cosmicrayinhmilylsnofoumdbyfodonrdmgd
to the earth,

» .All..l-B

Program Administration

@  Specifications, Funding, Test Objectives and
Technical Direction requirements were in the process
of being established and defined during the report-
ing period. The Detailed Test Objectives document
for the first flight will be published in May. Technical
Direction meetings were held among representalives
of AFBMD, Convair, Aerojet-General Corporation
and NASA.

Technical Progress

Flight Parameters :

® The nominal frajectory was established during
April.

® A siudy was completed of the feasibility of pro-
viding atfitude stabilization to minimize tipoff velocity
srrors experienced on prior ABLE Program launches.

~ Study:results are being evaluated.

®  Preliminary weight and performance data have

* been relsased.

Communication System

® The spare receiver for the ABLE-4 THOR is being
converted for use on the ABLE-5. The signal condi-
fioner design is essentially complete. Construction
and test of the 2-wait transmitters are on schedule.

®  The digital decoder has been assembled from
spare ABLE-3 and ABLE-4 components and is under-
going environmental test prior to delivery as a type
test ilem. The ABLE-4 ATLAS digital telemetry unit
has been modified.to the ABLE-5 configuration and
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is being pnpond‘ for acceptance testing. Delivery
of this unit is scheduled for 6 June.

Vehicle Aerodynaimes

®  Wind tunnel data obtained at the Amold Engi-
neering Development Center has been used to cor-
rect pressure distributions estimated for the ABLE-5
configuration. This information has been incorporated
into the latest calculations of loads,

Third Stage Vibration Evaluation

® Data obtained from test firings of the ABL
248-A6 engine revealed- vibration characteristics
consistent with those Previously experienced. As o
result, NASA vibration specifications established for

ABLE-4 THOR will not be altered for the ABLE-5
vehicles.

Payload
®  The final basic design and general arrangement
layouts were completed during the month. Design

‘completion is anticipated for May.

® Progress on all payload and experiment com-
ponents is essentially on schedule. Fabrication and
testing is underway in several of these areas. -

Environmental Testing

® During April, 110 environmental tests were con-
ducted as follows: 86 component parts evaluations,
17 type tests, and |7R&Dtuls.'l'utswmp«fomod
on assemblies, components, parfs and @ simulated
payload. The only failure encountered was struc-
tural damage sustained by a flux gute magnetometer,



A. THIRD STAGE—X-2¢8 (Ail...ay Ballistic Lab,) ~ T,
A

Thrust ot altitude 3150 pounds 3
Specific impube (voc) 250 seconds 4 \
Total impubse 116,400 ths/sec ! %
| — Burning Time 37.5 seconds {
Propellant Solid B 4
4
q
8. SECOND STAGE—AJ10-42 (Aerejet-General) ;
b Thrust ot altitude 7700 pounds H
Specific impulse (vac) 271 seconds :
Totol impulse (min) 870,000 the/sec
Burning time 115 seconds
Propellant Liquid -

€. FIRST STAGE—THOR InBM

Thrust (s.1.) . 151,500 pounds ¢
Specific impukse (s.1.) 248 seconds
Specific impulse (vac) 287 seconds
Buraing time 158 seconds
- Propellant Liquid

d AE\;&

Figure 1. TRANSIT 14 thyee siage fight vebicle,

TRANSIT 1A laxuched from Astansic Missile Range

The TRANSIT Program consists of the flight testing of

B 2 " four vehicles 10 place 200-270-pound satellite pay-

loads into circular orbits of 400 to 500 nautical

miles. The program is designed to provide exiremely

e Gecurate, world-wide, all-weather navigational infor-

53 2 S _ IWERARED Scanmmr o ation for use by aircraft, surface and subsurface
iy Y v N ‘

LAUNCHING SUPPORT TURS

- TELAMETER
NiCKEi-CaDMIUN
SATYERIRS

NICKEt-CADMIVM
BATTEAILS FOR

NYLON LACING

booster vehicles, integrating poyloads 1o the vehi-
ouTER AND iMNE cles, and fiight operations from launch through
tACinG nine S ba-sei wereur attainment of orbit, including communications fo the
i M " ftracking and data handling facilifies. Payload and
tracking responsibility has been assigned to the
Figure 2. Cus-away drewing of TRANSIT 14 payioad (N AV . USN Bureau of Ordnance. Applied Physics Labora-

INC -
(LR-100) nirree
SATTERIRS Than
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/] \
1 ’)
T [ UPPER PAYLOAD*
B PAYLOAD |
A. SICOND STAGE—ABLE-STAR (A310-104) (36-INCH DIAMETER)
7%_ \ " Thrust ot oltitvde 8030 pounds .
Specitic impuke (vac) 278 seconds PAYLOAD
Total impulse (min) 2.3 X 10" Ibs/sec SEPERATION PLANE
Surning lime 294 seconds ’
Propeliont Uiquid PAYLOAD
H . : SPIN MECHANISM
FIRST STAGE—THOR IRam AR S : ,
Theust (s.1.) 151,500 pounds .i ESUM'PPAMR%TENT
Specific impulse (1. 1) 248 seconds 7T N .
i Specific impulse fvac) 207 seconds ' PROPULSION SYSTEM
Burning time 158 seconds I :
Fropeliant Liquid — 54.79 DIAMETER
A '.\\ o _/GIMBAL ¢
] P ]
TR N Nsmace /I
1 SEPARATION PL ANE
. STAGE I/II ADAPTER
STAGE 1
GUIDANCE COMPARTMENT
' ~—TRANSIT 18, 2A and 2B
’ % 20 INCH DIAMETER
TRANSIT 2A & 28 ONLY
Powered Flight Trajectory The powered flight
Program Objectives trajeciory for TRANSITS 18, 2A and 2B is shown and

1. Provide accurate navigational reference informa-
tion for POLARIS launches. :

2. Precise determination of sateliite position by
measuring the doppler shift of satellite transmitted
radio signals.

3. Investigate the refractive effect of the ionosphere
on radio transmissions. ,

4. Acquire additional geodetic and geographical
data by precision tracking of the orbiting sateflite.
Flight Vehicles TRANSIT 1A consisted of three
stages as shown in Figure . TRANSIT 1B, 2A
and 28 are two-sige veliicles as shown in Figure

Launch Plans  All vehicles will be launched from
Atlontic Missile Range pad 17A or 178. Launch
azimuth for TRANSITS 1A and 1B is 44.5 degrees
and for TRANSITS 2A and 2B, 140 degrees.

F2

described in Figure . The sequence of events
from launch through payload separation for TRAN-
SIT 1B is given in Table 1.

Payload Description The spherical payloads are
approximately 36 inches in diameter and weigh
between 200 ‘and 270 pounds. Payload equipment
includes four transmitters fon frequencies of 54,108,
162 and 216 megacydles), two receivers, and a gate
which permits the insertion of data only when the
gate has been opened at o previously scheduled
time. Power for the first five months will be supplied
by batteries, recharged by selar cells located in a
12-inch band around the sphere. The TRANSIT 18
payload will also contain an infrared scanner which
will operate for the first four days of orbit. On TRAN-
SITS 2A and 2B a 20-inch sphere, mounted on top
of the 36-inch sphere, will contain instrumentation
for studying solar emissions. The payloads will be
spin-stabilized in orbit.
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Flight Time Inertial Speed Downrange Altitude
Point (seconds) Commenis (ft/sec) Distance (n.m.) (n.m.)
2A eoa 1B 2A 1B 2A 1-A 2.A
18 28 Transit vehicles 28 28 2.8
10 10 End of vertical rise 1,346 1,346 0 ‘0 0.077 -0.077
2 &7 167 First stage burnowt - 13,611 12,929 752 77 412 483
End of second stage '
3 442 448 first burning period 24,539 24376 785.6 7780 200.] 2030
4 1489 1447 :::;: econdsage  u8s W39 - 42m2 40800 5000 5000
5 1,504 1462 Injection into orbit 24,258 24,259 44163 4,130.0 500.0 500.0

FLIGHT TRAJECTORY —TRANSIT 18, 2A and 28

Orbital Performance Achievement of program
objectives is based primarily on measuring the
doppler shift of satellite transmitted radio signals.
During the first threa months of flight, the four trans-

mitters will be operated to obtain experimental con.
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 iwo satellites. After four
months of tracking the satellite by measuring the
doppler shift of the satellite radio signal, the exact
position of the satellite at any point in the orbit
should be knewn. Using known orbital positions,

PR 4
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ships and aircraft can then use satellite signals to
make analogous computations to establish accurate
position. Navigational fixes of 0.1 mile accuracy are
expected 10 be obtained.

Ground Support Stations Tracking stations will
be operated in Maryland, Texas, New Mexico, Wash-
ington and Newfoundland. First and second stage
tracking and telemetry and second stage guidance
will be provided by the Atantic Missile Range. A
mobile tracking and telemetry van will be located in
Germany for TRANSIT 18 and South America for
TRANSITS 2A and 2B. These locations were selecled
as the closest sites possible to the orbit injection
point. -

F3




Time
(sec) Stage . Event {sec) Stage - Event
X+ 0. | Liftoff switch activores X+2300 U letison nose fairing
Programmer staris Timesvaryin Il Stop pitch program
Gyros uncaged accord. with Pitch command
I Umbilicals eject frajectory. Yow command
Arm destruct initiator X— 4290 Il Stop pitch program
X+2 | Roll program initiated X — 4415 Il Engine cut-off signal
X+9 I Roll program complete Switch pneumatic coast control
X+10 I Pitch program initiated System on pitch, .yaw and roll
Ist step pitch rofe As required X—4Nn0 Il Turn off hydraulic power
X+ 25 I 2nd step pitch rate  for trajectory X7 4800 _ U__lntiate coost phase pitch program
X+ 70 | Jdsteppitchrate  and delciled in  © 1068 1l Stop coont phase pitch program
X+ 9 | “&hstep pitch rate  DTO X7 14586 N Start hydravlic power
Autopilot gain change X — 14886 It Engine restart fire signal
t  Programmer armed Uncage accelerometer
X + 130 | Pitch program complete X— 14916 Il Cage coast pneumatic control system
X + 152 | Main engine cut-off (MECO) X~ 1500 W _Am TPS cut-off probe (back-up)
Circuitry armed Arm oxidizer probe (back-vp)
X+165 | MECO bockup ormed _ Arm 1pin ond separation mechanism
X+160 I MECO X — 1504.0 I Engine cut-off signal
X+1670 N Stort programmer Uncage coast prevmatic control system
X+1700 W Engine fire signal Start 3pin table
Uncoge thrust chamber Start timer on spin table
in pitch and yaw X — 1506.0 I Engine cut-off {back-up)
Uncage high thrust roll jets Stort spin table (back-up)
Uncage gyros X — 1507.0 i Remove spin table bolt power
X+17085 1 Blow separation bolts X — 1526.0 it Blow separation bolts
X +176.0 Il Start pitch program Activate separation actuators
’ Payload separation occurs
Sequence of Events—TRANSIT 18, 2A and 28
F4 WDLPM-+4 205




|

Monthly Progress—TRANSIT PROGRAM
Flight Test Progress

TRANSIT 1B

® As reported last month, a very successful
TRANSIT 1A launch was made from the Atiantic
Missile Range ot 0702vboon, EST, on 13 April.

Porameler Nominal Actvol
Apogee . 500 N.Mi.  408.64 N.Mi.
Perigee 500 N.Mi.  175.38 N.Mi.
Period 103 Min. 95.25 Min.

inclination Angle  45.95°  57.2g°

TABLE 1. ORBITAL PARAMETERS

® As shown in Table 1, the guidance system did
not perform as expected and caused an elliptical
orbit rather than the expecied circular orbit. The
guidance system obtains angular velocity data by
doppler measurement and integrates this informa-
fion to provide the required position data, During

launch, a sufifcient amount of rate information was

lost to cause the resultant efTor in position data.
This emror occurred during first stage flight which,
because of the TRANSIT trajectory, is the most critical.

TRANSIT 2A

® . The TRANSIT 2A flight test has been rescheduled
to 21 June. Analysis of TRANSIT 1B guidance data
will result in the following change being made. The
FPS-16 radar angular data will be used by the
guidance system from lifloff through the first twenty

seconds of second stage flight. From this point on
the guidance system will use its internal data. This
change assures the capability of meeting orbital
specifications. No modification to airborne equip-
ment is required. The five week delay will be used
to adapt the FPS-16 radar data fo the guidance

computer and to change the computer program to
accept this data.

Techaical Progress

TRANSIT 2A ,
- @  Assembly and checkout of the second stage was

completed and the vehicde was shipped to the
Atiantic Missile Range on 21 April. The AMR check-
out is proceeding satisfactorily with all subsystem
tests having been accomplished. '

® Wind tunnel tesis indicated that a transonic
velocities pressures on the nose fairing had a tend-
ency to separate the fairing valves. The addition of
two explosive bolts will prevent premature separation
of the nose fairing.

TRANSIT 2B

® No design or assembly problems effecting the
TRANSIT 2B vehicle have been encountered.

Ground Support Facllities

® The mobile downrange telemetry and tracking
van has been shipped from Germany to Punta
Arenas, Chile, and checkout is being accomplished.

—-CONFIDENHAL | Fs
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The ARPA COURIER Program consists of two flight
vehicles to be launched from the Aflantic Missile
Range. The program objective is fo test delayed
repeater communications between a satellite and
ground stations. The program olso will be used to
determine the operating characteristics and capa-
bilities of the ABLE-STAR (AJ10-104) second stage
vehicle. The program is being conducted under ARPA
Order No. 98, dated 1 July 1959 {Project Code No.
2200). AFBMD responsibility includes development
of the launch vehicle, payload integrafion, launch,
injection of payload into orbit, and verification of
orbital parameters ot injection. The Army Signal
Research and Development Laboratory will design,

develop and fabricate the payload, and will be re- '

sponsible for world-wide ground station requirements.
Primary payload contractor is Philco Corporation.
Vehicle Description—The two-stage COURIER vehicle
consists of a THOR booster, an ABLE-STAR (AJ10-104)
second stage and a 500 pound COURIER payload.
Booster flight control is exercised by a gyro platform
and a programmer. The second stage is controlled by
a gyro used to govern engine gimballing during pow-
ered flight. Stability during second stage coast is
provided by the “on-off” operation of jet nozzles
operating from a dry nitrogen supply. The second
stage propellants are inhibited red fuming nitire acid
and unsymmetrical dimethy! hydrazine. The engine
will have a restart capability. The 500 pound COURIER
payload is @ 60-inch sphere, containing radio repect-
ers, storage and memory equipment, and o battery
power source. '
Flight Description—Both vehicles are to be launched
from the Atlantic Missile Range. After first stage burn-
out, the ABLE-STAR vehicle will place the payload into
the desired trajectory and then shut down, The second
stage and payload will coast to the desired 650 nau-
tical mile orbital altitude and the ABLE-STAR engine
reignited to altain orbital velocity. The orbital angle
.of inclination will be 28.5 degrees from the equatorial
plane. The orbital period will be 110 minutes.
Payload Objectives —Storage and memory elements
in the payload will deliver messages, upon command,
to each of three ground stations; as well as exchang-
ing “‘real time" information when the satellite is within
line-of-sight of two ground stations. During these peri-
ods a ground station can relay messages direct 1o the
next ground station, through the satellite simplex
repeaier equipment.
Ground Support Stations—These stations will be
located ot Camp Salinas, Puerto Rico; Torrejon Air
Force Base, Madrid, Spain; and Halemano, Hawaii.
Station design and development is under contract to
International Telephone and Telegraph Corporation.

79.3°

9.5¢

60°

Specific impuise (vac)
Total impwise (min)
Surning time

Propeliont

2.3 X 10° Ibe/sec
294 seconds

Liquid

FIRSY STAGE—THOR InSM

Theust (s. 1)

Specific impuise (s. [A]
Specific impulse (vac)
Surning time
Propelion:

“CONFIDENTIAL

151,500 pownds
248 seconds
287 secands
158 seconds
Liquid

G-1
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Monthly Progress—COURIER Prognin
Technical Progress
COURIER 1A

®  The AJI0-104 propulsion system was defivered
fo the Space Technology Laboratories hangar on
12 April, one month behind schedule. This delay

has made necessary extensive revision of checkout

vans used in bofll COURIER and TRANSIT Programs.

Checkout of COURIER 1A, using Van #2, will be
completed as rapidly as possible to alleviate this
situation. The launch date remains 15 July.

COURIER 1B

®  Aerojel-General Corporation and Space Elec-
fronics Corporation are conlinuing component and
subsystem fabrication based on a scheduled launch
date of 1 September. No slippage in the launch date

" because of vehicle design changes is anticipated.
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The TIROS Program eonsiuhofomﬂightfromﬂn
Atlantic Missile Range early in 1960. Primary

tives include: (a) To determine the feasibility of using

an earth satellite o measure, record, ond transmit

- Synoplic weather conditions; (b) To establish system

parameters for weather satellites; (c) To acquire
information on electromagnetic Propagation through
the atmosphere and acquisition of additional geo-
defic and geophysical data by tracking. a satellite
in a precise orbit. The Nafional Aeronoutic and
Space Administration is the primary program agency.
AFBMD is responsible for supplying the launch
vehicle, integrating the payload 1o the lounch vehi-
cle, and providing communications 1o the tracking
and data-handling agencies from: lounch through
attainment of orbit. Payload design, fabrication and
testing will be accomplished by the Radio Corporg-
ﬂonofAmcricuforNASA.NASAmdmoognigcnu
for operating, trocking, and recording and process-

‘ing of satellite data.

vmu:unucmmou»

stage (248). Design specifications for each of the
three stages are shown on Figure 1.

SECOND STAGE—AJ10-42 (Aerejet-General)

Thrust ot oititude 7700 pounds .
Specific impulse (vac) 271 seconds
Total impulse (min) - 870,000 lbs/sec
Burning time 115 seconds
Propeliont Liquid

FIRST STAGE—THOR IRSM

Thrust (s. 1) 151,500 povnds
Specific impulse (s.1.) 248 seconds
Specific impulse (vac) 267 seconds
Burning time 138 seconds
Propeliant Uquid

THIRD STAGE - X-248 (Allegany Ballistic Lab.)
ll Thrust ot altitude 3150 pounds

Specific impulse (vac) 250 seconds .

Totol impulse 116,400 Ibs/sec

Buraing Time 37.5 seconds

Propeliant Solid

FLIGHT DEscRiPTION
The sequence of events for the
Powered flight from launch at AMR T

to injection into orbit is given in
Table 1. The payload will be placed
in a 380 nautical mile circular orbit
having an inclination angle of
48.67 degrees. Orbital life is ex-
Pected to be five months. -

PAYLOAD ORJMCTIVES

i
The 270 pound, cylindrical payload.
will be 42 inches in diameter and r

17 inches in height. Payload equip-
ment includes 2 ftelevision cam.
eras designed to observe, record
and transmit weather data. Power
sources include sixty 20-volt nickel-
cadmium chemical batieries and
9260 solar cells to recharge the
batteries. The solar cells, installed
inﬂnbpmdqﬁndﬁcclddewclls '
of the sctellite will furnish an aver- s

different resolution copabilities and coverage pat-

-hrmbpomitobwvallonofcwidovcdﬁyofdwd.

pcmms.fmmoduof'l\lsnhmwoncn
possible. When the saiellite is within radio commuy-,
nications range of a ground station, pictures may be
taken on command and transmitted directly to earth.

When the sateliite is beyond radio communication'

range, camera operation is controlled by a clock
ond programming circuits and the images recorded
onmognoﬁchpoformdoufdnﬁngtbonufm
over a ground station. Two beacon fransmitters ore
instalied on the bottom side of the satellite to faciki-
tate tracking. : :
GROUND SUPPORT STATIONS

The Air Force ground stotion ot Kaena Point will be
used 1o support this program. Tracking and dote
acquisifion will be conducted on 108 mes ond com-
mand transmission on 140 mcs, Required modifica-
tions fo the TLM and VERLORT radars are in progress.
Use of this support station will result in: (a) minimum
cost by maximum use of existing facilities, (b) mini-
mum equipment modification and operation effort,
and (c) a safisfactory system configurafion with min;-
mum compiexity. Use of this facility also will benefit
the SAMOS and MIDAS programs by attaining an
sarly buildup of experienced personnel.

H-1
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Monthly Pfognu—'l’llOS Progrom
- Flight Test Progress V

® Information on the successful TIROS lounch from
Atlantic Missile Range stand 17A on 1 April was
included in last month's report. The three-stage
THOR-boosted flight vehicle placed the TIROS pay-
load into the most perfect circular orbit achieved by
this nation to date. Only o 0.3 sigma deviation
occurred between the programmed and actual orbit.
The two payload cameras have provided excellent
photographs of weather conditions around the earth,
These and other datq obtained will add immeasur-
ably to our knowledge of meteorological phenomena,

® Table 1 presents o comparison of nominal pre-
dicted orbital parameters with those actually

ochiwddbylhowhlﬁh.&oﬂhcondoﬁhix repori-
ing period, TIROS confinues to. function excellentiy,
both in vehicle orbital performance and payload
opsration. _

Paremeter Neminal Actvel
Apogee 381.5N.MI.  408.8 N
Perigee 3798 N.MI.  378.3 N.MI.
Period 98.67 Min. 99.17 Min,
Latitude ot injection 42.336°N 42.277°N
Longitude ot injection 56.90°w 57.045°'w
Inclination angle 48.330° 48.359°
Payload spin rate 12 rpm 10 rpm

{in orbit)

TABLE 1. ORBITAL PARAMETERS

Fignre 1. Photo of the Strais of Gibraltar taken from 1he TIROS
altitnde.

susellite looking soward the

west from ovey 400 miles

WDLPM-4 205
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: Fiixn 2. A series of three photagraph; saken by TIROS o its third

orbit showing & storm over New England. The dark area on the left -
is the middle und South Atlantic coass. The dark ares in the spper
right is the Gulf of St. Lewrence axd the St. Latworence River, The
"X on the surface weatber map.indicates the Leographic position of
TIROS when the photographs were takex.. .

-CONFIDENTIAL
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Three-quarter rear view of ABLE.ST AR vebicle mounted on bandling dolly,

Monthly Progress—ABLE-STAR Vehicles

Program Administration

©® - With the successful flight test of an ABLE-STAR
second stage vehicle on 13 April (TRANSIT 1B
fiight), the development program for this vehicle was
completed. Under ARPA Order No. 95, AFBMD waos
directed to develop an upper stage vehicle com-
patible with THOR, ATLAS or TITAN boosters, and
capable of being modified 1o accept a solid propel-
lant third stage. Funds of $1,708,000 were provided
in FY 1959. A contract for design, development,
fabrication and test of this vehicle was issved to
Aerojet-General Corporation on 6 April 1959,

Flight Test Progress

®  The first flight test of the ABLE-STAR vehicle was
achieved within one year after issuance of the design
contract. All pre-flight tests and checkout procedures
were accomplished smoothly and in accordance with
the detailed launch procedures. No difficulties were
encountered during countdown or launch. All ground
support equipment functioned satisfaclorily,

®  First ignition of the ABLE-STAR’s AJ10-104 pro-
pulsion system occuired two and one-half minvtes
after launch, following bumout of the THOR booster
engine. Operation confinued within specified limits
for the progrommed period of just over four minutes.
During this time, trajectory corrections were made by
the STL space guidance system. This system deter-
mines vehicle position by medsuring the doppler fre-
quency shift via the vehicle transponder. Deviations
from the established trajectory were computed and
correclion commands transmitted to the vehicle
receiver. :

® At the end of the first bumn period, the engine
was shut-off by signal from the guidance system. At
this time the vehicle had altained the programmed
velocity of approximately 16,500 miles per hour.
During the nineteen minute coast period, the vehicle’s
attifude was oriented into its nominal aititude by
means of the pneumatic gas jet control system.

® Following the nineteen minute coast petiod, the
ABLE-STAR engine was re-ignited and burned for 13
seconds. Vehicle altitvde and second burn duration
were sufficient fo inject the TRANSIT 18 payload into




Component and
Subsystem Tests
Qudlification test setup for ABLE-
STAR component test {above) . . .

programmer subsystem test (right) . . .
and vehicle subsystem tests,

P L L AR
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Final Systems Checks

Systems checkout of the ABLE-STAR
vehicle ot the Atiantic Missile Range.
Photo above shows vehicle in verticle

position, checkout console in fore-
ground, and mobile checkout vans in
background, Closeup [upper right)
during engine checks. Photo at right
shows complete test layout.

WoLsA s -CONFIDENTIAL
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Installation of ABLE-STAR

Delivered to gantry (above) . .. vehicle in gantry
being moved fo launch pad (above left) . . . being
lowered into position (bottom left) . . . mating with
THOR . '
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Ready for Launch

Photo below shows TRANSIT 18
vehicle on launch Stand 178, AMR.
Service fower is on the right.
Closeup (left) of ABLE-STAR and
payload. Electrical umbilical on top
of ABLE-STAR provides power

and signals for guidance equip-
ment. Service leads for the
propuision system are attached to
the rear of the vehicle.

15




a successful orbit. This significant milestone marked
the first fime that an upper stage vehicie had demon-
strated the restart capability. All phrases of the restart
operation were accomplished successfully ‘and the
performance achieved was excellent’in relation o
progrommed times and specifications. This flight also
was the first in which compelte conirol of the altitude
and direction of a second stage space vehicle was
maintained throughout its flight. '

® At the present fime, the ABLE-STAR vehicle is
programmed for additional fiight testing on TRANSIT
2A and 2B and on COURIER 1A and 1B.

Summoary of ABLE-STAR
Development Program

® The ABLE-STAR vehicle {AJ10-104 Propulsion
System) is a refined version of the earlier- ABLE
vehicles and Aerojet-General Corporation propulsion
systems (AJ10-42 and AJ10-101), Design objectives
included: increased payload. weight and vehicle
range capability by providing two-and-one-half
fimes the propeliant capacity and an engine restart
capability; and providing positive vehicle control
during powered flight and coast periods through
pitch, yaw- and roll control jets. In addition, two
longitudinal acceleration jefs were added fto setile
the fuel in the tanks prior to re-ignition of the engine.
Design specifications for the ABLE-STAR are shown
inTable1., - ‘

® Throughout the ABLE-STAR Development Pro-
gram, the guiding philosophy included minimum
redesign, over-all simplification and maximum use of
flight-proven components to maintain the high level
of reliability established by previous ABLE vehicles;
and to accomplish these objectives within o minimum
amount of time.

® Following contract initiation in April 1959,
design studies and preliminary manufacturing efforis
proceeded at a sufficiently satisfactory rate to per-
mit simulated high altitude tests of the AJ10-104
thrust chamber to be performed in September.
Objectives of this test program, conducted at the
Amold Engineering Pevelopment Center, included:

1. De'ermino‘f_ho_ firing life of the olu_minum and
steel thrust chambers. :

2. Obtain data for propellant loading and flow
balancing of the propulsion system.

74 —CONFDENTIAL

3. Determine accurate chambor.pcrfomonéc.dch
by actval thrust coeficients demonstrated in
tests.

4. Evaluate thrust.chamber starting, restarting and
shutdown transients for steady state and coast
phase operations.

® - During November, operational test runs to full
duration (300 seconds) were started. Injector cooling
problems associated with injector manifold design
and the use of inhibited fuming nitric acid as a
coolant, resulted in burn through of the injector plate
and cooling tubes. These problems were solved and
two fuli duration. tests were completed during the
month. Also in November, the first flight test engine
passed Air Force acceptance testing and the pre-
liminary flight rating test engine was delivered to
the Air Force.

® in Janvary 1960, all preliminary flight rating
tests for this propulsion system were completed suc-
cessfully. A total of seven full duration firings were
made with four thrust chamber assemblies accumu-
lating approximately 700 seconds of hot firing time.
The first flight article propulsion system was deliv-
ered to the Air Force in mid-January. The remaining '

four systems were delivered in February, March,
April and May.

PERFORMANCE
Total impulse 2,300,000 Ib-sec.
Thryst ) 7,890 Ib.
Specific impulse 278 Ib-sec/Ib.
Chamber pressure 206 = 6 psia
Nozzle throat area 21.64 5q. in,
Nozzie arec ratio 4011
Propellant flow rate 28.36 Ib/sec.
WEIGHT
Dry weight 1040.7 Ib.
Total propellant capacity - 8474.3 1b.
Nitrogen, helivm, efc. 2071.2 Ib,
TOTAL 9716.2 Ib.
DIMENSIONS
Overall length 177.68 in.
Diameter, propellant tanks 548 in.
Diameter, separation plane 63.6 in.
TABLE 1. ABLE-STAR (AJ10-104)
SPECIFICATIONS
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HORIZON SCANNER -
PITCH & YAW JETS

ESCAPE ROCKET

.

PARACHUT EX
- @
o))

_JETTISON'

- ROCKET . ' POS'GRADE
' RETROGRADE.
™ WEIGHT AT SEPARATION APPROX 25 LBS ORBIT INCLINATION 33 DEGREES
ORBITAL »ALTITUDE 105-115 MILES (n) HEAT SHIELD ABLATIVE
ORBITAL CYCLES ‘3-l8

RECOVERY WATER OR LAND

Figure 1. Complae vebicly (top view) with sasellise insialled on ATLAS boosser. Manned satellite
(botiom view) showing pilots’ fighs position, and deseil views of retro and posigrade rockets and pilos
safety systom sscape rockets.
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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 1o place o
manned satellite into orbit about the earth, and 1o
effect o controlled re-eniry and successful recovery

of the man and capsule (Figure -1). Unmanned ICBM -

trajectory and near-orbital flights, and unmanned
orbiting flights will be used 1o verify the effectiveness
and reliability of an extensive research program prior
to manned orbital flights (Figure 2). The program will
be conducted over o period of nearly two years. The
initial R&D flight test was accomplished successfully
in September 1959. The total program accomplish-
ment is under the direction of NASA. The primary
responsibility of AFBMD to date consists of: (a) pro-

viding 14 ATLAS boosters modified in accordance
with program objectives 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. - '

‘Major contractors participating in the AFBMD portion
of this"prégrcm include: Space Technology Labora-
-fories, systems engineering and technical direction;
Convair-Astronautics, modified ATLAS boosters;
GE/Burroughs, ATLAS qui_dﬁqce equipment; and Rock-
etdyne, engines. All of these companies also provide
special studies and engineering efforts peculiar 10

LEGEND

meeting Project MERCURY requirements.

RESPONSIBILITY:
AFBMD s
NASA

— ESCAPE I
" ROCKET /

CAPSULE /

——ATLAS /! 7/
BOOSTER ! /.
! J/
I’ 4
! //
v

(A)BALLISTIC TRAJECTORY
TO SIMULATE REENTRY CONDITIONS

NEAR ORBITAL INSERTION, IMMEDIATE

REORIENTATION, DECELERATION, REENTRY
ATLANTIC RECOVERY o

() FULL ORBIT 3-18 oRerTs I0S=115 N.M.
: WEST COAST REENTRY ATLANTIC RECOVERY

Figure 2. Fisgbs sest sasectorses for Projecs MERCURY, depming specipe Objectives. Trajectory C
represents the path of the final (manned) fighs. The point &t which AFBMD «nd NASA respomsibility

is divided represenss smjection inso orbis.
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NASA Rosponslblllfy AFBMD Responsibility
Booster-Capsule integration '
Capsule - Booster
Ground support ATLAS “p*
Recovery ' '
I Modified
T 1 ' ‘
Flight 1 Flights New guidance antennae
, 2-12 Thin skinned tanks
NASA - Shifted tank bulkheads
Laboratory Flight Light weight thrust structure
Capsule Copsules Capsule separation mechanism
{McDonnell) interface electrical connections
LOX dome protection
Re-entry Programmer Modified
heating, Range safety destruct time delay
dynamics, -sensing system
recovery
Detects dcilgorous variations
Launch in tank Ppressures, fuel injector
‘ I pressure, electrical power,
Unmanned non-orbital flights aftitlude and sustainer hydrauiic
Manned and unmanned orbital flights pressure. Can iniliate escape
Lﬂuﬂdi from AMR sequence
Earth track 33 *N/33°S/Lat, {for orbital
flights) A
318 orbits
integrated coun'down-—indudlng pilot insertion
e :‘;g;";’;;‘::““ and capsule countdown. AMR lounch Stand 14—
Orbit altifude 105115 n.pm. Sapted for pilot and capsule,
Avtomatic pilot sarfety equipment with GE ground guidance equipment modified to

manval backup

provide: (a) real fime data, (b) additional dlmdi

command signals during powered flight,

(a) Ballistic frajectory-—108*
{b) Orbital trajectory—072°

Table 1. Ounsline of NASA and AFBMD responsibilities in PROJECT MERCUR?.
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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 data

Hardware fabrication y Missile allocation
Flight scheduling

Provide fourteen (14) Modify boosters for NASA prelim-
_ inary research and manned orbital
flight and safety objectives.

ATLAS boosters.

Launch, control and define trajectories
of booster-capsule vehicle up fo, and
induding, injection into orbit,

Table 2. AFBMD responsibilities in Iupport of PRO]BCI" MERCURY.

Monthly Prognu—’rolut MERCURY

Flight Test Progress

©® The second flight test of an ATLAS/MERCURY
vehicle has been rescheduled by NASA from late in
May to mid-July. The delay was made necessary
Primarily by capsule delivery problems. Launch will

be made from Atlantic Missile Range Complex 14.

The vehicle will consist of an ATLAS booster modi-
_fied for Project Mercury and o McDonnell capsule
shell containing. instrumentation and components fur-
nished by NASA. The flight capsule wiil be boosted
through o trajectory and released so that re-eniry
conditions associated with critical abort requirements
will be simulated. The proposed trajectory param-
eters include; '

1. Booster-capsule separation at 610,200 feet

altitude.

2, Separation velocity—19,400 f1/sec.
3. Flight path angle~4.7 degrees.

4. Predicted impact—1550 navtical miles down-
range.

® NASA has established the following capsule test
objectives for the MA-1 flight: '

1. Measurement of capsule ofterbody heuﬁﬁg
rates during re-entry.

2, Establish adequacy of capsule re-entry system
and recovery procedures. '

3. Ddhfmiﬂ. integrity of capsule structure and
afterbody shingles. '
4. Personnel training in MERCURY launch and
fecovery operations.
® ' The following objectives also have been defined

by NASA for the MERCURY modified ATLAS booster
fumished by AFBMD:

1. ATLAS capability to effect capsvie release
under position, velocity and attitude conditions
defined by guidance equations.

2. Evalvate open-loop performance of abort
sensing and implementation system,

"3. Obtain data on ATLAS missile and grouad sys-
tems reliability.

4. Demonsirate suitability of equipment and pro-
cedures associated with checkout and launch
of ATLAS/MERCURY vehicle.

5. Evaluate propellant utilization system perform-
ance.
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PROJECT 609aA
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Hyper-Environment Test ISym_m

mm-ﬂn Hyper-Environment
Test Program (609A) is divided info R&D and Opera-
tional Phau.ﬂnl&bpllcu\vﬂlbomdbd&dop

~and flight test vehicles capable of carrying 50 to

l,OOOpoundmbcdshaﬂﬁoduof200!o7,000

of flight test experiments in support of scientific
research and advanced military space system
programs

mommy~Refiability—Versatlity —in this orde

.ofmphcskouibclhmﬁgniﬁeantgﬁdahpm-

gram accomplishment. ECONOMY is being achieved

NOTS 100A

AJIO-4| A
(30KS-8000)-

Figave 1. Threo variations
of Projecs 6094 vebicle
demonstrase the mission.
versatilisy of the programs,

(AN

CONFIGURATION
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by long ronge planning and maximum integration
with other programs. Use of the basic four-siage,
selid propellant, SCOUT vehicle, developed by NASA
ond modified %0 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 permiiting tests
and experiments fo be conducted on regularly sched-
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 standord flight test platform to
perform scientific and military experimental research
in support of all Air Force facilities, RELIABILITY wilt

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 fo a wide range of payload varia-
_tions, and capable of being flown in several configu-
rations of four stages or less. This VERSATILITY resuits
in the following flight capabilities: (a) vertical probes
having a wide variance of payload weight/attitude
combinations; (b) boost-glide trajectories; (c) ballistic
missile trajectories; (d) downward boosted, high-
speed re-entry profiles, and (e} full orbit to approxi-

" " mate ' maximum of 400 miles with 150 pound pay-

loads.

Program Management — An abbreviated devel-
opment plan, covering the R&D phase: only, was
approved on 9 Janvary 1959. Funds in the amount

vialed portion of the program only. A letter was issued
assigning management responsibifity to AFMBD, with
emphasis on integrating the program with the scien-
fific and military research experiments conducted on
regularly scheduled ballistic missile flight tests (Piggy-
back Program). In June 1959, Asronutronic Division
of the Ford Molor 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 esquipment, modified
to meet Program 609A requirements, through NASA,
rather than through the SCOUT Program contractors.
Afiantic Missile Range facilities consisting of launch
complex 18 will be made available fo the Air Force
for this program. A Project 609A division has been
established within the 6555th Test Wing (Develop-
ment) at AMR to supply Air Force technicians to par-
ticipate in the assembly, checkout and launch opero-
tions of the R&D phase under the direction of the
Payload and Test Contractor. An all-mifitary opera-
fional ‘capability will be developed from within this

group.

Figwre 2,
Fowr differens

possible usi
Jc‘}mm‘
arvangements
of Projecs 6094
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DEVELOPMENT PHASE

Launch Schedule

Monthly Pngnu——lrol.ct 609A

Program Administration

©® A conference was held with representatives of
the Dyna-Soar Weapon System Project Office con-
cerning the flight testing of Dyna-Soar models with
609A vehicles. Four twelve-foot models will be
launched by 1.2.3 configuration vehicles {Figure 1)
starting in June 1961,

® A request has been sent to ARDC requesting
additional FY 60 (P620) funding of $1,043,000 for
the Deveiopment Test portion of the program.
Increased costs of hardware and systems manage-
ment made this request necessary. Additional

information requested by Hq ARDC will be provided

in May.

® Funding for design and construction of addi-
tional facilities required at AMR was requested. An
additional $1,060,000 (P300 series) will be required
fo support the follow-on program.

® The delays in the NASA program, combined
with the firm Hq USAF commitment for 609A sup-
port of the Navy TRANSIT Program have necessi-
fated program reorientation. Aeronutronic has been
requested to submit recommendations for back-up
develdpments, studies, and supplemental fests re-

- quired o permit the Air Force fo proceed on its own

program in case NASA cannot resolve these devel-
opment problems. This information will be included
in the revised 609A Development Plan being pre-
pared by AFBMD for submission to Hq ARDC in May.

Technical Progress

® A regular monthly technical coordination meei-
ing has been established. During this month’s meet-

Figure 3. Mockup of 6094 0ad carrier with jettisonebls
beat shields removed .rbm;‘g’l recovery capsule (top) and
2970 reference package (conter). Typica payload experimens
components are moxnted on the eguipment racks, This
carrier can be installed om ecither the 1-2-3 or the 1.2.3.4
configuration.



ing a discussion was held regarding NASA difficul-
ties in assembling the first SCOUT vehicle. A require-
ment was established for q complete assembly and
fit check of the first 609A guided vehicle at Change-
Vought prior to shipment 1o AMR for launch. Tech-
nical difficulties and these new requirements have
caused a three week delay in the launch of this
vehicle. Launch is now scheduled for 11 Avugust,

®  Simulated high alfitude tests of the ABLE X-254
engine conducted at Amoid Engineering Develop-
ment Center in April revealed nozzle liner blistering
problems. Corrective measures have been taken and
additional tests are planned. NASA will use the first

609A flight engine for the test and replace it with

one from later production. This has delayed the
launch of the first 600A (vnguided) vehicle until
8 June,

® Prior to approving 809A launch Operations
Range Safety ot AMR has requested that tests of
the destruct system be performed using fully opera-
tional engines. Procedures for these tests were estab-

¥ ILIN TR

lished ot AFBMD on 28 April and o test directive is
being propand.AnlododX-monqlmwmbo .

tested at Edwards AFB during mid:May and a re-

“jected Aerojet Senior engine will be tested eorly in

June to satisfy the AMR requirements.

® A modified SCOUT vehicle was launched on an

unguided flight on 18 April. This vehicle consisted of
live first and third sfages, a dummy second stage,
and an inert nose cap. This was the first flight Test
of the SCOUT first and third stages. The first stage
performed satisfactorily, but prior to burnout, oscil-
lations developed and the vehicle forward section
broke off. Analysis of flight data indicate that the
breakup was caused by the vehicle spin rate. Since
the guided version of the SCOUT does not include o
spin requirement, these stresses will have no effect
on guided flights.

® The first full scale SCOUT missile has been
assembied at Wallops Isiand and final checkout is
being accomplished. NASA has scheduled fhis launch

for early in June. B
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ADVANCED SYSTEMS STUDIES

1. The Advanced Systems Studies Division has sev-
eral space studies in progress. The purpose of these
studies is to determine the military missions and
mode of operation in space. For the purpose of
study, space has been divided into three broad
areas; earth orbital, lunar, interplanetary. Studies

in the lunar and interplanetary area are being man-

aged and directed at AFBMD. There are iwo studies
in the Lunar area: SR 192 (U) Strategic Lunar Sys-

tem, and SR 183 (U) Lunar Observatory. There is one

study in the interplanetary area; SR 182 (U) Strotegic
lnhrplcnolcry System,

2. The objective of SR 192 is fo determine a military

posture in the lunar area which is defined as the
surface of the moon and the area in its surrounding
gravitational field. This is o broad concepiual type
study which will examine alf facets of military opera-
tions such as offensive, defensive, and supporting
systems. This study was funded with $600,000 in
Fiscal Year 1959 and final reports from the: con-
tractors are due at AFBMD by February 1960. In
addition to the three funded contractors working on

this study, there are three voluntary contractors. -

Consequently, the total effort being applied is esti-
mated as equivalent 1o one million doflars,

3. An obvious military requirement in the lunar area
will be a surveillance and intelligence collection sys-
tem. Therefore, SR 183 {U) Lunar Observatory was
initiated to examine this problem. The objective of
this study requirement is to determine a sound and

logical approach for establishing a manned intelli-

. gence observatory on the moon from. which the
" entire earth and its surrounding area can be kept

vnder continvous sutveillance, All earth orbital sys-
tems can be monitored and enemy activities in space
and on the lunar surface can also be watched. Al
possible types of sensors and their probable ranges

" will be examined. This study will also include the

means of logistically supporting and establishing the
lunar base. This study was funded with $420,000 in
Fiscal Year 1959, Three contractors were funded
and three additional contractors are performing the
study on a voluntary basis. Consequently, it is esti-
mated that this study has the equivalent of $1.5
millions being applied to- jt. .

4. The interplanetary areq is being studied under
SR 182 (U) Strategic interplonetary System. The
objective of this study is to determine the possible
military missions and the fype of equipment neces.
sary for operations in the interplanetary area. This
area is being studied separately from the lunar area
because the operational problems involved appear
to be somewhat different, the distances are much
greater; our present knowledge of the area is lim-
ited, therefore, special types of navigational and
propulsion systems will be required. This study was
funded with $285,000 in Fiscal Year 1959 which
has been distributed among three contraciors. Con.
tractors’ final reports are dve at AFBMD in Feb-
rvary 1960,
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