THE SIONIFICANCE OF THE DISCOVERER PROGRAM

1, The DISCOVERER program is providing vital technical and scientific
sdvances to the vhols of serospace technology. While many of the resilts
of the DISCOVERER progrsm are directed primsrily toward spplicstions in

the SAMOS and MIDAS programs, the long texm benefits of DISCOVERER are
serving to increase significantly man's knowledge of the spstisl enviromment,
to enhanoe his skills and techniques in space operations, and to provide
eaxperience in the development and operation of a relisble space vehicle.
Many difficulties, some self-imposed dué to the neture of the experiment,
have been met and solved in the DISCOVERER program. In general, most of
these probléms are common to.both SAMOS and MIDAS. Problems have been found
and solved in a relatively inexpensive system prior to their ocourence in
the latter vastly more complex and expensive programs. From this viewpoint
DISCOVERER is a "test bed" for space prograas, '

2, From inoeption to the present, the DISCOVERER progrsm has demonstrated
constant technical growth in improved hardware methods, reliability,
techniques, and new discoveries. The significant features of the program

to date can be sumarised as follows: (a) development of a reliable workable
and versatile satellite airframe - AGENA, (b) sdoption, modification and
improvement of an axisting rockst engine for reliable space vehicle sppli-
cation, (c) demonstration of the ability to achieve repeatedly a pre-
determined arbit with good precision, (d) demonstration of on-orbit stabil-
isation of a satellite wehicle in such a mammer that its orientation relative
to the earth's local vertical remsins constamt, (e) development of a complex
ground enviroment permitting high precision in wehicle position determina-
tion and forecasting in orgit, (f) command and monitoring of functions within
the orbiting vehicle, either by pre-programming or bty instructions from the
ground, (g) collection of new and significant information on the spatial ,
enviromment, (E) determination of the enviromment within the vehicle, perticu-
larly local temperatures and pressures, and the development of techniques
for the prediction of the enviromment with alternstive equipments and alter-
native types of orbits, (i) development of recovery tebhniques.

3. System Copnsiderations -~ In the remarks to follow, major emphasis has been
placed on those aspects of DISCOVERER which are most pertinent to SAMOS and
MIDAS and those which have overall acientific importance,

4. Launoh to Orbit Injection -~ The AGENA vehicle hes been designed for use
with both the THOR end ATLAS boosters. In either combinstion the ascent . .
technique used by the AGENA vehicle is substantially the same; however, there
are significant differences in the method of utilising the booster. In the
DISCOVERER program, in order to conserve wiéight, the THOR booster follows a
_ pre-programmed trajectory using only its autopilot, Further, the THOR thrust
is not ocut off by command at a pre-determined velocity, but its fusl burns
to neer exhsustion. This relatively inaccurate booster perfirmsnce, compared
with the ATLAS boosted AGENA, and ocoupled with lower altitude of DISCOVERER
orbits, imposes severe orbital injection requirements. Specifically these




requirements are such that at an injection altitude of 120 statute miles

' an sngulear error of plus or minus 1.1 degrees or a velocity deficit
of only.100 feet per second below the value for a circuler orbit will result
in to complete the first orbit. To insure an optimum payload
.weight in relstion to high probsbility of achieving orbital injection, the
DISCOVERER program successfully undertook a re-exploration of the problem

" of rocket engine performsnce prediction for the AGENA engine. This study

led to new thearies and the improvement of existing ones to assist in the
determination of: (1) sea level engine performance, (2) methods of extra-
polation to vacnm perfermance, (3) degree of anticipated performance devia-
tion in flight, (4) vehicle propellant losding and weighing techniques, and

(5) determination of the proper level of oonservatism in flight performance
prediction, The outgrowih of this effort was improved performance prediction
and, based on mmercus simulated altitude firings at Bell and AEDC, a revi-
sion in the mehod of estimating vacumm engine performance from ground tests,
This effort, then, is responsible for resolution of a problem area that could
have plsgued both the SAMOS and MIDAS program with failuros to orbit, Numer-
ous advances and redesigns of the ijyriad valves and regulation of the system
‘have also been made and will contime to be made as improvements to the
aystem because of DISCOVERER sponsored ground and flight tests. As a result
of DISCOVERER developments, it has been possible to repestedly inject DIS-
COVERER vehicles into orbit with an injection angle error not exceeding
0.4 degrees. The precision components snd techniques developed in this aspect
of DISCOVERER are directly applicable to SAMOS, MIDAS, and programs with a.
nan-in-space application,-
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Orbit - DISCOVERER tracking and orbital computation tainiques hsve been
developed to a high order of precision. Data from each orbitalpess are used
to refine the vehicle ephemeris so that the exact location of the wehicle .
is known at all times. This phecision has beoome routine., The orbital
parameters of DISCOVERER XI were known after the first pass with sufficient
accuragy to predict the time of arrival at subsequent tracking points with
an acouracy of the order of a second. On the same flight, the final signal
initiating the recovery sequence on the seventeenth pass was glven within
five seconds of its planned time, after a total orbiting time of spproxi- .
mately 100000 seconds - 1 part in 20000. The procedures, equipments, and
techniques responsible for such x_-emlts are spplicable to all space operations,

6. QOp-Orbit Stabilisation - The DISCOVERER on-orbit stebilisstion system,
as the point of departure for similar SAMOS and MIDAS systems, demonstrated
the first esyth-center stabilised vehicle. This system has been perfected
to the point that the DISCOVERER wvehicle sttitude errors are of tho order of
10 in pitech, 0.5 degrees in roll, and 1.5 degrees in yaw.

7. mm;_m Few and scientifically important informstion on the
density in the upper stmosphere has resulted from the DISCOVERER program.
Atmospheric density data derived from the orbital decsy of DISCOVERER vehicles
and other satellites have invalidsted the sltitude density owrve recommended by
the ARDC model atmosphere pansl in 1959, Also, much new evidence on atoms-
pheric density changes with diurnal, seasonal, and sltitude varistions has been




acommmlasted, These data are being furnished to the scientific mnzty,'

8. Yehicle Internsl Pressures - The DISCOVERER program has produced'new dats
relating to satellite pressure oonditions which have had s signifi-
cant effect on envirommental testing concepts and added new knowledge on the
spatial enviroment, The ambient pressurg of the typical DISCOVERER orbit
at the averste height of 200 miles is 10~/ ym of mercury. IV was determined
from DISCOVERER data that at the.end of the first orbit, internal vehicle
pressures were usually about 107~ mm, after 25 orbits (38 hours) the
pressure hed not fallen below about m of meroury. This effect has =
been determined to be the result of outgassing from surfaces exposed to a
vacuum, The above condition is of significance when related to our ability
to simulate orbital conditions in enviromental test chambers for relatively
short term orbital operations. ' -

9. Yehicle Temperatures - The DISCOVERER progrsm has btrought to light new
information, revising previous theiries and experimental proocedures, on
the maintenance of the desired thermal belance within near-earth orbiting
satellites., Using acoepted practices for the maintenance of the

internal sstellite temperatures on the early DISCOVERER sstellites, it

vas soon learned that these methods were inadequate and erroneous., Modi-
fication of previously acoepted techniques and the installation of heating
devices raised the observed low internal satellite temperatures to a proper
temperature. These data ze of partioular significance to man-in-space, :
SAMDS, and MIDAS programs,

10. Regovery - The problem of recovering a DISCOVERER capsule from orbit

is extremely complicated because, in addition to the relatively straight-
forwvard proocess of putting the satellite on orbit, the following four -
processes must be completed sucoessfullys (1) a recovery tesm must be
located so that one of the satellite orbits passes over it, (2) the recovery
capsule must be related from the parent satellite at the correct time within
quite narrow limits. Each second of timing error represents five miles
displacement of the recovery point, (3) the capsule retro-velocity vector
must be within 10 degrees of the desired direction in order that the capsule
vill re-emter within the recovery ares, (4) following the deceleration and
beating phase, the capsule must be further slowed by a parachute, (5) in

the finsl phase, the cspsule must be recovered from the air or from the sea.
The firast two of these processes have bésn satisfactorily accomplished on
several flights. The last two processes, parachute decsleration and pick-up,
have been also satisfactorily demonstrated in tests on many occasions, using
capsules dropped from high-altitude balloons. The third item, the provision
of the correct retro-velocity in the désired direction has been a major
problem. It is the purpose of the presently proposed disgnostic flight to
solve this problem. ‘

11. Subsystems ~ Air Freme - Weight is a major consideration in satellite
design, The objective is to provide maximm strength with minimm weight.
This result was achieved in the AGENA by the use of the new material mag-
thorium which possessed the qualities of light weight, strength, and favorable




high temperature characteristics. Methods of fabricating tis new material
were developed and subsequent flight results lave verified the structural
integrity of the resulting air frame, In like manner, novel techniques
were employed in the fatrication of the propellant tanks. A scheme was
devised wherein spun alumimm was turned and tapered to provide tankage of
minimm weight with the required structural integrity. The MIDAS end SAMOS
satellites are the identical basic air frame and tank configuration devel-
oped in DISCOVERER with those necessary provisions to cerry the sppropriate
payloads. N

12. AGENA Engine Develotment ~ (a) Model 8048 - This Engine, which is a
significant improvement over the besic 8001 Hustler, was flown successfully
in seven DISCOVERERS before its first use in MIDAS, Its relisbility per-
formance characteristics and capabilities were well established facts which
permitted MIDAS to launch with a high degree of confidence that the expen- .
sive and complex payload equipment would indeed go into orbit with a high
probebility of performence, Before the first SAMOS launch, using this same
engine, at least three additionl DISCOVERER leunches will have taken place.

13. Auxilliry Power - Power aystem components for use generally in satellite
systems, and specfically in SAMOS and MIDAS, have been designed, developed,
and tested in the DISCOVERER program., Chief among such components are static
electronic inverters to covert battery energy into the verious A/C voltages
réquired by the other subsystems, The first static inverters ever flown -
were aboard DISCOVERER vehicles, They are oconsidersd eassentizl system ele-
ments since they halve the weight and double the efficiency of their rotary
counterparts, and it is not likely that the long lifetimes required in other
programs can be achieved with rotary units. The DISCOVERER power system in-
corporates a silver-perioxide-sinc primary battery as s prime energy

source, This batteryhes been developed specifically for satellite operations
and incorporates refinsments for high efficiency and performance in gero
gravity envirommental conditions. An advance in silver-peroxide-zinc bat-
tery design was necessary in this development to increase the energy-to-weight
efficiency., Mach has been learnsd in the DISCOVERER program regarding internal
and externsl circuit design to enhance inverter performance and reliability,
and to permit swrvival of inverters under a wide variety ofmalfunctions or
overloads. Design features have been evolved to minimise standby power losses
80 that efficlency can be maintained st a high level even under fluctuating
loads. Inverter development history has been, and cntinues to be, merked

by high fillure rates in system checkouts on the ground; many failure causes
involving procedures, design, and quality control, have been isolated and
corrected in the DISCOVERER program.

14.- Guidenge and Coptrol - Major elements of the AGENA guidance and control
system which are common to SAMOS, MIDAS, and NASA programs have been tested
during DISCOVERER operations, Some of these guidance elements are: The
S/S"D" timer and the Minnespolis Honeywell inertisl reference packsge, which
will be used on all SAMOS and MIDAS flights; the DISCOVERER gas control systex,
vhich is providing the basic experience leeding to improved SAMOS snd MIDAS




~CONFIDENTIAL
systems; and the DISCOVERER horison Scamner, which will be on the early
SAMOS and MIDAS flights. In addition, DISCOVERER ¥lll test the new engine fuel
driven hydraulic pump which will be used on all SAMOS and MIDAS flights. It
is anticipated that the NASA AGENA guidance and control system will also
lean heavily on DISCOVERER experience. Within the DISCOVERER progrem itself

the techniques of earth centered stabilisation and gyro compass satellite
yavw control were accomplished for the _first time,

15. ‘Regoverv Technigues - Solving the recovery problem is important to the
DISCOVERER grogram and science in gepersl because many biomedicsl experiments
and scientific measurements depend on recovery; however, in addition to the
man-in-space and scientific aspects and DISCOVERER recovery effort has many
direct applicstions to the SAMOS recovery program, The SAMDS recowery
program willwe the DISCOVERER experience in the following areas: (1
Ablation phencmena. (2) Recovery capsule detection. (3) Recovery force .
deployment and cperations. (4) Aerisl pick-up tefnique., The aserisl pick-
up techniques will be identical except that a larger winch will be used for
the SAMOS recoveries. These techniques have been conmtinuously improved
under the DISCOVERER progrem. The SAMOS recovery foros may be depliyed

over land but it is expected that the procedures will be outgrowths of the
DISCOVERER operation, The IIISCOVERER experience was largely responsible

for the selection of a crystal controlled recovery beacon for SAMOS, dye
marker and flashing light detection aids will be the seme, The ablation
phenomensa studies, which will be accomplished on the next DISCOVERER flight
will be of general interest but are partioularly pertinent to SAMOS and MERCURY
which have the shallow angle, long heat pulse, re-entry trajector.

16. Future gosls - The basic AGENA vehicle and the AGENA-B follow-on
version are develppment and testing products of the DISCOVERER program., These
products are msjor advances in all fields of space technology whiéch have been
achieved in 2 minimum time at a relstively low cost. The DISCOVERER program
is providing, on a broad front, tested hardware for the R and D versions

of SAMOS end MIDAS, Also, because of the experience and sucoess achieved

in theDISCOVERER the NASA canocelled the VEGA prograa in favor of the AGEN:-B
vehicle, This action was taken because it was apparent to NASA manage-
ment that a relisblé relatively inexpensive vehicle was available from
DISCOVERER. The development of the dual-burn AGENA-B vehicle in DISCOVERER
has drasticelly cut the development time required to deliver a tested
satellite vehicle for subsequent SAMOS and MIDAS operational programs.

17, The immediste future goals for DISCOVERER include the following:

(1) Achieve successful orbital recovery. (2) Sucocessfully recover bio-
medical specimens from orbit. (3) Demonstrate the design integrity and
operation of the AGENA-B version. (4) continue component development
leading to overall improved reliability, (5) Conduct geophysical and astro-
physical experiments in order to gain new knowledge of the earth and the
near spatial enviromment, Examples of specific future goals within
selected subsystems include: (a) Propulsion - Model 8096 ~ This model will
provide an improved injector, an uncooled noszle extension to the 45:1 ares
ratio, and pumo inducers and a restart capability. This development adds
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