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Lf{ 1. INTRODUCTION

Nine advanced missions, orﬁexperiments, Tor the Geminl Spacecraft are discussed
in this report. In Section 2, a qualitative, narrstive discussion of the following
aspects of the missions is presented:

L. Title
2. Description
3. Technical or Scientific Benefit
k., Effects on U.S. Space Program
(a) Apollo
(b) AES and Advanced Missions in Genmeral
(e) DOD
5. Preastige Value
{(a) Domestic
3 (v) International
6. Performance Feasibility
T, cCost Feasibillty
8. Schedule Feasibility
g, Operations Feasibillity
10. Impect on Geminl Program
1)l. Other Aspects

Additional technical detail og each of the missions is presented in Section 3.
The missions are summarized, an& cost and schedule informstion are presented in
Section k.

The information preseanted is more comprehensive for some wmissions than for
others, reflecting differences in background information availeble and previous work
performed in related areas at McDonunell. The cost and schedﬁle information presented
herein are for planning purposes only and apply to efforts associated directly with
the experiments and spacecraft. Launch vehicle aveilability 1s assumed and the costs
that might be incurred cn launch vehicles are not included.

MCDONNELL
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2.  ADVANCED MISSIONS

2.1 Rendezvous with an Ummsnned Satellite

2.1.1 Description - The objective of the flight is to rendezvous with =& non-
cooperative target, namely the Pegasus satellite, photograph the meteorcid puncture
penels to corroborate telemetered date, end remove and return a plece of one of the
panels by extravehicular activity, if possible.

The basic mission plen is to: (1) inject into a low orbit coplaner with the
Pegasus orbit for gross catch-up, (2) transfer open loop, based on tracking data,
to a slow catch-up orbit slightly lower than the Pegasus orbit, and (3) perfom a
closed loop rendezvous afier contact is made. An alternate plan would be to
first rendezvous with an Agens and then use the Agens propulsion for the open loop
trensfer to the slow catch-up orbit. The Agena would then be discardei and a second
closed loop rendezvous performed with Pegasus. The alternste is operetionally com-
plicated and would not be considered unless more extensive analysis shows the basic
plan unworkeble or undesirsble.

After rendezvous is completed, a slow pess 1s made to photograph the meteoroid
puncture panels. After the photograph run is ccmpleted, the two craft sre "docked”
and a crewman secures the specimen of the penel by EVA.

2.1.2 Technical or Scientific Benefit - The greatest benefit of the mission

is the accomplishment of rendezvous with s non-cooperative target, thus opening

the possibility of obtaining additional dats using spacecraft with this capebility.
The information returned from the Pegasus should provide, in addition to substantia-
ting dats received from it by telemetry, direct information of the effects of
meteoroid impacts on structures for use in future designs.

2.1.3 Effect on U.S8. Space Progrem - The experience obtalned would be direct-

ly applicable in the ereas of sstellite dats retrieval, resupply, maintenance, re-

pair, and recovery. The knowledge of meteoroids and their impact with e spacecraft

MCDONNELL
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2.1.3 (Continued)
gshould be considerably increesed, which will benefit the Apollo and other future
spece Programs.

The mission will provide information for DOD directly eppliceble in the eress
of satellite interception, inspection, and surveillance.

2.1.k Prestige Value - The return of a pilece of & spacecraft from orbit, a
fegt which has yet to be sccomplished, would demonstrate advanced space skills and
carry implications of en ability to exercise access to any orbiting object at will.

2.1.5 Performence Feasibility ~ Preliminary anelysis shows that if the QAMS

is sugmented by the addition of two sets of tanks and four 100 1b, thrusters, and
if some of the additional AV cepability 15 used to extend the GLV payloed cepa-
bility, rendezvous with Pegasus is possible. Analysis shows that 860 Ibs. of the
1860 1bs. of propellant loaded in the OAMS st liftoff will Ye used to inject the
Cemini into & 87-100 na. mi. orbit. The remaining 1000 lbs. of propellant should
be sufficient to complete the mission. The weight change asscciated with the
change in spacecrsft configuretion and propellant loading, and the use of eight
rockets for retrograde from the Pegasus orbit, are considered in the analysis.

Extensive analysis of: (1) injection performance, {2) rendezvous with a space-
craft in sn elliptic orbit, and (3) of retrograde and re-entry will be required to
more definitely esteblish the AV capability of the spacecraft and the AV required
for rendezvous and retrograde.

2.1.6 Cost Feasibility - The first unit cost is estimated to be $19.75 million

with each sdditional unit costing $1.75 million, plus the cost of the spacecraft and
lsunch vehicle. (See Section L.}

2.1.7 Schedule Feasibility - It is estimated thet a Gemini could be modified

in approximately 20 months.

MCDONNELL
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2.1.8 Operations Feasibility - 'The effect of the changes required, QAMS aug-
mentation and possible computer program chenges should meke little difference in
over-sll ground operations. Flight operations sre similar to those for Gemini and
sre expected to be straightforward.

Radistion hazerd over the South Atlantic may require flight operstions at the
Pegasus altitudes to be performed when the orbit does not enter this zone, accord-
ing to & radistion anslysis conducted using two different radiation models.

2.1.9 Impact on Geminl Program - The impact of the Pegasus mission on ibe

Gemini Program would be principslly that of sustaining a fairly sizeable engineering
effort to accomplish the propulsion system configuration changes and to insure the
integrity of the associated structural changes. In addition, changes to checkout
equipment and AGE would have to be made. The magnitude of these chenges have not
been ascertained to date.

Aside from the actusl hardware changes, the suitebility of: (1) the Gemini
scheme of rendezvous when in elliptic orbit, (2) the re-entry comirol scheme when
re-entering from high orbits, and (3) the launch guidance back-up for contxolling
an OAMS sugmented injection will have to be established. If any of the three were
to give unsatisfactory performance, a new scheme would have to be devised, programmed,

and procedures revised.

MCDONNELL
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2.2 One Man Gemini-Earth Surface Mapping

2.2, Description - Low latitude earth surface photography applicable to
topographic mapping, geological reconnsissance, and to studies of oceanogrephy,
hydrology, and meteorology, can be accomplished with s GLV launched One Men Gemini.
A camers system which can be mounted in the right hand side of the crew compertment
can provide useful resolution snd mapping accuracies. A mission duration of T deye
allows complete coverage at the equator with 50 percent overlap. Iow resolution
suxiliary color cemerss provide for correlstion between color tonsl gradations end
the higher resolution black and vhite pictures.

The Gemiri is flowm upside down and sideways, with the right-hand hatch door
cpen to expese the thermally controlled, unpressurized caemers system. Mepping
cemera system design is such that close tolersnce attitude, ettitude rate, or imsge
motion compensaticn control are not needed. However, a& horizon camers is included
to obtain precisely the local verticel when imaging the nadir., An auxiliery horizon
scamner for coarse pitch and roll reference is also included. Manusl yaw sensing
and control to the ground track is employed.

Gemini ground tracking network dats are used in conjunction with post flight
Photogrammetric data reduction. The mission is considered to have high confidence
of success since reliable, reletively simple, state~of-the-art hardwere is used
throughout.

2.2.2 Technical end Scientific Benefit - The mission would be of scientific

and techniecel benefit, in terms of topographical mapping of underdeveloped mreas,
determinetion of oceanographic characteristics, better definition of Berth follia-
tion outlines, end geological refinements.

2.,2.3 Effects on U.S. Space Program - Advanced missions in general would be

aided by the experience geined with orbital mapping techniques and interpretations.

MCDONNELL
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2.2.4 Prestige Value - International prestige would be enhanced by the scien-
tific and commercisl contributions to be geined by the incressed sccuracy and detail
of the large scale mepping.

2.2.5 Performsnce Feasibiliiy - Since the estimated mission performance is

based upon use of existing equipment and technology, feamsibility 1s not considered
t0 be in question. The peylosd requirements are within GIV capability.

2.2.6 Cost Feasibility - The first unit cost is estimated to be $10.3 million
with each additional unit costing $1.35 million, plus the cost of the spacecraft
end lsunch vehicle. (See Section L.)

2.2.7 Schedule Feasibility - It is estimeted that about 2k months would be

needed to perform the necessary engineering and fabrication.

2.2.8 Operstions Feasibility - Ground tracking and monitoring for orbitsl

period control is obtainmble with the existing ground network. One Man Gemini

operationis have been previously studied at McDonnell and are considered quite

feesible.

2.2.9 Impact on Gemini Program - The 2L months acquisition time would result

in 8 delsy of & few months if the migsion were scheduled for spacecraft number 12.
If a refurbished spacecreft were utilized, the mission could be accomplished with-

cut interference to the Gemini progrem.

MCDONNELL
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2.3 Ope-Mon Gemini with Astronomical Telescope

2.3.1 Description - Two types of telescope instelletions for the one-man
Gemini were examined: (1) a l6-inch dismeter telescope located in the right-hand
crevman's seat, and (2) e 26-inch dismeter telescope mounted in the adapter with
access to the telescope through s hatch in the heat shield. BPoth instellstions are
discussed in Seetion 3.3. Although minimum change to Gemini is & ground rule for
the missione presented in this report, it is felt that the adapter-mounted design
offers sufficiently greater return, scientifically and technologicelly, to make it
the preferred mpproach. The hatch in the heat shield should be a developed item by
1967 due to the Gemini B program. The adapter mounted telescope is discussed in
this section.

A one-man Gemini spececraft with a 26~inch dismeter, 560 pound, astronomicel
telescope in the adapter can be placed in a 200 npa. mi. eircular orbit by the Gemini
lswnch vehicle in 1968. The two mission gosls are: (1) to demonstrate the ability
to make astronomical measurements with a pointing aceuracy of 0.l erc-seconds for
periods over ten minutes, and (2) to obtain new estronomical data.

To provide a steady vehicle bese for the telescope, the sltitude and sttitude
are chosen to keep the external disturbance torgues on the spacecraft low. A finpe
attitude control system is added to stabillze the spacecraft in the presence of the
low disturbence torques. A heat shield hatch and tunpel asre added to provide pres-
surized access to the telescope, and to provide room for experiments om the isola-
tion of sstronaut motions from the spacecraft and telescope. The spacecraft roll
is used for roll pointing of the telescope, and the single-axis gimbal on the tele-
scope is used for pointing in pitch. Measurements on any ster can be made either
by selecting lsunch time or by operating in the presence of & large gravity gradient

torque.

MCDONNELL
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2.3.2 Technical and Scientific Benefit - The one-men Gemini experiment could

remove one of the major obstacles to the sdvancement of space astronomy by demon-
strating a practical means for eliminsting undesirable effecte of astronsut motions
on telescope polnting amgle stability. Pointing angle stabllity is essential to the
develoment of a capability for orbiting observations with telescope apertures over
100 inches, utilizing resolutions better than 0.0 erc seconds, for purposes such &s
seeing falnt stars never before observed and for searching for planets associated
with nearby stars.

The optical aligmment ard adjustments for such large observatories involves
many tasks which are fmcilitated by manned operation. However, the astronaut dis-
turbences must be kept small. Three techniques for keeping astronaut disturbences
swall are: (1) isolation of the telescope, (2) isolation of the astronaut in the
observetory or in a separste spacecraft ; and (3) compensation for the disturbances.
The use of a separate spacecraft is not appealing due to time lost in transfer.
Compensation for maximum 1ikely disturbance torques caused by body or limb motions
is difficult because the torques are large and chenge greetly in a short time inter-
val. The isolation of the telescope from the spacecraft is difficult for the very
large optics since the telescope is essentially part of the spacecraft.

The isolation of the estronaut from the spacecraft and telescope in & controlled
floating or elsstic support in the spacecraft offers & promising way of simplifying
the problem of precise attitude comtrol of the msnned spacecraft. The astronaut
could perform direct viewing, visual aligmment, focusing, star acquisition, and
other functions while mechanically, but not visually, isolsted from the telescope.
In the extreme, a controlled floating crewman support can be mechanically reaction
balenced using drive signals from photo detectors which measure the support position
with respect to the spacecraft. The use of an adapter mounted telescope and associ~

ated access tunnel permits testing crewman isolation technigues in the one-man

MCDONNELL
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2.3.2 (Continued)
Gemini. In addition, techniques for compensation for disturbances can be evalusted.
The scientific benefits of the one-msn Gemini include wisual Planetary obser-
vations end photographic plate and fiim dete return.

2,3.3 Effect on U.S. Space Programs - The experiment provides a desirable

fourdation for manned orbiting observatories heving large, greater than 100-inch s

apertures.

2.3.% Prestige Value - A "first" would considerably enhence prestige, parti-

cularly In the scientific comnunity. Considersble additional rrestige would sccrue
by publication of photographs hitherto unaveilable, particularly if new estronomical
Phenomens were discovered.

2.3.5 Performance Fessibility ~ The 0.1 arc-second pointing angle stebility

for the telescope line of sight is considered to be a ressonsble design goal.
Peyload requirements are within GLV capability.
2.3.6 Cost Feasibility - The first unit cost is estimeted to be $53.3 million,

with each additional unit cosiing $4.9 million, plus the cost of the spacecraft and
the lsunch vehicle. (See Section 4.)

2.3.7 Schedule Feesibility = It is estimated thet 30 months are required from
go-ehead to delivery for the adspter mounted version.

2.3.8 Operations Feasibility - One-man operation of Gemini has been previously
studied at McDonnell and appears to be quite feasible. The hatch in the heat shield
Wwill have been developed for Gemini B. Otherwise, operations are similar to those

for Gemind.

MCDONNELL
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2.4 Artificial Grevity Experiment

2.%.1 Deseription - Three methods of providing centrifugal force for artifi-
clal gravity with a Geminl spacecraft were investigated: (1) rotetion of the Gem-
ini directly connected to the burned-out Stage II of the GLV (Gemini Iaunch Vehi-
cle), (2) rotation of the docked Gemini-Agena vehicle, and (3) rotation of & cable-
connected Gemini and either the Agene or Stage II of the GLV,

The first method provides an eyebells-out g force, unlesa the crewmen sre re-
positioned, and the second method provides an eyeballs-in g force. Only the third
method, by using the paraglider bridle, affords a means of providing a
spinal g force. In addition, the cable-connected method provides a larger rotation
radius vhich results in lower Coriolis effecte. The cable system results » however,
in increased weight, design, and operational complexity. The second method involves
a rendezvous with an Agena. For each method, spin-up would be accomplished manually
using the appropriate attitude control or maneuver thrusters,

In each concept, it will be of interest to consider several directions of spin.
Because of Gemini cockpit confinement, spin about the verious human body axes is
accomplished by spinning the orbiting vehicle in various attitudes,

2.4.,2 Technical Benefit - The test would provide data on the effects of in-

space artificiel gravity by rotation, increase the yield from data from subsequent
investigations conducted on earth, and help substantiate or repudiate the need for,
or amount of, artificlal gravity provisions in future space station deaigns.

2.h.3 Effect on U.S. Spece Program - Advanced menned missions, including Apollo

Extension Systems and Manned Orbital Laboratories for extended pericds of time » will
derive the technical benefit cited. The Gemini test will provide dats for making
decisions concerning artificial gravity provisions at an earliier stage of develop-

meat of advanced manned missions.

MCDONNELL
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2.4.% Prestige Value - Prestige vould undoubtedly result from being first to

produce artificial gravity in spece and establish meaningful design criteria.

2.4.5 Performsnce Feasibility - Tie operationsl conditions studied indicate

thet methods using Gemini Orbit Attitude and Maneuver System {OAMS) thrusters are

feasible if applicetion to operations other than spin or desepin are limited., It

is anticipated that the maneuver tbrusters will be used for both rendezvous and

for artificial grevity, For non-rendezvous, methods any of the thrusters can be

used for artificisl gravity. A msjor portion of the design life of the lateral

and vertical thrusters can be used for artificial gravity. The Agena attitude

control system salso could be used with additional storage of the cold gas propellant.
Tt is estimeted that the experiment can be conducted within the GLV and Atles-

Agena payload capabilities.

2.4.6 Cost Feasibility ~ For the two methods imvolving direct coupling to
either the GLV or Agens stages, the first unit cost is estimated to be $3.75 mil-
lion with each additional unit costing $0.25 million. For the ca;t;le connected
system, with either the Agena or GLV stage, the first unit cost is estimated to be
422 million with each additionsl unit costing $2.0 million. Costs of spacecralt
and launch vehicles are to be added, (See Section k.)

2.4.7 Schedule Feasibility - Flights with the directly-comnected vehicle

methods appear to be readily feasible early in the current Gemini program. The
ceble method is estimated to require a 15-month development period. However,
with any one of the approaches, the experiment could be accomplished within the
present Gemini schedule, assumlipg an immediate go-shead.

2.4,8 Operational Feasibility - The directly connected vehicles result in

an operationslly simple method of producing centrifugal force for artificial

gravity. The thrusters are used directly to obtain the angular velocity. Opera-

AMSCDONNELL
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2.%.8 {Continued)
ticns are similar to those involved in & norm&l rapid slew maneuver., Thus, the
docked Gemini-Agena concept appears feasible and achievable at an early date,
Rotation of the Geminl directly comnnected to Stage II of the GLV, with the crew
members positioned to minimize adverse physioclogical effects, presents compli-
cations in viewing the required displays and in controlling the entire vehicle,

A relatively complex operation is required with the cable system. This opera-
tion includes cable attachment; cable reel-out to the extended position, re-orien-
tation of the Gemini capsule, Bpin-up to the artificial gravity level while keep-
ing cable slack from becoming excessive, and discommecting the cable at the end of
artificial gravity operation. Eowever, previous MeDonnell studies have shown this
method to be completely feasible.

2.4.9 Impact on Gemini Program - The impact on the Gemin} progrew should be

minor, as discussed in Sections 2,4.6 and 2,4.7.

MCDONNELL,
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2.5 Simulation of LEM Rendezvous

2.5.1 Description - The rendezvous of the Iunar Excursion Module (LEM) of the
Apollo spacecraft with the Command Module (CM) in lunar orbit is one of the essential
elements of the return phase of the Apolloc lunar miseion. Therefore an early earth-
orbit test of the LEM rendezvous equipment and technigue would be highly desirable.
However, the 1EM does not possess a re-entry or launch vehicle escape capability so
a manned launch would be extremely risky. Automating the LEM probably would not
provide a very satiafactory simulation since in the actual Lunar Orbit Rendezvous
(LOR) heavy reliance is made on manual methods and human capabilities. A Gemini
spacecraft, with its inherent re-entry and escape capability, could be ueed as a test
bed for early simulation of the LEM LOR technique. Such a test flight would involve
outfitting a Gemini spacecraft with LEM equipment to perform computations and radar
observetions, or modifying Gemini equipment in order to simulate the LEM rendezvous
operations., A rendezvous target with actual Apollo CM equipment or equivalent hard-
ware would either be launched separately or carried into orbit aboard the Gemini.

2.5.2 Technical Benefit - The guidance laws of LEM rendezvous have already been

evaluated by digital computer simulations during the development of the rendezvous
method. Also, detailed studies using statistical models of LEM hardwere have been
performed to predict the effects of hardware limitations on the lunar rendezvous.
Human factors and other unpredicted variations could be discovered by an early test
with man in the loop., The Gemini test flight would improve the technical under-
stapding of LEM rendezvous by providing & test using actual hardware in a manned,
space environment. The experiment would be of greatest technical importance if
actuel Apollo CM-LEM equipment is used. Without this hardware, the test would never-
theless be quite important since it would demonstrate the soundness of the LEM ren-

dezvous laws.

MCDPDONNELL
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2.5.3 Effects on U.S. Space Program - It is difficult to evaluate these effects

without a detalled knowledge of the Apollo Tlight test program. A Geminl flight test
would provide a ver;w,r early indication of possible deficiencies, and would be an asset
to the Apollc program. If deficiencies should be discovered, early diagnosis and
design "fix" would be possible,

2.5.4 Prestige Value - A successful flight test would be a demonstration of

the soundness of a key element for success in the United States lunar exploration

program,
2.5.5 Performance Feasibility - The effect of the additional weight of LEM

gystems aboard the Gemini could, if necessary, be compensated dy elther orr-lmdii:g
maneuver propellsnt or shortering the mission, although it eppears this would not
be necessary. If LEM bardware is not used, there would not be a significant weight
increase. The present Gemini orbit propulsion system would provide adequate pro-
pulsion performence for LEM rendezvous evalustion.

2.5.6 Cosmt Peasibility - It is estimated that the first unit cost would be

$18.5 million with each additional unit costing $5.1 million 1f LEM equipment

were used.  If modified Gemini equipment vere used, the Pirst wnit cost would

be $7.5 million vith each additional unit costing $3.1 million. Costs of spacecraft
and launch vehicles are to be added., (See Section k.)

2.5.7 Schedule Feasidbility - Unknown if LEM equipment is used. A time from

go-shead of thirteen months seems resscnable with modified Gemini hardware, as-
suming the LEM guidance system description is Tirmly established at the time of
go-ahead,

2.5.8 Operations Feagibility - With or without the utilization of LEM hard-

ware, the proposed Gemini extension would be feasible from an operations viewpoint,

Development of test requirements and procedures, data bandling, and use of ETR and

MCDONNELL
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2.5.8 (Continued)
the mission control center should be streightforward since the mission is a natural
follows-on to plenned Gemini Rendezvous missions.,

2.5.9 Inpact on Gemini Program - The test flight could be added as a piggy-

back experiment to & Gemini flight in late 1966 or &s the primary mission of an
additional Gemini flight in early 1967. If the auxiliary computer tape memory unit
is installed on later Gemini flights regardless of the LEM flight test requirements,
the only cost increase would be in the development of a new flight tape to program

the LEM system equations in the computer.

MCDONNELL
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2.6 Structural Assexbly in Orbit

2.6.1 Description - Man is capable of performing many useful extravehicular (EV)
functions in space, such as assembly, maintenance, inspection and slignment of rad-
iators, sensors, antennas, and propulsion systems, as well as serving as & back-up
to automatic systems, Man's usefulness can be demonstrated by an experiment involv-
ing the structural assembly in orbit of a 40' diameter parabolic antenns, and the
disassembly and recovery of a 100-1b. OAMS ‘Thrust Chamber Assembly (TCA).

The sntenna is folded and stowed on the nose of the Gemdnl for lsuach.

An ascent fairing covers the entire assembly, One crewman leaves the Geminl

with 30' extension umbilicals, and manually erects the antenna and extends the
feed horn. Some structural modification to the Gemini nose to accommodate the in-
ereased lsunch loads is required. The surface of the antenna disk is an aluminum
coated palyethylene mesh, irradiated, and formed in parabolic segments. Volds in
the surface ellow for passage of the crevman and afford clearer visibility for
manual pointing. After erection, the sntenna can bte used for a variety of
commnlcation experiments.

The TCA is removed by the crewmsn and brought within the re-entry module.

A special mounting to allow removal of the TCA is needed. Tube connectors are
guillotined prior to egress, allowing time for cooling and dissipation of pro-
pellent downstream of the propellant isolation valves.

2.6.2 Technical or Scientific Benefit - Construction of the large

commnications antenna described would: {a) demonstrate the use of special design
features to minimize assembly time, and (b) determine the effectiveness of this
type of extravehicular operation.

The retrieval of the thrust chanmber assembly simulates a type of repair activity

which may be needed in future space operations. It would alsc establish the
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2.6.2 (Continued)
feasibility of performing various tests of rocket motors and otber equipment under
orbital conditions, and returning the test specimen to earth for evaluation. These
tests would be desireble in order to better establish the safety margin of thrusters
or other spacecraft equipment.

2.6.3 Effect on U.S. Space Program - The demonstration that man can erect

large atructures in orbit is of significance for the planning of future missions.
Information derived from the proposed examination of the rocket specimens
would be of advantage in designing propulsion systems for various space programs.

2.6.4 Prestige Value - The jnternational and domestic prestige value of ex-

travehicular activities has been demonstrated. U.S. prestige would be enbanced in
this case since the experiments aimulate operations of a practical pature,

2.6.5 Performance Feasibility - The experiment is considered to be feasible

since advance in the state-of-the-art will not be required for the development of
the erectable antenna. The payload is within the GIV capabllity.

2.,6.6 Cost Feasibility - The first unit cost 1s estimated to be $16.75 mil-

1ion, with each additional unit costing $1.75 million, plus the cost of the spece-
craft and launch vehicle. (See Section h.)

2.6.7 Schedule Feasibility - It is estimated that it is feasible to have

this mission ready for flight in epproximately 16 months after go-ahead. The es-
timate allows for wind tunnel tests and structural proof tests.

2.6.8 Operations Feasibility - Considered entirely feasible since extravehi-

cular capability should be proven prior to this mission.

2.6.9 Impact on Gemini Program - Re-design (beef-up) of nose section and in-

creased emphasis on development of extravehicular capabilities of both the sult and

re-entry module are needed.

MCDONNELL
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2.6.10 Other Considerations - This mission can be logically combined with

the Long Duration Gemini mission. The payloed capability of the Agens ellows
for heavier and more complex {or more ambitious) structures than the antenna.
Also, the erection of the tunnel/living quarters in the long duration mission

constitutes a structural sssembly in space experiment.
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2.7 Propellant Tranefer Tasks

2.T+1 Description - In-orbit transfer of storable propellants between tanks
which do not utilize positive expulision bladders can be accomplished with a mini-
mally modified Gemini end Agena (Gemini Agena Target). 'The Gemini is of the ren-
dezvous configuration. It is equipped with additional tankage to receive the pro-
pellent to be transferred from the Agena. These tanks, located in the adapter
equipment section of the spacecraft, contsin centrifugal separators which part the
liguld from the vapor. The Agena is modified to accommodate the propellant supply
tankage, These tanks have propellant collection or retentlon devices. The trans-
fer lines are brought forward and connected by extravehicular (EVA) sctivity. Follow-
ing transfer, the propellants are discarded with the adapter equipment section when
it is Jettisoned.

) 2.7.2 Technical or Scientific Benefit -~ The accomplishment of this task will

provide the following technical benefits for future space missions:
A. Develop the EVA capability to accomplish the transfer line assembly and hook-uyp
B. Develop the capability to adapt to the use of special tools required for
this assembly while in the EVA environment.
C. Evaluate the effectiveness of propellant separation devices (gas/fluid
separator in receiving tank)
D. Evaluate the effectiveness of propellant retention devices (fluid reten-
tion in the éupply tank).
E. Establish methods for quantity monitoring of fluid (propellant) remaining
in the supply tankes and fluid accepted by the receiving tanks.

2.7.3 Effects on U.S. Space Programs - The technical benefits derived fram

this task which are applicable to future U.S. space programs are many. These
) include:

MOCDONNELL
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2.7.3 (Continued)

A, Barly assessment of propellant transfer. Resupply will involve large
quantities of propellants, thus necessitating the use of tanks without
positive expulsion devices. The tanks used in this experiment are smaller
than those which will be utilized in logistic resupply. However, they are
sufficiently large to test and prove the basic techniques.

B. Early checkout of the Apollc LEM propellant quantity geuging system. Sys-
tem monitoring includes guantity monitoring of the supply tanks and the
receiving tanks. The tanks used can be designed to the Apollo LEM dla-
meter (12.5 in.) in order to utilize a prototype gauging system.

C. Assessment of man's capsbility to accomplish the assembly of transfer
plumbing while in the EVA environment, including the handling of speclal
tools and equipment.

2.7-% Prestige Value - Accomplishment of the propellant transfer experiment

will be viewed as a step in developing future space station and interplanetary cap-
ability.

2.7.5 Performance Feasibility - The feasibility of the mission is established

by the use of scaled tanks to minimize weight, and by the use of existing geuging equi
ment. Modifications to the Gemini and Agena appear to be straightforward. Payload
requirements are within the GLV and Agena capabilities. Because of tle scale effect
of the gauging devices, further analysis will be necessary to determine the exact

test configuration.

2,7.6 Cost Feasibility - The first unit cost is estimated to be $20.5 million,

with each mdditional unit costing $1.5 million, plus the cost of the spacecraft and

launch vehicles.

2.7.7 Schedule Feasibility - It is estimated that approximately 2L months

MCDONNELL
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2,7.7 {Continued)
wvill be needed to complete the modifications to the Geminl and Agena.

2.7.8 Operations Feasibility - The mission makes use of a standard Gemini/

Agena rendezvous and docking, EVA will have been accomplished in previous Gemini
flights. Therefore, new operational procedures, other than the actual manual
eoupling and subseguent propellant transfer, are not reguired.

2.7.9 Impact on Gemini Program - Since the acquisition time is estimated to

be 24 months, delays would result if the experiment were incorporated om later
Gemini flights. If a refurbished spacecraft were utilized, the mission could be

sccomplished without interference with the Gemini program.

MCDONNELL
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2.8 long Duration Mission

2.8.1 Description - The in-orbit configuration of the long duration (30-45
days) mission orbital spacecraft inmvolves the addition of a "Mission Section” to
the Agene and a combination "access tummel/living quarters™ segment which is used
for transfer from the Geminl to the mission section. The mission section conteins
the food, water, personal gear, snd emergency oxygen supplies. The section is 60
inches in diameter and 165 inches long. The sccess tunnel provides direct access
to the mission section. It is inflatable and is erected by one mesn outside the
spacecraft. The tunnel is composed of multi lsyers of dacron, polyurethsne, and
vioyl foam. The tunnel volume appears to be adequate for crew activities to be per-
formed. The major modification to the Gemini consists of redesign to include another
spaller hatch within the present right hand hatch.

2.8.2 Technical or Scientific Benefit - Possible benefits or 8 technical or

sclentific nature are:
A. Long duration weightlessness experiments (up to 45 days)
B. Extravehiculer assembly and development of technigues for assembly in
space outside a spacecraft or space station.
C. Expandable living quarters development and demonstration

2.8.3 Effects on U.S. Space Program

A. Apolio - Development and proof testing of Expandable Structures for
temporary shelters on the moon for short pericds of time, or for lunar
Instrumentation housings is obtained.

B. AES and Advenced Missions in General - The utility of expendable structures

for space living quarters on long duration missions, and for use as

MCDONNELL
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2.8.3 (Continued)
access tunnels or eavironmentsl hangers for advanced space stations, would
be evaluated.

Ce DOD - A tunnel of this type was considered for MOL crew transfer.

2.8.4 Prestige Value

A. Domeptic ~ The miesion would be an advancement In the state of the art
in the development of equipment end technigues to be used im future spece
stations and lunar bases and exploration.

E. International - Extravehicular erection of a structure and the extended

mission should enhance prestige.

2.8.5 Performance Feasibility - Over all performance appears to be feasible

based on preliminary anslysis of test requirements and existlag hardware and
technology. Preliminary estimetes indicate the peyload requirements to be within
the capabilities of the GLV and the Atlas-Agens.

2.8.6 Cost Feasibility - The first unit cost is estimated to be $36 million,

with each additional unit costing $6.0 million, plus the costs of the launch
vehicles (see Section k).
2.8.7 Schedule Feasibility - The development and qualification of the Access

Tunnel/Living Quarters snd associated equipment will teke epproximately 18 monthe.

2.8.8 Operations Feasibility ~ The present Gemini program will provide proof

of the feasibility of extravehicular activity end a level of experlence in free
space action. Erection of the access tunnel and activation of the mission
section appears to be an operationally feasible mode.

2.8.9 Impact on Gemini Program - Based on present schedule estimates, it

appears the long durstion mission could be fitted into the present Gemini program.
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2.9 Land Landing

2.9.1 Description - Land lending is considered to be very desirable, and a
parasail-landing rocket system for Gemini is currently under development by NASA.
Tests of the paressaeil-lending rocket system are now in progress. The first full
scale Geminl parasail drop test produced some unsatisfactory results:

(1) the control motors apparently locked, which caused the spscecraft to turn vhile
landing snd probably csused the spacecraft to tumble; (2) the landing rockets
fired, dislodged rocks of considerable size, and crested a fairly large crater
vhich may also have caused the spacecraft to tumble.

Conslderation has been given to cther methods for providing a land landing
capability, should the present parssail landing system prove unacceptable. It 1is
felt that mejor design changes to Gemini would not be acceptable and landing
schemes involving minimum change to Gemini were considered. Two alternative
approaches are:

A. The landing rockets for the parasail could be suspended from the para-

sail bridle.

B. The parasall-lending rocket confignration could be replaced with a clover-
leaf parachute vwhich would decrease the descent velocity to 13 fps prior
to impact. Thirteen feet per second is the allowable impact velocity
for the present Geminl structure.

Some other landing schemes considered, but which would require extensive

change to Gemini, are:

A, Installatlon of Impect Bags between Heat Shield and large pressure bulk-
head, plus the installation of a toroidal shape impact bag around the

recovery section.

MCDONNELL
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2.9.1 (Continued)

B. Installation of cable-spike arrsngement in conjunction with an impact bag,
an extendable heai shield, or vertical lsnding rockets and utilizing heat
shield deformation for energy sbsorption.

C. Horizontal and verticel landing rockets.

D. lLarger landing gear (increased stroke and strength).

2.9.2 Technical or Scientific Benefit ~ Land lending capabllity is desirable

in the U.S. Space Program, particularly from & military standpoint since security
would be more easily maintained. In addition, "dry"™ landings should reduce
refurbishment required and is therefore desirable from a reusability standpoint.
A. Apollo - Future Apollo missions could benefit from addition of a land
landing capability.
B. AES and Advanced Missions in General - Land landing techniques would be

developed and availasble for possible application to future missions.
C. DOD - Land landing capability could be incorporated on the Gemlni B.

2.9.4 Prestige Value - Domestic prestige should be incressed by demonstrating

this capability. Television could show the actual landing. Probably little
international prestige can be gained since the Soviet Union presumsbly has a land

landing capability.
2.9.5 Performance Feesibility - Weight estimates show that the clover leaf

system could be incorporated within GIV payload capebility by elimination of the
rendezvous capability.
2.9.6 Cost Fessibility - For the parasail system employing landing rockets

suspended from the risers, it is estimated that the first unit cost would be $4.6

million, with esch additional unit costing $0.35 million. For the cloverleaf Eys-

tem, the first unit cost is estimated to be $15.2 million, with each additional unit
costing $0.20 million. Spacecraft and launch vehicle costs are to be added.
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2.9.7 gehedule Feasibility - It is estimated that cloverlesf system would re-
guire sbout 30 months to develop for Gemini. Qualification of a landing rocket
suspended fram the parasail risers would require about 24 months.

2.9.8 Operstions Feansibility - Development of the cloverleaf chute appears to
be well under way. Suspension of a landing rocket on the risers should be a rela-
tively straightforward develomment.

2.9.9 Impact on Gemini Program - Land landing capeblility would be incorporsted

in conjunction with one or more other experiments.

2.9,10 Qther Aspects - The installation of the present perssail system on

Gemini (S/C #12) will incur a weight increase. The rendezvous system (radar, OAM's
propellant tanks and pressurant, ete.) will be removed to provide for the additional
weight of the parasail land landing system dver the perachute water landing system.
There are approximately 400 lbs. of experiments on S/C #12 which could be eliminated
to permit retention of some rendezvous cepability. It is doubtful that the rendez-
vous capebility could be retained with a landing rocket stored in the rendezvous and
recovery section, at least without extensive redesign.
The parasail land landing system has not been approved for installation on

Gemini as of this date, However, McDonnell has submitied & work stetement to RASA

for approval.
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3. SUFPORTING INFORMATION

3.1 Rendezvous with an Unmanned Satellite ~ The basic mission plan for ren-

degvous with the Pegasus is presented in Figure 3.1-1. The plan is to: (1) inject
into a low orbit coplanar with the Pegasus orbit for groes catch—up,' (2) transfer
open locp, based on tracking date,to a slow cétch-up orbit slightly lower than the
Pegasus orbit, and (3) perform & ¢losed-loop rendezvous after radsxr contact is
made.

The ampunt of OAMS propellent remaining at injection of the Gemini into a
87-100 na. mi. orbit as a function of total OAMS propellant loaded at 1ift-off is
shown in Figure 3.1-2.

A preliminary estimate of the propellant required for the misslon is shown
in Table 3.1-1. This is alsoc noted on FPigure 3.1-2,

The weight datd used in calculating the propellant required for rendezvous
with Pegasus 18 given in Figure 3.1-3 as a function of OAMS propellant loaded.
Current Gemini Igp of 256 seconds was used in estimating propellant required for

AV. An Igp of 225 secoxllds (pulse mode) was used vwhen estimating attitude con-
trol requirements.

Redistion dose rate estimates are surmarized in Table 3.1-2. The misslon dose
dependson the detailed mission profile. The dose rates given allow the mission
dose to be estimated vben the time spent in each particular profile segment is
known. As shown, the radiation dose is almost entirely received in the region
south of the equator and between South America and Africa. Within this region,
the dose received is dependent upon altitude, increasing rapidly with altitude.

For June 1966, s lockheed radiation model (Reference 3.1-1) predicts that,
for a 30° inclination circular orbit at 325 nautical miles altitude, a man in

al 1b/rt2 space suit would receive 25 rads/day, with a range of uncertainty of

MCDONNELL
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SCHEMATIC OF MKISSION PROFILE
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OAMS PROPELLANT REMAINING AT INJECTION AS A FUNCTION
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TABLE 3.1-1

ESTIMATED RENDEZVYOUS AV

CIRCULARIZE @ 100 N.M.
TRANSFER TO SLOW CATCH-UP

CLOSED LOOP RENDEZVOUS (PERFECT)
GUIDANCE AND NAVIGATION ERRORS

23 FT./SEC.
790 FT./SEC.
17 FT./SEC.

50 FT./SEC.

DOCKING 50 FT./SEC.
TOTAL 930 FT./SEC.
OR IN POUNDS 920 LB,
{8540 L.B. INITIAL SPACECRAFT WEIGHT IN ORBIT)

ESTIMATED ATTITUDE CONTROL PROPELLANT 78 LB,
(BASED ON .1 FT. c.g. ECCENTRICITY, | DEGREE

THRUSTER ALIGNMENT AND 2.5 DEG./SEC.

ORIENTATION RATES AND 20% MARGIN).

TOTAL WEIGHT 998 LB,
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LAUNCH WEIGHT VS. PROPELLANT ON BOARD
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TABLE 3.1-2

RADIATION DOSE RATE ESTIMATES FOR
GEMINI-PEGASLIS RENDEZVOUS MISSION
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3.1 (Continued)
from 8 rads/day to 80 rads/day. Inside the Gemini, the astronauts would receive
about 30% of the doses

For June 1966, a McDonnell radiation environment model predicts that, for the
same orbit and altitude, a man in a 1 lb/ft2 space suit would receive only 5.k
rads/day, with a range of uncertainty of frem 2 rads/dsy to 15 rads/day. Inside
the Gemini, the astronauts would receive about 30% of the above M.A.C. dose

Since both sets of values are predictions, based for the most part on the same
or equivalent data, a choice as to the correctness of either model can not be made
&t this time. However, the M.A.C. model is less by & factor of nearly 5 than the
Lockheed.

When the Gemini 1is in an elliptical orblt at an inclination of 30° and with a
perigee of 290 nautical miles and apogee of 394 nauticel miles, the dose to the
astronpauts will depend sharply on whether the apogee or the perigee is located
south of the equator and between South America and Africa. With the perigee in
this region, the dose figures above are divided by a factor of 1l.6. With the
apogee in this reglon, the dose figures are multiplied by a factor of 5. If the
upper limit based on the Lockheed radiation model of 80 raﬁs)day is correct, then
an astronaut in a space sult would receive approximately 400 rads/day to his skin.
This would cause erythema {ekin burn) and would probably limit severely any future
missions for the astronaut. Thus, one criterion for minimizing radiation dose in
an elliptical orbit has been established; stay in the elliptical orbit only when
the perigee is over the South Atlantic region, or when the orbit plane is cutside
that region.

The time spent in a 100 ngutical mile circular orbit is of comparatively

small consequence to the total mission dose, since the dose rates given for a

MCDONNELL
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3.1 {Contimued)
325 nautical mile circular orbit are less by about a factor of 50.

The mission dose will alsc depend on the month and year of the mission. For
a January 1966 mission, the dose rates are a factor of 3 higher than the dose
rates for Jupe 1966, For a January 1967 mission, the dose rates are a factor of
3 lower than the dose ratés for June 1966. This is primarily due to the slow
decay of the Starfish artifical radistion zone.

The weilght added to the Gemini is summarized in Table 3.1-3.

TABLE 3.1-3

WEIGHT SUMMARY
RENDEZVOUS WITH UNMANNED SATELLITE (PEGASUS)

WEIGHT ADDED TO GEMINI ADAPTER (2052)
PROPELLANT 1380
FUEL 622
OXIDIZER 758
TANKAGE 79
FUEL TANKS (4) 36
OXIDIZER TANKS (4) 43
PRESSURIZATION SYSTEM 82
HELIUM 8
HEL!UM TANKS (4) 74
MOUNTING ' 130
THRUSTERS 51
100 LB. TCA (4) 37
MOUNT ING 9
CIRCUITRY 5
RETROGRADE SYSTEM 330
ROCKET MOTORS 270
MOUNTING AND CIRCUITRY 50

MCDONNELL
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3.2 One Man Gemini-Earth Surface Mapping - Low altitude earth surface

photography applicable to topographic mapping, geological reconnaissance, and to
studies of oceanography, hydrology, and meteorology, can be accomplished with a
One-Man Gemini. For illustration, from a 120 n.m. low inclinatlon orbit, stereogra-
phic photographs can be obtained with pedir resolution of 22,5 f£t. for 2:1 contrast
and estimeted mapping accuracies of better than 1000 feet. Film ls provided for an
ares of 1%.3 million squere nautical miles. Complete coverage with 50% overlap at
the equator, between + 45° lateral swathwidths ou successive dsys, can be completed

in a seven day mission st the 120 p.m. orbital altitude and 35° inclination orbit.

3.2.1 Experiment Equipment Description and Illustrative Performance -~ The

equipment complement, installed as shown in Figure 3.2-1, with the characteristics
indicated in Table 3.2-1 consists of the following:

Panoramlc Mapping Cameras (2) - Utilizing a 13 inch focal length, £/3.5,

Petzval lens design by Itek (Figure 3.2-2) in a nodding lens pan design, a
100 lines per m.m. resclution is realizable at low contrast (2:1) on S0-206 thin
base 70 m.m. film. A 10° x 90° scanning field is employed. The resolution at a
120 n.m. altitude and a contrast of 2:1 is 22.5 feet per cycle, A one milllsecond
or shorter exposure time is required with a sun altitude above 20°, The short
exposure time coupled with the focal length permits loose lmage motion compensation,
attitude rates, and attitude tolerances. Image motion compensation accuracy as
poor &s 15% of nadir V/h results in negligible resolution loss.

The cameras operate unpressurized, but are thermally controlled electrically
to maintain alignment and focus. The inecluded angle between the two cameras is
256 for stereoscopic viewing (map contouring). Fiducial marks and data annotation

are included on each frame for correlastion with post flight orbit data. With time

MCDONNELL
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GEMIN) SPACEGRAFT - ADVANCED MISSIOKS

REPORT NO, B7SE ~ 25 MAY 1955
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GEMINI SPACECRAFT + ADVANGED MISSIONS

REPORT NO. B758 ~ 26 MAY 1965

3.2.1 {Continued)
between camera frames and velocity accurately known, & baseline 1s established
which in conjunction with a mechanically controlled camera convergence angle of
25° permits uncertainties in altitude (and scale) to be minimized by analysis of
stereoscoplc parallax between matching stereo photos. Coupled with a few arc~
minutes error in local vertical from & horizon camera, mapping accuracles of
1000 feet are anticipated.

Film used is S0-206 thin base on 18 inch dlameter reels. The reel dlameter
in the right hand crew compartment is the limiting factor rather than film weightb.
Sufficient film is carried to map 14.3 million squere nsutical miles in stereo

from 120 pn.m.

Horizon Camera (1) - A 70 m.m, frame camera which views the horlzons is slaved

to the pan cameras. Local vertical to a few minutes of arc is ascertained at the
instant of each pan cemera sweep center. A boresight center reticle is exposed on
each horizon segment of the frame so that attitude excursions can be compensated
in pen camera frame nadir point determinations.

The horizon camera head is retracted during launch, and is extended in orbit
to provide a clear view of the horlzon guadrants. Upon completion of the misslon,
the head may be either retracted or jettisconed to permit hateh closure.

Sufficient film is carried to correspond to complete exhaustion of the pan
camera film (one frame/pan camera frame).

The design is similar to that of the horizon cemera built by Wild of Heerbrugg.

70 m.m. Color Cameras (2) - Continuous color coverage 1s provided for the

areas mapped by the pan cameras by the inclusion of two-52 m.m. foeal length
£/3.5, 70 m.m. color cameras. The cameras, each with a 52° field of view, look
down end to the side with a slight nadir lateral overlap of about 5%, thus provid-

ing more than 90° lateral viewing using both cameras. Forward overlap of 55% is

MCDONNELL
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3.2.1 (Continued)
1s programued so that stereoscoplc color analysis can be performed. Sufficient
£i1m is carried to map the entire area mapped by the pan cameras. A resolution
of slightly greater than 40O ft. from & 120 n.. altitude is obtained.

Viewfinder (1) - The astronaut's viewfinder consists of a simple optical train

using periscopic wide field optics. A real field of 40° at a magnification of 1.5
is employed to epable the astronaut to look down at part of the field to be mapped.
The entire system is operated manually over areas of extensive cloud cover to con-
gerve film.. The viewfinder will include a yaw reference reticle for manual con-
trol of yaw attitude. The astronaut controls the spacecraft in yaw to within a
few degrees of the nadir ground track.

Control Panel (1) - A simple control panel for astromaut operation consisting

of cn-off-warmup system positions as well as & display of film used is included. A
clock dieplay and up-date feature are essential to proper system operatiom, since
operation is manually intiated and stopped. One coatrol knob is used manually to
insert ground supplied V/h-far control of image motion tompensation and the camersa

intervalometer.

3.2.2 Orbital Mapping Considerations - Selection of the orbit characteris-

tics for the mapping mission is based on several overlapping factors which need to
Ye evaluated to assure a practical and efficient mission. The following pera-
graphs discuss some of these considerations for a circular orbit with an altitude
tetween 100 and 160 n.m. A sensor with a total lateral fileld of view of 90°
with its 1line of sight pointed along the local vertical is assumed.

The orbit-to-orbit snd the day-to-day shift of the spacecraft ground track

with respect to a reference point on the earth is determined by the orbit perlod.
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