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1. INTRODUCTION
Nine advanced missions, or’experiments, for the Gemini Spacecraft are discussed
in this report. In Section 2, a qualitative, narrative discussion of the following
aspects of the missions 1s presented:
l. Title
2. Description
3. Technical or Scientific Benefit

L, Effects on U.S. Space Program

(a) Apollo
(b) AES and Advanced Missions in General
(e) DOD

5. Prestige Value
(a) Domestic
(b) International
6. Performance Feasibility
T« Cost Feasibility
8. Schedule Feasibility
9. Operations Feasibility
10. Impact on Gemini Program
11. Other Aspects
Additional technical detail on each of the missions is presented in Section 3.

The missions are summarized, and cost and schedule information are presented in
Section k.

The information presented is more comprehensive for some missions than for
others, reflecting differences in background information availeble and previous work
performed in related areas at McDonnell. 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 availability is assumed and the costs

that might be incurred on launch vehicles are not included.

MCDORNNELL
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2. ADVANCED MISSIONS

2.1 Rendezvous with an Unmanned Setellite

2.1.1 Description - The objective of the flight is to rendezvous with a non-
cooperative target, nemely the Pegasus satellite, photograph the meteoroid puncture
penels to corroborate telemetered data, end remove and return a piece of one of the
penels by extravehicular activity, if possible.

The basic mission plan is to: (1) inject into a low orbit coplanar 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) perfomm a
closed loop rendezvous after contact is made. An alternate plan would be to
first rendezvous with an Agena and then use the Agena propulsion for the open loop
transfer to the slow catch-up orbit. The Agena would then be discardei and a second
closed loop rendezvous performed with Pegasus. The alternate is operationally com-
plicated and would not be considered unless more extensive analysis shows the basic
plan unworkable or undesirsble.

After rendezvous is completed, a slow pass is made to photograph the meteoroid
puncture panels. After the photograph run is completed, the two craft are "docked"
and a crewman secures the specimen of the panel by EVA.

2.1.2 Technical or Scientific Benefit =~ The greatest benefit of the mission

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

the possibility of obtaining additional data using spacecraft with this capability.
The information returned from the Pegasus should provide, in additior to substantia-
ting data 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.S. Space Program - The experience obtained would be direct-

ly applicable in the areas of satellite data retrieval, resupply, maintenance, re-

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

MCDONNELL
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2.1.3 (Continued)
should be considersbly increased, which will benefit the Apollo and other future
space programs.

The mission will provide informastion for DOD directly applicable in the aress
of satellite interception, inspection, and surveillance.

2.1.4 Prestige Value - The return of & piece of a spacecraft from orbit, =a

feat which has yet to be accomplished, would demonstrate advanced space skills and
carry implicetions of &n ability to exercise access to any orbiting object at will.

2.1.5 Performance Feasibility - Preliminary analysis shows that if the QAMS

is augmented by the addition of two sets of tanks and four 100 1lb. thrusters, and
if some of the additional AV capability is used to extend the GLV payload capa-
bility, rendezvous with Pegasus is possible. Analysis shows that 860 lbs. of the
1860 1bs. of propellant losded in the OAMS at 1liftoff will be used to inject the
Gemini into a 87-100 na. mi. orbit. The remaining 1000 lbs. of propellant should
be sufficient to complete the mission. The weight change associated with the
change in spacecraft configuration and propellant loading, and the use of eight
rockets for retrograde fraom the Pegasus orbit, are considered in the analysis.

Extensive analysis of: (1) injection performance, (2) rendezvous with a space-
craft in an 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 additional unit costing $1.75 million, plus the cost of the spacecreft and
leunch vehicle. (See Section 4.)

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

in approximately 20 months.

MCDONNELL
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2.1.8 Operastions Feasibility - The effect of the changes required, OAMS aug-

mentation and possible computer program changes should mske little difference in
over-all ground operations. Flight operations are similar to those for Gemini and
are expected to be straightforward.

Radistion hazard over the South Atlantic may require flight operations at the
Pegasus altitudes to be performed when the orbit does not enter this zone, accord-
ing to a radiation analysis conducted using two different radiation models.

2.1.9 Impact on Gemini Program - The impact of the Pegasus mission on the

Gemini Program would be principally that of sustaining a fairly sizeable engineering
effort to accamplish 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 changes have not
been ascertained to date.

Aside from the actual hardwere changes, the suitability of: (1) the Gemini
scheme of rendezvous when in elliptic orbit, (2) the re-entry control scheme when
re-entering from high orbits, and (3) the launch guidance back-up for controlling
an OAMS augmented 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

| —CONFIDENTAE— 2-3



CONF
GEMINI SPAGECRAFT « ADVANGED MISSIONS

REPORT NO. B766 ~ 26 MAY 1965

2.2 One Man Gemini-Earth Surface Mapping

2.2.1 Description - Low latitude earth surfece photography eapplicable to
topographic mapping, geological reconnsissence, and to studies of oceanogrephy,
hydrology, and meteorology, can be accomplished with a GLV launched One Man Gemini.
A camera system which can be mounted in the right hand side of the crew compertment
can provide useful resolution and mapping accuracies. A mission duration of 7 deys
allows complete coverage at the equator with 50 percent overlap. ILow resolution
auxiliary color cameras provide for correlation between color tonal gradations and
the higher resolution black and white pictures.

The Gemini is flown upside down and sideways, with the right-hand hatch door
open to expose the thermally controlled, unpressurized camera system. Mapping
camera system design is such that close tolerance sttitude, attitude rate, or imsge
motion compensation control are not needed. However, a horizon camera is included
to obtain precisely the local vertical when imaging the nadir. An auxiliary horizon
scanner for coarse pitch and roll reference is also included. Manual yaw sensing
and control to the ground track is employed.

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

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

and technical benefit, in terms of topographical mapping of underdeveloped areas,
determination of oceanographic characteristics, better definition of Earth follia-
tion outlines, and geological refinements.

2.2.3 Effects on U.S. Space Program - Advanced missions in general would be

aided by the experience gained 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 commercial contributions to be gained by the increased accuracy and detail
of the large scale mapping.

2.2.5 Performence Feasibility - Since the estimated mission performance is

based upon use of existing equipment and technology, feasibility is not considered
to be in question. The paylosd requirements are within GLV 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
and launch vehicle. (See Section 4.)

2.2.7 Schedule Feasibility - It is estimeted that about 24 months would be

needed to perform the necessary engineering and fabrication.

2.2.8 Operations Feasibility - Ground tracking and monitoring for orbital

period control is obtainable with the existing ground network. One Man Gemini
operations have been previously studied at McDonnell and are considered quite
feasible.

2.2.9 Impasct on Gemini Program - The 2k months acquisition time would result

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

out interference to the Gemini program.

MCDONNELL
—— CONEIDERTIAE— 2-5



W
GEMINI SPACECRAFT + ADVANCED MISSIONS

REPORT NO. B766 ~ 26 MAY 1965

2.3 One-Man Gemini with Astronomical Telescope

2.3.1 Description - Two types of telescope installetions for the one-man
Gemini were examined: (1) a 16-inch diemeter telescope located in the right-hand
crewman's seat, and (2) a 26-inch diameter telescope mounted in the adapter with
access to the telescope through a hatch in the heet shield. Both installstions are
discussed in Section 3.3. Although minimum change to Gemini is a ground rule for
the missions presented in this report, it is felt that the adapter-mounted design
offers sufficiently greater return, scientifically and technologically, to make it
the preferred approach. 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 spacecraft with a 26-inch diameter, 560 pound, astronomical
telescope in the adapter can be placed in & 200 na. mi. circular orbit by the Gemini
launch vehicle in 1968. The two mission goals are: (1) to demonstrate the ability
to maske astronomical messurements with & pointing accuracy of 0.1 arc-seconds for
periods over ten minutes, and (2) to obtain new astronomical data.

To provide a steady vehicle base for the telescope, the altitude and attitude
are chosen to keep the external disturbance torques on the spececraft low. A fine
attitude control system is added to stabilize the spacecraft in the presence of the
low disturbance torques. A heat shield hatch and tunnel are added to provide pres-
surized access to the telescope, and to provide room for experiments on the isola-
tion of astronaut motions fram 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 star can be made either
by selecting lsunch time or by operating in the presence of a large gravity gradient

torque.

MCDONNELL
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2.3.2 Technical end Scientific Benefit - The one-man Gemini experiment could

remove one of the major obstacles to the advancement of space astronomy by demon-
strating a practical means for eliminating undesirable effects of astronaut motions
on telescope pointing angle stability. Pointing angle stability is essential to the
development of a capability for orbiting observations with telescope apertures over
100 inches, utilizing resolutions better than 0.0L4 arc seconds, for purposes such as
seeing faint stars never before observed and for searching for planets associated
with nearby stars.

The optical aligmment and adjustments for such large observatories involves
meny tasks which are facilitated by manned operation. However, the astronaut dis-
turbances must be kept smsll. Three techniques for keeping astronaut disturbances
small are: (1) isolation of the telescope, (2) isolation of the astronsut in the
observatory or in a separate spacecraft, and (3) compensation for the disturbances.
The use of a separate spacecraft is not appealing due to time lost in transfer.
Compensation for meximum likely disturbance torques caused by body or limb motions
is difficult because the torques are large and change greatly 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 astronsut from the spacecraft and telescope in a controlled
floating or elastic support in the spacecraft offers a promising way of simplifying
the problem of precise attitude control of the msnned spacecraft. The astronsut
could perform direct viewing, visual elignment, focusing, star acquisition, and
other functions while mechanically, but not visually, isolated from the telescope.
In the extreme, a controlled floating crewman support can be mechanically reaction
balanced 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 techniques in the one-man

MCDONNELL
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2.3.2 (Continued)
Gemini. In eddition, techniques for compensation for disturbances can be evaluated.
The scientific benefits of the one-msn Gemini include visual planetary obser-
vations and photographic plate ang film data return.

2.3.3 Effect on U.S. Space Programs - The experiment provides a desirable

foundation for manned orbiting observatories having large, greater then 100-inch,

apertures.

2.3.4 Prestige Value - A "first" would considerably enhance prestige, perti-

cularly in the scientific community. Considerable additional prestige would accrue
by publication of photographs hitherto unavaileble, particularly if new astronomical
phenomens were discovered.

2.3.5 Performance Feasibility - The 0.1 arc-second pointing angle stability

for the telescope line of sight is considered to be e reasonsble design goal.
Peyload requirements are within GLV capability.

2.3.6 Cost Femsibility - The first unit cost is estimated to be $53.3 million,

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

2.3.7 Schedule Feasibility - It is estimsted that 30 months are required from

go-ghead to delivery for the adapter 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
will have been developed for Gemini B. Otherwise, operations are similar to those

for Gemini.

MCDONNELL
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2.4 Artificial Gravity Experiment

2.4.1 Description - Three methods of providing centrifugal force for artifi-
clal gravity with a Gemini spacecraft were investigated: (1) rotation 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 a cable-
connected Gemini and either the Agena or Stage II of the GLV.

The first method provides an eyeballs-out g force, unless the crewmen are 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 which results in lower Coriolis effects. The cable system results, however,
in increased weight, design, and operational complexity. The second method involves
& rendezvous with an Agena. For each method, spin-up would be accomplished manually
using the appropriate attitude control or meneuver thrusters.

In each concept, it will be of interest to consider several directions of spin.
Because of Gemini cockpit confinement, spin about the various 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 artificial 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, artificial gravity provisions in future space station designs.

2.k.3 Effect on U.S. Space Program - Advanced manned missions, including Apollo

Extension Systems and Manned Orbital lLaboratories for extended periods of time, will
derive the technical benefit cited. The Gemini test will provide data for making
decisions concerning artificial gravity provisions at an earlier stage of develop-

ment of advanced manned missions.

MCDONNELL
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2.4.4 Prestige Value - Prestige would undoubtedly result from being first to

produce artificial gravity in space and establish meaningful design criteria.

2.4.5 Performance Feasibility - The operationsl conditions studied indicate

that methods using Gemini Orbit Attitude and Maneuver System (OAMS) thrusters are

feasible if application to operations other than spin or despin are limited. It

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

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

used for artificial gravity. A major portion of the design life of the lateral

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

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

Agena payload capabilities.

2.4.6 Cost Feasibility - For the two methods involving direct coupling to

either the GLV or Agena stages, the first unit cost is estimated to be $3.75 mil-
lion with each additional unit costing $0.25 million. For the cable connected
system, with either the Agena or GLV stage, the first unit cost is estimated to be
$22 million with each additional unit costing $2.0 million. Costs of spacecraft
and launch vehicles are to be added. (See Section k4.)

2.4,7 Schedule Feasibility - Flights with the directly-connected vehicle

methods appear to be readily feasible early in the current Gemini program. The
cable 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, assuming an immediate go-aheed.

2.4.8 Operational Fessibility - The directly connected vehicles result in

an operationally simple method of producing centrifugal force for artificial

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

MCDONRNELL
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2.4.8 (Continued)
tions are similar to those involved in a normal rapid slew maneuver. Thus, the
docked Gemini-Agena concept appears feasible and achievable at an early date.
Rotation of the Gemini directly connected to Stage II of the GLV, with the crew
members positioned to minimize adverse physiologicel 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 cepsule, spin-up to the artificial gravity level while keep-
ing cable slack from becoming excessive, and disconnecting the cable at the end of
artificial gravity operation. However, previous McDonnell studies have shown this
method to be completely feasible.

2.4.9 Impact on Gemini Program - The impact on the Gemini program 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 Lunar 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 Apollo lunar mission. Therefore an early earth-
orbit test of the LEM rendezvous equipment and technique would be highly desirable.
However, the LEM does not possess a re-entry or launch vehicle escape capability so
a manned launch would be extremely risky. Autometing the LEM probably would not
provide a very satisfactory simulation since in the actual Lunar Orbit Rendezvous
(LOR) heavy reliance is made on manual methods and human capebilities. A Gemini
spacecraft, with its inherent re-entry and escape capability, could be used 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
observations, or modifying Gemini equipment in order to simulate the LEM rendezvous
operations. A rendezvous target with actual Apollo CM equipment or equivelent 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 hardware 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 men in the loop. The Gemini test flight would improve the technical under-
standing of LEM rendezvous by providing a test using actual hardware in a manned,
space environment. The experiment would be of greatest technical importance if
actual 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.

MCDONNELL
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2+5.3 Effects on U.S. Space Program - It is difficult to evaluate these effects

without a detailed knowledge of the Apollo flight test program. A Gemini flight test
would provide a ver& early indication of possible deficiencies, and would be an asset
to the Apollo 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

systems aboard the Gemini could, if necessary, be compensated by either off-loading
maneuver propellant or shortening the mission, a.l't:hough it eppears this would not
be necessary. If LEM hardware is not used, there would not be a significant weight
increase. The present Gemini orbit propulsion system would provide adequate pro-
pulsion performance for LEM rendezvous evaluation.

2.5.6 Cost Feasibility - It is estimated that the first unit cost would be

$18.5 million with each additionel unit costing $5.1 million if LEM equipment

were used, If modified Gemini equipment were used, the first unit cost would

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

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

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

2.5.8 Operations Feasibility - With or without the utilization of IEM hard-

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

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

MCDONNELL
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2.5.8 (Continued)
the mission control center should be straightforward since the mission is a natural
follow-on to planned Gemini Rendezvous missions.

2.5.9 Impact on Gemini Program - The test flight could be added as & piggy-

back experiment to a Gemini flight in late 1966 or as the primary mission of an
edditional 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 Assembly in Orbit

2.6.1 Description - Man is capable of performing many useful extravehicular (EV)
functions in space, such as assembly, maintenance, inspection and alignment of rad-
iators, sensors, antennas, and propulsion systems, as well as serving as a 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 antenna, and the
disassembly and recovery of a 100-lb. QAMS Thrust Chamber Assembly (TCA).

The antenna is folded and stowed on the nose of the Gemini for launch.

An ascent fairing covers the entire assembly. One crewman leaves the Gemini

with 30' extension umbilicals, and manually erects the antenna and extends the
feed horn. Some gpructural modification to the Gemini nose to accommodste the in-
creased launch loads is required. The surface of the antenna disk is an aluminum
coated palyethylene mesh, irradiated, and formed in parabolic segments. Voids in
the surface allow for passage of the crewman and afford clearer visibility for
manual pointing. After erection, the antenna can be used for a variety of
communication experiments.

The TCA is removed by the crewman 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-
pellant downstream of the propellant isolation valves.

2.6.2 Technical or Scientific Benefit - Construction of the large

communications 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 chamber assembly simulates a type of repair activity

which may be needed in future space operations. It would also establish the

MCDONNELL
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2.6.2 (Continued)
feasibility of performing various tests of rocket motors and other equipment under
orbital conditions, and returning the test specimen to earth for evaluation. These
tests would be desirsble 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 structures in orbit is of significance for the planning of future missions.
Information derived from the proposed examination of the rocket epecimens
would be of advantage in designing propulsion systems for various space programs.

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

travehicular activities has been demonstrated. U.S. prestige would be enhanced in
this case since the experiments simulate operations of a practical nature.

2.6.5 Performance Feasibility - The experiment is considered to be feasible

gince advance in the state-of-the-art will not be required for the development of
the erectable antenna. The payload is within the GLV capability.

2.6.6 Cost Feasibility - The first unit cost is estimated to be $16.75 mil-

lion, with each additional unit costing $1.75 million, plus the cost of the space-
craft and launch vehicle. (See Section L.)

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

this mission ready for flight in approximately 16 months after go-szhead. 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 extravehiculer capabilities of both the suit 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 payload capsbility of the Agena allows
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 & structural assembly in space experiment.

MCDONNELL
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2.7 Propellant Transfer Tasks

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

2.T.2 Technicel 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-up
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 supply tank).
E. Establish methods for guantity monitoring of fluid (propellant) remaining
in the supply tanks and fluid accepted by the receiving tanks.

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

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

include:

MCDONNELL
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2.7.3 (Continued)

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

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

2.7.4 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 gauging equij
ment. Modifications to the Gemini and Agena appear to be straightforward. Payload
requirements are within the GLV and Agena capabilities. Because of the 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 additional unit costing $1.5 million, plus the cost of the spacecraft and
launch vehicles.

2.7.7 Schedule Feasibility - It is estimated that approximately 24 months

MCDONNELL
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2.7.7 (Continued)
will be needed to complete the modifications to the Gemini 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
coupling and subsequent propellant transfer, are not required.

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 on later
Gemini flights. If a refurbished spacecraft were utilized, the mission could be

accomplished without interference with the Gemini program.

MCDONNELL
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