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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:
1. Title

2. Description
3. Technical or Scientific Benefit
k, Effects on U.S. Space Program
(a) Apollo
(b) AES and Advanced Missions in General
(¢) 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 technicel detail on each of the missions is presented in Section 3.
The missions are summarized, and cost and schedule information are presented in
Section L.

The information presented 1s 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 schedule 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 lsunch vehicles are not included.
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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 & plece of one of the
panels by extravehicular activity, if possible.

The basic mission plan is to: (1) injeet inte a low orbit coplanar with the
Pegasus orbit for gross catch-up, (2) transfer open loop, based on tracking dete,
to a slow cetch-up orbit slightly lower than the Pegasus orbit, and (3) perform e
closed loop rendezvous efter contect is made. An alternate plan would be fo
first rendezvous with an Agena and then use the Agens propulsion for the open loop
transfer to the slow catch-up orbit. The Agena would then be discardel and a second
cloged loop rendezvous performed with Pegasus. The alternate is operationally com-
prlicated and would not be considered unless more extensive analysis shows the basic
plan unwarksble or undesirable.

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 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 opendng

the possibility of obtaining additional data using spacecraft with this capability.
The informaticn returned from the Pegasus should provide, in asddition to substantia-
ting dats received from it by telemetry, direct informetion of the effects of
meteorcoild impacts on structures for use in future designs.

2.1.3 Effect on U.S5. Space Progrem - The experience obtmined would be direct-

1y applicable in the areas of satellite deta retrieval, resupply, maintenance, re=-

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

MCOCDONNELL
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2.1.3 (Continued)
should be considerably increased, which will benefit the Apollo and other future
gpace programs.

The miesion will provide informstion for DOD directly applicable in the areas
of sstellite interception, inspection, and surveillance.

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

feat which hes yet to be accomplished, would demonstrete sdvanced space skills and

carry implications of en sbility to exerclse access to any orbiting object at will.

2.1.5 Performence Feasibility - Preliminary analysis shows that if the QAMS

is augmented by the sddition of two sets of tanks and four 100 1b. thrusters, and
if some of the additionsl AV capability is used to extend the GIV payload capa-
bility, rendezvous with Pegasus is possible. Analysis shows that 860 1lbs. of the
1860 1bg. of propellant losded in the OAMS at liftoff will be used to inject the
Gemini into a 87-~100 nea. mi. orbit. The remaining 1000 1lbs. of propellant should
be sufficient to complete the mission. The weight change associeted with the
change in spacecraft configurstion and propellent loading, and the use of eight
rockets for retrograde fram the Pegasus orbit, are considered in the mnalysls.

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 establish 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 mdditional unit costing $1.75 million, plus the cost of the spacecraft asnd
launch vehicle. (See Section k.)

2.1.7 Schedule Feasibility - Tt is estimeted that a Gemini could be modified

in approximately 20 months.

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

mentation and poseible computer program changes should make little difference in
over=-all ground operations. TFlight operstions sre similar to those for Gemini end
are expected to be straightforward.

Redistion hazard over the South Atlantic may require flight operstions at the
Pegosus eltitudes to be performed vhen the orbit does not enter thie zcne, sccord-
ing to a redistion snslysis conducted using two different radistion models.

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

Gemini Progrem would be primcipally thet of susteining a feirly sizeable engincering
effort to asccamplish the propulsion system configuration changes end to insure the
integrity of the associated structural changes. In asddition, changes to checkout
eguipment and AGE would have 1o be made. The magnitude of these chenges have not
been ascertained to dmte.

Aside from the actual hardwsre 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
en OAMS sugmented injection will have to be esteblished. If any of the three were
to give unsatisfactory performance, & new scheme would have {0 be devised, programmed,

and procedures revised.

MCDONNELL
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2.2 One Man Gemini-Earth Surface Mapping

2.2.1 Description - Low latitude earth surfece photography spplicable to
topogrephic mapping, geological reconnsissence, and to studies of oceanography,
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 resclution and mepping sccuracies. A mission duration of T days
allows complete coverage at the equator with 50 percent overlap. Low 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 end 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 ettitude, attitude rate, or imsge
motion compensation control are not needed. However, a horizon camera is included
to obtain precisely the local wertical when imaging the nadir. An auxiliary horizon
scanner for coarse pitch and roll reference is slso included. Manual ysw sensing
end control to the ground track is employed.

Gemini ground tracking network date 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 hardware is used
throughout.

2.2.2 Technicel 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-
tilon outlines, and geological refinements.

2.2.3 Effeets 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 gsined by the increased mccurmcy and detail

of the large scale mapring.

2.2.5 Performance Feasibility - Since the estimated mission performance is

besed upon use of existing equipment snd technology, feesipility ie not considered
to be in question. The payload reguirements are within GLV capability.

2.2.6 Cost FPeasibility - 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 k4.)

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

needed to perform the necessary engineering and fabrication.

2.2.8 COperations Feasibility - Ground tracking and monitoring for orbital

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

fensible.

2.2.9 Impact on Gemini Program - The 24 months acquisition time would result

in 8 deley of a few months 1f the mission were scheduled for spacecraft number 12.

If & refurbished spacecraft were utilized, the misslion could be accomplished withe-

out interference to the Gemini program.

MCDONNELL
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2.3 Qae-Man Gemini with Astronom cal Tel escope

2.3»1 Description - Two "types of telescope installations for the one-nan
Gemni were examned: (1) a l6-inch dianeter tel escope |ocated in the right-hand
crewran's seat, and (2) a 26-inch dianmeter tel escope nmounted in the adapter with
access to the tel escope through a hatch in the heat shield. Both installations are
di scussed in Section 3-3« Al though nmnimum change to Gemini is a ground rule for
the mssions presented inthis report, it is felt that the adapter-nounted design
offers sufficiently greater return, scientifically and technol ogically, to make it
the preferred approach. The hatch in the heat shield should be a devel oped itemby
1967 due to the Genini B program The adapter nounted tel escope is discussed in
thi s section.

A one-man Gemni spacecraft with a 26-inch diameter, 560 pound, astronom cal
tel escope in the adapter can be placed in a 200 na. nmi . circular orbit by the Genni
launch vehicle in 1968. The two mission goals are: (l) to denonstrate the ability
to make astronom cal measurenents with a pointing accuracy of 0.1 arc-seconds for
peri ods over ten mnutes, and (2) to obtain new astrononical data.

To provide a steady vehicle base for the tel escope, the altitude and attitude
are chosen to keep the external disturbance torques on the spacecraft low A fine
attitude control systemis added to stabilize the spacecraft in the presence of the
| ow di sturbance torques. A heat shield hatch and tunnel are added to provide pres-
surized access to the tel escope, and to provide room for experinents on the isol a-
tion of astronaut notions fromthe spacecraft and tel escope. The spacecraft rol
is used for roll pointing of the telescope, and the single-axis ginbal on the tel e-
scope is used for pointing in pitch. Masurenents on any star can be nade either
by selecting launch time or by operating in the presence of a large gravity gradient

t or que.
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