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MANNED ORBITAL LABORATORY TECHNICAL PANEL

FIRST PRELIMINARY REPORT

Section I
Introduction

The Secretary of Defense has recently announced a manned space
project which has been designated the Manned Orbital Laboratory (MoL).
The Air Force is to manage this project. The MOL program is to have
a twofold purpose; basically it is intended to assess man's utility
and ability to perform a military mission in space; secondarily, it
will include those military experiments which can make best use of the
MOL vehicle and which at the same time can be accommodated. Since
the National Aeronautics and Space Administration mey also enter into
the program, other than military experiments mey be carried. The MOL
program presents an excellent opportunity for the Navy to investigate
and establish man's usefulness in space in the performsnce of naval
missions. The investigations of the MOL program are intended to test
or check only those components or parts of a military system which
require the presence of man in space to determine the potential
usefulness of the complete military system which could follow.

At present the MOL program stands in need of Justification within
the Department of Defenseé ih order to obtain the necessary approvals
for the preparation of a complete technical development plan as a
first step in getting the program under way.

In order to prepare the Navy's plan for MOL experiments, by
reference (a) the Bureau of Naval Weapons established a MOL Technical
Panel composed of members from each bureau, the Office of Naval Research,
the Institute of Naval Studies, and such other naval field activities
or laboratories as were interested in or capable of making a contri-
bution. The Naval Research Laboratory was requested to act as host
activity and to designate the Panel chairman. The function of the
Panel was to generate in detail a series of space experiment proposals
suitable for flights on the MOL. A summary report recommending an
array of experiments and supported by preliminary cost estimates,
development schedules, experiment plans, and recommended sponsors for
each experiment (a Navy laboratory or a contractor) was to be submitted
to the Bureau of Naval Weapons for epproval and ensuing action to
assign specific follow-on responsibility and for funding support.

The first meeting of the MOL Technical Panel took place on
27-28 February 1964 at the Naval Research Laboratory under the chair-
manship of Dr. W. C. Hall of the NRL. Minutes of this meeting have
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been provided to all participants (reference [b]). Those in attendance
at this meeting as members of the MOL Technical Panel are listed in
reference (b).

While further meetings of the MOL Technical Panel will be needed
to complete the assignment of the Panel, the urgent time schedule
now being followed in the development of the MOL program makes it ad-
visable to submit a preliminary report at the present time. This
preliminary report will discuss in some detail the concept for
experiments bearing upon the Navy missions and provide all information i
that is available at the present time. It will also list briefly :
some of the more important work yet remaining to be done. The text F
of the report has not been circulated to Panel members for concurrence, i
again owing to lack of time, and hence represents the opinions and ;
work of only & smell number of the whole Panel. For this report,
therefore, the Chairman alone must accept responsibility.

o 1 2T R IR METP SN TR e b

The guidelines provided by the Navy for the MOL Technical Panel
were simply the following: that ocean surveillance, anti-submarine
warfare, and command and control missions were to be given primary
emphasis.

There were several approaches which could be followed by the
Technical Panel in performing its mission. It could proceed logically
to develop & series of experiments based upon concepts of the Navy
mission to provide global coverage of the oceans; thus the Navy is _
required to maintain glaoba} surveillance over surface shipping. }
Similarly it needs surveillance over the globe for submarine activity.
For both purposes it needs all-weather orbital sensors capable of
detecting the presence of and classifying ocean going ships and sub-
marines. In each case the same barrier to progress is reached, namely,
the inability of the present state of the art to provide sensors in
spacecraft capable of obtaining the necessary information for full
performance of the mission.

A second approach being followed by the Space Systems Division
of the United States Air Force is to study thoroughly all suggested
experiments which can be performed in the follovwing general areas:
(1) reconnaissance and surveillance; (2) other missions = including

satellite survivability; satellite logistics, maintenance, and repair; !
and finally satellite orbital command posts; (3) bio-astronautics;
and (4) general tests or general science.

The approach chosen by the MOL Technical Panel is a variation
of the second approach. Thus the MOL Panel chose to consider those
military missions which are now possible considering the state of the

2
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art, and of interest to the Navy. Each possible experiment needs to
be reviewed critically to determine whether it involves man in an
essential manner; it needs to be reviewed to determine whether it is

of unique Navy interest; it needs to be reviewed to determine whether
it is being done now by unmanned satellites. Table 1 presents a num-
ber of astronautic missions possible in the time period of 1968-1970
end of interest to the Navy. Opposite each of the astronautic missions
there listed may be found an appropriate comment.

Table 1

Astronautic Missions of Naval Interest

Ocean Surveillance ) The SAMOS Program of the AF
has been active since 1961.

Command and Control The STARLIGHT Report recom-
mended space-Oriented command
ships.

General Science NASA hes 0SO, OGO, OAO, &and
Explorer programs under way.

Communications TELSTAR, RELAY, SYNCOM, LOFTTI,
CQOMSAT Programs, etc., are now

T under way.

Electronic Countermeasures Of general interest to all
Services.

ELINT -

Meteorology Present major programs are TIROS,
NIMBUS, and the Operational Weather
Satellite.

Navigation TRANSIT and the ADVANCED TRANSIT

programs are under way.

Bio-astronasutics NASA has & series of six bio-
satellites planned.

(Continued on next page)
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(Continued from previous page)

Orbitel Defense . The DYNASOAR Brogram has been
cancelled for reasons of economy.

Naval Ocean Data Satellites NASA has a program for data collec-
tion satellites under preliminary
study.

Precision Delivery Satellites No Navy mission is now foreseen.

Logistics, Maintenance, --
and Repair of Satellites
Geodesy The ANNA Program exists to fill
this requirement.
Anti-submarine Warfare The state of the art is not
sufficiently far advenced.
* % ¥

The MOL Technical Panel received in all 89 experiment proposals,
or topic ideas, for Navy astronautic systems. The Panel assumed
that astronautics was to be regarded purely as a technology which
could be used to improve the capability of the Navy to operate globally
and maintain control of the seas. With this assumption, it arrived
at the grouping given in Mppendix B for these 89 experiments, and
shown by Figure 1. It will be seen that the two groups receiving
the greatest attention from the MOL Technical Panel members are those
of Ocean Surveillance and General Science.
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Section 1II

Ocean Surveillance

In view of the obvious importance of ocean surveillance to Navy
missions a separate study group consisting of Panel representatives
from the Institute of Naval Studies, the Applied Physics Laboratory,
the Naval Air Development Center, the Naval Research Laboratory, the
Naval Photogrephic Interpretation Center, and the Bureau of Naval
Weapons met at the NRL to develop further this topic. The problem
in ocean surveillance is to survey ships, harbors, and ocean lanes.

It is necessary to detect and classify all vessels found in either
harbors or ocean lanes. The problem is complicated by the fact that
the oceans are vast, that the targets are continuelly on the move, and
thet good data must be obtained to be useful. Tardy, incomplete, and
inaccurate data is of little value. It is obvious that an astronautic
system cannot supply the total requirement but only supplement other
means of maintaining ocean surveillance. It is probably true that

the Navy's problem is not the same as that of the AF or the Army.
Thus, the Navy's problem revolves around keeping track of ships on

a global basis. The targets are relatively large but continually on
the move. Hence, the naval requirement seems to be for a system of
nominal resclution and very wide coverage.

Any consideration of the problem of ocean surveillance must
begin with an understanding of the state of the art for the avail-
able sensors. Table II #ives in summary form the most essential in-
formation with respect to each possible sensor. Some changes may be
required in the final selections. It may be necessary, for example,
that an optical system be procured having a 96"-focal-length lens,
rather than the 48"-focal-length lens given in the table, to secure
the desired resolution of 12' and permit at the same time some degrada-
tion of performance of the camera while in the spacecraft. The best
choice for radar is similarly unsettled at the present time. Two

"possible choices are given: one with a rotating antenna system and

one without. Note that the radar system with the non-rotating antenna
leaves large gaps in the coverage of the earth below the spacecraft.
See Figure 2 for coverage obtained with the simple non-rotating antenna
proposed.

The concept for ocean surveillance developed by the sub-panel is
as follows: there must be advanced detection of all shipping targets
followed by classification by the astronaut, appropriate data process-
ing, and read-out by ground stations.

To perform the function of detection in advance of the satellite
the most promising sensors seemed to be radar, television, and infrared -
in that order. It is desired that this advance detection take place

6

'!ﬁia?



| $T3SSIA ATANI IS AUVLITIN-NON ‘aasind ‘4Hn

NOJV3d

379VTIVAY A73938V1 "dHA NY¥HL 4H

TVYNOLLO3MId

‘HSIQ ,S = ¥O HSIA ,01 9NIG0D — NOILYOONAILNI -
SJAIHS AYVLITIW "¥3AY MOL — JVId MA L — ANvVE 1

INIT3

CEN

LHOITYVLS ‘LHOIN LV
SdIHS A31HOIT #4 ¢4 "71°d,vT S34,001

14,87 ‘3¥NLYILV.CL
WW/L 001 “40SS3D0dd “S3¥,ZL ‘LOL-VD

J

SYOSNIS ‘LYV IHL 40 3LVIS
FONVTHIAYNS NV3IDO

< 919%EL

nd
ie
B e

Al

AL

1VJI11dO

1a

Jvavy

'
3

SiL0C AINr L 3sv3n3
d04 03N0HddY Oy



o il SRR E LRI E R X,
UV J T

1 JULY 2015

RN ‘.,;;'v!vv..m

>GROUND INTERCEPT OF ORBITAL PLANE

DIRECTION
OF
MOTION

A f
o) MoL 4,1,+ uOJ
‘;-J ’@4, a a
Y S » Yq > -‘
x 2 T :
g AT
4 I | 0 |
! >
<& & @
@
P <
e— |40 MILES —»te— |40 MILES —®*
a——— 210 MILES et 210 MILES ————»

8

Figure 2 - Coverage obtained with simple non-rotating radar antenna of Table 2 3
&
L




NRO APPRO

D FOR

RELEASE 1 JRY 2015

éA‘/

ble 2

TSEERELL

as long as one minute in advance of the time when the spacecraft is
over the target on the earth. At the orbital rate of travel of the
spacecraft this corresponds to 250 miles; thus the detection range
for the broadly scanning sensor systems should be approximately 250
miles in advance of the spacecraft. All-weather radar systems having
this capability can be devised. Television and infrared systems can
provide initial detection under favorable conditions where the
weather is clear or clouds are only thin or broken. It is recognized
that optical systems can also perform this function when the weather
is clear or when clouds are thin and broken; but optical systems of
high-resolution, particularly, are not as well adapted for automatic
searching of large areas as is radar.

After the target has been detected the next step involves classi-
fication. Here, provided the weather is clear, & set of binoculars
having variable magnification and directed by the astronaut to the
coordinates indicated by the advance detection means would be used
to find the target. If desired, then, through servo controls, the
high-resolution cameras can be caused to photograph automatically the
target under examination by the astronaut. The pictures would be
used for detailed study on & deferred basis. If the weather is not
favorable, then the astronsut must depend upon Other systems to de-
termine friend from stranger. The directivity of an IFF-type inter-
rogeting device operating from the radar antenna or a separate 5-foot
dish mounted on MOL is good enough to separate ship from ship under
most conditions. The ELINT'glso can provide from coarse to good reso-
lution and separate "friend' from "stranger." The same is true with
respect to ultra-high-frequency beacons carried by friendly merchant

shipping or aircraft.

The third part of the ocean surveillance concept is that automatic
position determination must be provided to the astronsut. This should
record automatically the coordinates of any target selected by the
astronaut. Such a system can be devised depending upon ephemeris
data carried within the orbiting capsule, a gyro-stabilized platform
and means for relating the position of the classification device or
camera with respect to the MOL vehicle attitude. There must be storage
of all classification information provided by the astronaut. It may
involve no more than operation of push buttons. There must be capa-
bility for command read-out of all data stored at such times as when
the MOL capsule is over a friendly ground station desiring such infor-
mation. Finally, there must be means within the data processing for
instructed search to be initiated by ground command and acted upon
by the astronaut. The command for instructed search given by the
ground stations may be stored automatically for delivery to the astro-
naut at the proper time in orbit.

TUSEGREL
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The astronaut may at times be saturated by targets; therefore,
data processing techniques must be employed to reduce this problem.
Automation must be provided wherever possible. High-resolution film
must be used to record the nature and position of selected visible
shipping and harbors and their contents for later study and classifi-
cation by the astronaut. Provisions for directed search and classifica-~
tion alds are needed to limit demands made upon the astronaut. The
several factors involved in the concept of the integration of the
hardware for this experiment are shown in Figure 3.

Figure 4 provides a view of the MOL astronaut engaged in ocean
surveillance using his search or detection equipment to illuminate
areas some 250 miles in advance for detection purposes and using his
optical and other systems for inspection of targets detected.

Three situations have been devised to illustrate the usefulness
of ocean surveillance capabilities which can be provided the Navy
by & manned astronautic system. Figure 5 is the layout for the first
situation vhich illustrates the problem of ocean surveillance with ;
respect to Cuba. There it is required thet an unfriendly country be
kept under surveillance to determine its shipping both in ocean lanes
and in harbors, and the departure ports as well as the terminal ports.
In the performance of this mission the astronaut provides the follow-
ing contributions: (1) he can be selective and look only for certain
kinds of shipping; (2) he cen concentrate on certain areas and spend the
whole of the time he is_in the area of & fixed target (e.g., Havana -
approximately two minutes) in surveillance of thet target alone;
(38 he can filter out a target from & low contrast or noisy background;
(4) he can give rapid response to a command for search, the time
required, if his orbit is over the target, being less than the orbital
period; (5) he can meke optimum choice of the sensors to be used; -
(6) he can optimize performance of the system by providing necessary %
adjustments; (7) he can improve reliability; (8) he can enhance e
accuracy. One further point in favor of man is that our capacity A
as a nation to orbit increasing paylosd, thus enabling man and his 3
necessary environment to be included, seems likely to improve at a o
faster rate in the next ten years than is our capacity to orbit |
reliable, sophisticated systems able to replace man. 3

Situation 2 shown in Figure 6 depicts & condition existing wher
directed search is to be instituted by ground command. In this case
an area of the Sulu See is known to contein four ships in the loca-
tions marked in red in the diagrem. It is also thought to contain
two ships in the general location shown in blue on the diagram. The
problem is to identify these unknown targets and provide their loca-
tion. The instructions to the astronaut can be stored in the date
processing equipment of the vehicle from any ground station over which

10
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the astronaut passes. At the eppropriate time the astronaut will be
given signals from his data storage to inspect the area outlined by
the dotted lines. If he is able to use the optical systems he is
likely to obtain ready classification of the targets. If he is forced
to use all-weather sensors then he can determine whether the unknown
targets are captured by his sensors, whether they are friends or
strangers, and their positions. If he is able to detect no target
but can see the surface areas whose coordinates are given he has pro-
vided information which may help to determine whether or not the un-
known targets are submarines. '

Situation 3 is depicted in figure 7. Here the problem is to
determine the trend in world shipping as & portent for some future
operation of an unfriendly power. The need is to inspect something
1ike twenty ports around the world, e.g., to catalog and count the
ships in ports and in lanes to these ports. The illustration chosen
is that of & northern port where certein lanes may be ice-closed.
With optical equipment in suitable weather the astronaut can survey
with high resolution the harbors and the approaches to the harbors
and classify shipping in these areas. He can also determine which
shipping lanes are open and which are closed by ice. If weather is
unfavorable he can count ships which are in the lanes using equipment
such as radar, IFF, ELINT, and beacons. At night, in favorable
weather, he may obtein a shipping count through the television system.
Here again man gives selectivity or the ability to look for only cer-
tein kinds of information; he gives the ability to concentrate on cer-
tain areas; he gives the capability for optimizing all sensors used;
he gives rapid response; and he can correlate and filter data. In
short, he provides more accurate, more reliable data.

: In Appendix A may be found & more complete development of the
‘3 Ocean Surveillance Mission for MOL. Following & meeting of the sub-
panel on Ocean Surveillance, Dr. R. A. Summers of INS and Dr. Roscoe
Bartlett of APL jointly prepared a report on the over-all concept.
Tris is found in Appendix A as Item 1, "MOL An Investigation in Multi-
Sensor Military Surveillance." APL. A revort on the use of optical
sensors was prepared by of NPIC.(Item 2). This
is supplemented by other material previously prepared at NPIC and
NADC on the problem of ocean surveillance by optical sensors
(Items 3 and 4). The radar sensor was studied by Mr. Irving Page of
NRL (Item 6). Mr. William Lee of NADC had submitted before the time
of the Panel meeting & proposal for surveillance by television (Item 7).
This has not yet been modified to incorporate the concept of advance
scanning ahead of the MOL vehicle. NADC also submitted early & pro-
posal for infrared mepping (Item 8). This, too, has not been modified
to incorporate forward scen. Mr. Samuel Hubbard of the Bureau of
Naval Weapons studied the question of surveillance by ELINT and
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submitted an experiment (Item 9). The use of IFF for sensors was looked
into quickly by Mr. C. V. Parker of NRL (Item 10). A very brief pro-
posal for a beacon experiment was submitted by NADC (Item 11). On

the urgent time scale followed in the preparation of this report little
more could be done to reduce inconsistencies and provide a complete
definition of the integrated plan for the Ocean Surveillance experiment.

Table 3 is a preliminary estimate of the total cost to fund an
ocean surveillance experiment on means for satisfying the naval mission
requirements. In summary, it is a system utilizing radar, optical,
television, infrared, ELINT, IFF, and beacon-type sensors. None of
these sensors alone can do the job. All of these sensors used intelli-
gently together can obtain great amounts of valuable information.

An estimate of the over-all weight of hardware for the ocean sur-
veillance experiment is included in Table L,

Table L

Weight Estimates for Ocean Surveillance Experiments

Component Weight
Integration and Data Processing 350 1b
Redar 1,500 1b
Optical Sensors. - 4 800 1b
Television 150 1v
Infrared 150 1b
IFF 25 1b
ELINT 200 1b
Beacon 25 1b

3,200 1b *

*This is a preliminary estimate only.

included.

¥* * *

Weight for
primary power and gyro-stabilization is not

There are a number of elements of the proposed ocean surveillance
system which require further study. For example, it is necessary
to determine whether the radar antenna can be a rotating one as is

18
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preferred or whether it must be fixed to avoid disturbing the optical
system. Secondly, it is necessary to determine whether the radar
antenna can provide the multiple usage capability required by the
IFF, the ELINT, the beacon, and the radar systems. It may be neces-
sary to provide a second antenna (perhaps & 5-foot aperture dish)
for use by the IFF, the ELINT, and the beacon systems to classify
the targets. Thirdly, it is necessary to determine how the optical
cameras can be made adequately directive. (It is considered that
an essential element of this system is that the camera should be
quite flexible in its ability to be trained upon any point on the
earth within 250 miles or so of the astronaut.) A fourth question
has to do with the need for a cemera of focal length of 98".

(The 48"-focal-length cemera will give the required resolution only
if it is operating at its meximum effectiveness. To allow for some
degradation of performence it may be necessary to use 98"-focal-
length optics.) The camera aperture may need to be increased from
12 to 18 inches. Schedules are yet to be determined. Much more
accurate cost data are required. The many interfaces between the
various sensors must be thoroughly exemined and properly related
one to another. Also, it is necessary to determine the cost in
effectiveness which will ensue to the over-all experiment if certain
portions must be omitted for one reason Or another.

19
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Section III

Command and Control

In the specific area of Command and Control the Technical Panel
received no experiment proposals of note. This is an unsatisfactory
situation because there is a problem which exists in this area. The
STARLIGHT Study (reference [c]) in particular recommended that the
Navy develop space-oriented commend ships. The obvious technicel re-
quirements for command and control posts, whether in space or on ship-
board, include data sensors and processors, means for communication,
means for presentation of information, and means for storage and response
to direction and command. The hardware already envisioned for the MOL
vehicle to perform the Navy ocean surveillance mission can take care
of surveillance, data processing, and communication functions envisaged
for the command and control function, and therefore will support the
Command and Control mission. However, no suggestions with respect
to specific experiments in command and control are provided herein.

It is suggested that sponsors be sought within the Navy to develcp
a sultable command and control experiment.

20

S ttutui it e




RO APPRG e

RELEASE 1 J@LY 2015

t

AR, cnppratiuc s A, vt

Section IV

Communications

There is much work under way on unmanned space communication
experiments. There is still a place for special experiments,
however. The Navy has a wide interest in global communications,
hence the Technical Panel accepted a communications experiment propos-
ing further work in: VLF, ELF, and HF areas. This experiment will
check out the efficiency of global communication to & spacecraft on

p- H
; the opposite side of the earth from & ground station using VLF.
otonse i It proposes further to measure antenna impedances and propagation
oL b characteristics within the frequency ranges listed. Man can be
i very useful in tuning and adjusting the equipment to optimize the
ged E performance of the experiment and enhance its reliability and

Figure 8 provides a summary of the factors involved in
e communication experiment. Sponsors for the proposed experiment
include the NRL and NADC. A proposal prepared by NRL (Item 12)
as a part of the LOFTI progrem is included in Appendix A.

accuracy.

21
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Section VI

ELINT

In the area of the ELINT mission man cen provide selectivity
to examine signals which appear to be of most interest; he can fil-
ter out noise; he can provide better accuracy, and better reliebility;
end he can provide correlation of data in-put with respect to other
information. Furthermore, the manned astronautic vehicle is the only
manned vehicle now available for passage over foreign territory.
It therefore enables the development of capability for selective,
tactical, ELINT analysis which appears to be promising during the 1968~
1970 period. This is particularly so in view of the fact that man's
capability to lsunch larger payloads is presently increasing faster
then is his capability to launch highly relisble adequately sophisti-
cated unmanned systems to obtain some kinds of information which is
desired. At least four Navy laboratories could be selected as spon-
sors for a selective, tactical ELINT analysis project. These include
the NRL, the NADC, the NMC, and the NOL (White Oak). Costs of the
hardwsre needed for performing the experiment are included in the
estimates for the ocean surveillance system; however, some additional
funding may be required to cover costs of the sponsoring activity
for this particular experimental area. A summary of the factors
considered in the ELINT problem is given in Figure 10. Mr. Samuel
Hubbard, BUWEPS, has prepared & study of the ELINT problem, Appendix A,

Item 15 . . -

25
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Section VII

Bio-astronautics

In the mission area of Bio-astronautics there are several fac-
tors to be considered. In the first place NASA has planned the launch-
ing of a series of at least six 1,000-pound bio-satellites. These
are to be orbited for periods extending from 3 to 30 days. It is
also to be remembered that the directives for the MOL program state
that work in the area of bio-astronautics is not to be overdone.

Hence, the Panel considered that only those experiments should be
considered for naval participation in which the Navy can make some
unique contribution or has some special reason for performing the

experiment.

The summary included in Figure 11 shows that only three experiments

were selected in the bio-astronautics area. The first one of these
(see Appendix A, Item 16) is an extension of Project ARGUS in which
the Navy has been making at the Naval Medical Research Institute an
extended study of the capabilities of man to exist in small parties
of from 2 to 15 in number for extended periods of time in deeply
submerged vehicles which are completely cut off from mankind. In
such a vehicle man encounters many environmentel conditions which are
like those in space. Therefore, it is considered that the Navy can
make a considerable contribution to the national effort by relating
and extending its ARGUS stmedies to the MOL system. In the case of the
remaining two experiments on nuclear radiation monitors proposed

by the Naval Radiological Defense Laboratory (see Appendix A, Items
17 and 18), 1t is considered advisable that these be included in the
MOL vehicle because NRDL has certain advisory responsibilities to
DOD which require it to obtain first-hand information on the space
environment encountered by man. Also, in the case of the heavy-
particle dosimeter experiment proposed by NRDL (Item 17, Appendix A)
recovery of records is necessary for further study.

27
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Section VIII

General Science

The Navy has much capability in the area of General Science,
and consequently the Panel had many experiments to review. Those
ultimately selected are thought to have potential military value.
Considered first were experiments that are related to the MOL
vehicle and deal with space and plasme physics. For example, the
proposal of the NRL to study plasma surrounding the MCL vehicle
by scatter of RF energy is indluded (Appendix A, Item 19). Similarly,
the proposal to study by the use of probe techniques the density
and temperature of electrons within this plasma was included
(Appendix A, Item 20). The far-UV orthicon (Appendix A, Item 14)
was included because of its military mission interest, its need for
manned operation, and the inherent value of background information
with respect to UV radiation in near-earth space vehicles. The
airglow horizon photography (Appendix A, Item 21) was selected as
being of value because the airglow is a major phenomens encountered
by any optical sensor operating near the earth, and horizon sensors

are of considerable interest.

Of long-range interest is the cosmic radiation coming in to
earth and its direction of origin. This would be studied in one of
the experiments recommended, (Appendix A, Item 22). Also, of interest
is information on the white light corona about the sun and possible
sky surveillance of the area near the sun (Appendix A, Item 23).

The airglow spectroscopy made possible in the MOL vehicle is also
considered to be a valuable experiment (Appendix A, Item 2h).

Finally, photography of the solar planets and of the geology of the
earth using the camera planned for ocean surveillance from the MOL
vehicle is worthwhile. (It is true, however, that the camera proposed
+ill be only marginally effective for use in photography of the

tlanets.)

A much more complete study of the Navy proposals in General
Science has been prepared by Dr. William Faust of NRL (Appendix A,

Item 25).

29
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Section IX

Summary

A preliminary report of the MOL Technical Panel has been
prepared for submission to the Bureau of Naval Weapons as requested.
In all, the Panel received eighty-nine proposals or ideas for
experiments. From these were selected those experiments to be pro-
posed for the MOL program. The number of experiments submitted in
each area, the number recommended for support by the Navy, end the
preliminary estimates of costs for these experiments are given in

Table 5.

Major interfaces between these experiments exist on data
management, structural arrangements, vehicle stabilization and con-
trol, position determination, communications, etc. These require

further study.

The experiments proposed are within the state of the art and
can be orbited in the 1968-1970 time period. They are also well
within the payload capability of the MOL vehicle. :

Inclusion in the MOL program of experiments described here and
intended to study means for improving the performance of naval
missions is highly recommended.

. “Table 5

Over-all Summary of Experiments Recommended for MOL

Experiments Costs (Millions)
Mission Ares Reviewed Recommended FY '65 Total

_++v" Ocean Surveillance 26 .1 (8 parts) $2.75 $39.25

Command and Control 2 ? ?
+ Communications < -\ 3 1" E 0.60 2.0
ELINT 4 1 ¢ Included(?) Inclﬁded(?)
Bio-astronautics 14 3 . Eiij 0.30 3.25
General Science 35 10 & s-22 Q.70 6.85
89 - $56.00M* $59.00M*

*Preliminary estimates only. Not for budget purposes.
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MANNED OCEAN SURVEILLANCE SATELLITE SYSTEM

The Johns Mopkine University

aPPLIED PHNYSIDS LASORATORY
Sidver Soring, Marylend

A. INTRODUCTION

There are a number of sensors which might be used in

satellite reconnaissance and surveillance. In many applications

the sensors could be operated from an unmanned satellite and the

information telemetered for ground interpretation and use. There

are obvious limitations to such unmanned systems. The problem,

then, for MOL is to provide an overall sybtem 'in a manned satellite

which in terms of economy and usefulness is superior to the use of

a collection of unmanned systems. It is envisioned that this system

should complement and not supplant other ground and aircraft surveil-

lance systems now in use (Frontispiece). Study may show, however,

that some of the data acquisition and interpretation techniques now
employed might be better accomplished with a manned space station.
The intent in the following presentation is not to define the
ultimate or even the prototype manned military space station but
rather to define an experimental Manned Orbital Laboratory which

will be used for conduct of those experiments necessary for a defini-

tion of the prototype manned military space station.

The mdst obvious use of a manned military space station is
the surveillance of the earth for targets of military interest. This

surveillance requires at least two separate procedures; acquisition
and identification. To scan a meaningful percentage of the possible
earth surface viewable from the satellite will réquire relatively

low resolution devices. Once a potential target is acquired by one
or more of the scan sensors it must then be fixed by the high resolu-
tion sensors for identification. To accomplish this fix, of course,
will require either that the high resolution sensors be slaved to:the
low resolution sensors or that the coordinate position of the potential
target be known from the acquisition by the scan sensors and the
identification sensors be trained to the directed position. The
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method used will depend on whether one astronaut accomplishes both
surveillance and identification or whether the two tasks are
accomplished separately by a two man team. To accomplish identi-
fication it may be useful to provide a target image memory,. as by

photography for instance.

Even should one man perform both surveillance and search,
it will yet be necessary to provide a capability for target coordi-
nate position determination so that meaningful use can be made of the
acquisition and identification data. To accomplish this will require
the possession of at least two and perhaps three types of information.
It will certainly be necessary to know precisely the orbital parameter
This can be accomplished by tracking and orbit prediction and storage
of the predicted orbital parameters aboard the spacecraft. In additic
it will be necessary to know the inertial coordinatés of the sensors.§
This might be accomplished by tying the sensors directly to an inerti;
platform where inertial coordinates are obtained from tracking known
reference objects (stars, sun, horizon, etc.) orbital data and comput
tions. It may, hoygzgr, be necessary to physically separate the
sensors from the inertial platform so that the inertial orientation o
the spacecraft would be determined from one or more of the means for
inertial coordinate reference location and the pointing angle of the
sensors with the spacecraft also provided for computer use. The
computer would define the scan center in earth based map coordinates

- from the stored orbital parameters referenced against the inertial

platform.

In addition, the information will be maximally useful to
the astronaut by providing a visual display of the earth based coordi;
nate position of the target either continually or on command, The
computer, of course, would have such information continually availabl

on a real time basis.
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The essential information must on command be telemetered
to the ground. To reduce the telemetry requirements it might be
well to do some initial data processing aboard the spacecraft.

It is, of course, impossible at this time to define the

desired military space station configuration. The experiments

conducted on MOL should provide the necessary information for the
detailed definition of the prototype military space station.

B. ORBIT

To provide more uniform coverage if the swath width does
not give contiguous coverage at the equator, the period of the orbit
should be chosen so that it is not near an exact submultiple of the
earth's ratation period. In the range of altitudes considered
(125-250 n.m.) there is one synchronous period of 96 minutes corres-
pondong to a mean orbital altitude of about 185 miles. Most uniform
coverage will be obtained with orbital altitudes either near the

minimum 125 n.m. or the maximum 250 n.m.

Since this first Laboratory experiment is not the opera-
tional system, it is not desired that complete contiguous coverage

be obtained in each 24 hour period.

Further since the results obtained at a given altitude are
easily scaled for another altitude, it will be expedient to choose
the lowest orbit which will meet the task testing needs. This would

seem to obviously dictate the range of 120 to 150 miles.
C. SENSORS

1. Acquisition

The purpose of the sensors is to present to the man as
much information of the earth's surface as possible, limited both by
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the ability of the instrumentation available and the ability of the
man to assimilate these data. The sensors should include a small
low resolution radar whose purpose is to locate the larger objects
on the ocean, especially under cloudy conditionms. Without cloud '
cover the most effective instrumentation will be visual.

It is expected that a significant part of the target
acquisition phase may be accomplished with the naked eye. However,
there may be some advantage in having a low-powered binoculars at
about- three times magnification to assist in this process. There
may be some merit in extending the spectral range of sensitivity of
the observer by having an infrared sensitive viewing device. For
the dark side of the earth a sensitive television camera or image
intensifier may provide useful data.

The acquisition process in a dense target region
will be enhanced if the observer has an ability to check off the
targets in turn. In addition to a cursor which he may present in
superposition to tle* scene which he uses to center on each target
to store its location in the memory, when so located there should
appear a superposed marker provided from the computer and memory
which will stay locked on that target's geographic coordinates
independent of the motion of the telescope. His attention is thus
more easily directed to the remaining targets and his speed will be
significantly improved. '

There is another kind of visual signal which might be
useful. If the ground CIC is interested in certain ships, or suspects
certain locations, or can produce predicted locations of 1ntérestingf
objects, then this information can be inserted in the memory through
the ground command station. The observers can evaluate and update
these targets. This mode of operation may be the only practical way?
to perform the land surveillance, with two observers using separaterg
high power telescopes to provide the necessary resolution. For both.
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land and ocean surveillance telescopes pointing position is slaved
to the computer and programmed through the priority queues.

2. Classification and Identification

Identification instrumentation will be primarily a

high magnification optic system. Assuming that the acquisition

process has identified the location of objects, the only limitation
on magnification used will be governed by the ability to mount and

launch a large optical system,

The ocean identification problem can probably be
solved quite adequately with an optical aperture of about 8" giving
a resolution of about 12 ft. with a slant range of 700 miles (see
I1f a higher resolution were desired to make the device

Figure 1),
useful for observation of ground targets, for instance, a | ——_.

When one considers the problem of slew-

ing speeds the very great problem of providing a mounting platform
sufficiently free of vibration, larger aperture optical devices
become unattractive for these early experimental missions. Even a

24" telescope may impose overly stringent engineering requirements.
In addition to direct visual identification processes, there may be
advantages to photographing certain regions to be identified 1atér.

This may be especially important in regions of the North Atlantic

wvhere the traffic density is high. Both of these visual and photo-

graphic processes may be augmented by extending their spectral sensi-

tivity at least to the near infrared.
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Under cloud cover some additional information may be
gained from direction finding, spectral, and time pattern measure-
ments of electromagnetic radiations from ships. The EM frequency
spectrum extending from 100 kc to 100 kmc might be continuously
monitored by panoramic receivers. Continuous recording of the
receiver outputs on multitrack magnetic tape should be provided
in addition to visual display. An alarm system would indicate to
the operator which parts of the spectrum show unusual activity or
when éelected frequencies become active.

These receivers would normally be connected to omni-
directional antennas. Provision should be made for direction finding
by changing over to fixed spaced antennas at the lower frequencies
and rotating directional antennas at the higher frequencies.

The receivers should also have provision for more
sensitive examination of specific parts of the spectrum, with alter-
native demodulation, display, and recording facilities to permit
detailed analysis of the signal structure, identification of purpose
of the transmission, and possibly decoding.

To cover the spectrum from 100 kc to 100 kmc would
require about 10 receivers; the total weight including displays,
recording, etc., might be about 200 1bs. The weight of 10 omni-
antennas and 10 direction-finding antennas might run to about 100
pounds. The power consumption should not exceed 200 watts.

3. Minimal Optics for Ocean Surveillance

At an orbital altitude of 150 n.m. a good eye will hav
a resolution of about 200 ft. at the nadir (see Figure 1). If the
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maximum field coverage is t45° from this, the maximum slant range ;
is about 200 n.m. and the eye resolution drops to about 300 ft,

The complete swath is then 300 n.m. in width and at :
the orbital speed of about 4 n.m/sec. the area scan rate is 1200 i
n.m.z/sec. This is equivalent to a square patch of about 35 n.m. on{§
a side, which presents a field of view of about 13° on a side. If !
this patch is magnified in a low power wide field telescope (about %
the practical 1limit) the magnification will be 4.5 This calculation;
presumes that this telescope (or binocular) is mechanically scanned E
to dwell on this patch area effectively for one second, and that the%
preset program of scanning provides complete coverage of the full ;
swath without significant overlap or holes.

6

With a 4.5 magnification the resolution at slant rangi
becomes about 70 ft. which tends to enhance the ability to acquire
even small ships.

In fact this resolution may allow the acquisition
operation to include a coarse identification. This will be especia
useful in a high target density region since the coarse identificat}L
can then be used to provide a priority selection in the targest-to-gf

identified queues.

The acquisition operation is envisaged as a pointing ]
operation.. The observer superposes a reticule image on the scene 2_
and moves it into coincidence with the object and then operates a
button which stores this targets' geographic coordinate in a memory;
This operation may include very brief identification symbology (e.8f
big, fast, SE course). ‘ |

The identification phase may best be done as a separd
operation. The memory store feeds the objects to be identified to f
second observer on his command. He has a higher power telescope '1

A8




range
ft,

and at
1200
n.m., o
e. 1If
(about

culation{g

R e i YSRGS ARSI s sty A

scanned
that the
full

ant rangy
zquire

3
tion '?.

aspecialf

cificatiglf
:st-to-bil

:
{

!
o}

)1nting_ﬁ
scene
-es a
memorygﬁ

3y (e.g. &

t separd?
ed to ti
:ope witlf

Ls e i

geadbi e
C st m—

TSECRET_

The Johns Hopking University
APPLIED PHYSICS LASORATORY
Silver Spring, Maryland

resolution capabilities to meet his needs. If the resolution re-

quired on the scene is 12 ft. at the oblique view then this may be
met with a telescope aperture of about 2.5 inches. The eyepiece
choice which preserves best light will then give a magnification of
25 so that the field of view is 60/25 or about 2.4° which corresponds

to approximately 50 K ft. at a slant range of 200 n.m, This field of

‘view is more than sufficient to give good centering of the potential

target.

The job of the identification process is one which
will profit from well disciplined training. The observer must be
well conditioned so that the recognition process in the required

output terminology is automatic and fast. It is envisioned that he

controls centering to provide more accurate coordinate measures and
then without removing his eyes from the scene taps keys (as in a

stenotype) to characterize the target. When this is complete, he

then signals for the nextnjarget in the waiting list and repeats.

Acoustic signals from the computer can alert this
observer to the need for greater speed when the queue length starts
to build up too fast, but at the saturation density of the man
there should be deletions from the queue to preserve only the more
important targets as programmed by size, location, position with
respect to the sdtellite, or best viewing region.

D.  COORDINATE TRANSFORMATION AND PRESENTATION

The information obtained from the several sensors is oniy
complete if the position of the object can be defined as well. It
“ould interrupt the human and decrease his effectiveness in continuing
"1s search if he had to perform a complicated task of manipulation or
Computation in order to name the position of each interesting object

he¢ sees. Rather, this coordinate measurement job should be
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accomplished by automatic means so that as he centers his optics on
an object, a push of a button will provide the coordinates of that

object.

The implementation of this scheme will require that a ,
platform on the vehicle be oriented in a coordinate system. The :
most accurate reference will be an array of star trackers. It will
be sufficient to have two approximately orthogonal stars being
tracked simultaneously. Because these may, in the course of time,
be shadowed by the earth or moon, or blinded by sunlight, earth-
shine or moonshine, there will need be about 6 star trackers. It
would be wise for reasons or reliability to provide some alternate
references. These may include, horizon trackers, sun tracker, moon
tracker, X, Y, Z magnetometers, drift sight, gyro compass, RF array
referenced to ground station (Cubic Corp.). The pointing direction
of the telescope with respect to this inertial platform needs to be
known and if time and orbital parameters are known, the complete
geometric relations are q§fined;. To complete the system, a real-time
digital computer can correlate these data to provide the desired
coordinate information. This, of course, can be done for each of
several telescopes that may be in use.

This computer is the heart of the system. It should be
able to provide the present satellite position coordinates from
orbital elements or from interpolation of an ephemeris provided
from the ground. Then, referenced against the inertial platform,
it must solve some simple geometry to.define the scene center in
earth based map coordinates. This would seem to require a modest fﬂ
unit of possibly a cubic foot volume. ‘ ;

It would be useful to the crew to provide a direct analogue X’
display of satellite position with respect to a globe of the earth. :
The data necessary would be available from the computer.
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E. DATA OUTPUT AND COMMUNICATIONS

. Communications of several types will be required in the
MOL program. Obviously there must be means by which the astronauts
discuss problems related to their well being and logistics with
appropriate earth surface station. It will also be necessary to relay
particular information resulting from the surveillance operations

and other technical experiments carried aboard. It is desired here

to discuss the apparent requirement of the latter and more particularly

those involving ocean surveillance.

In order to transmit information gathered over a period of
time from perhaps as many as two orbital passes it would appear to
be mandatory to provide a storage capability and to encode the infor-
mation in digital or similar manner. Retrieval of the stored informa-
tion should be accomplished by ground command and rapid readout
capability. It should not be a requirement that the astronaut be
responsible for initiating such transmissions of information. It
may be desirable to ale‘é%ntinudusly transmit such information in
real time for use by friendly vessels and stations to gain an apprecia-
tion of the immediate local scene. Voice communication should be
reserved for indicating changes in the operating modes and procedures
which are of interest from the system planning standpoint.

Communications between the astronaut operations relative to
target surveillance should be in the form of symbolic visual displays
to the greatest extent possible. These should be either superimposed
on the field of view of the device being used or conveniently located
at the side so as to require the minimum of eye motion. It will likely
be necessary to supplement this with voice communication, but it would
appear desirable to minimize this in any way possible since it is
relatively inefficient and should be reserved for unplanned and/or

emergency procedures.
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1. Flexibility

One purpose of the MOL flights will be to discover
the most effective ways to conduct the mission and to this end it
will be necessary to try various approaches to the problem. Some
of these various methods can be determined ahead of time and planned
for, but it will be most likely that some new approach requiring a
new arrangement of the instrumentation may arise after launch and
there needs, therefore, to be a sort of a building block approach
to the whole instrumentation arrangement so that the instruments
may be used in various combinations.

F. EXPERIMENTAL PLANNING i

PR e

[

Parts of acquisition and identification tasks will be ¥
assisted by what amounts to automatic programming provided by the
computer. It is obvious, then, that we may need to reprogram this
automatic control as the task organization changes. Since the
essence of this whqlg‘experiment is to optimize the task performance ﬁ
of the man--machine system we may need to change the nature of the
data presentation to the man's sensors. Some of this can be planned,?
but again, the man may need to "rebuild" parts of this instrumentatio;§

2. Objectives

Ground based simulation  experiments can lead to vario :
combinations of operational methods to be experimented with. There !
are two distinctly different methods obvious at this writing which a&
need to be exploited. One method of organizing, the task may be to |
have the astronaut cover assigned sub-track swaths independent of
each other, and another task organization may be to assign one man ;
to provide the acquisition function, designating in geographic i
coordinates the potential targets, as his sole job. The second man{:L.
would then examine these designated positions in turn with greater‘%;
magnification to perform the identification. The efficiency of the;j
whole operation can be improved if we have more detailed measures 0??

the tasks involved.

K
4! ~
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Analogous to the time and motion study we need to
gather data about many kinds of tasks. In the acquisition we will
need to know the precision of target coordinate measure. We need:
to know the statistical measure of the ability to locate and identify
various kind of targets with varying illumination, sea state, etc.,
conditions. Related to these tasks is the question of symbolization
or language that needs to be used to efficiently and concisely conmpile
the results of the acquisition and identification.

‘ In general, there will be limitations in behavior of
both the instrumentation and the man. A sensible system will only
arise from a measure of these parameters in orbit. The task of this
satellite system will have to be performed under the enviromnmental
conditions that are found to exist. For instance, there will be a
certain number of ships that must be located on a given pass. They
are there. The illumination may vary from high contrast to low con-
trast and cannot be changed. The preqbure to have complete, or
nearly complete,;coveragg'afquireg that a large area be searched in

a given time.

The sun may be in a favorable location or it may not.
The sea stafé will vary in many ways. When it is smooth enough,
ships wakes may stand out élearly. The most perturbing thing will
be intermittent cloud cover. Some of these problems can be simulated
in a ground experiment. 1In fact, it will be essential to try to be as
realistic as possible in this preliminary ground experiment. Many of
the questions which we are unable to answer at the present will be
answered through these preliminary experiments,

G. SPACECRAFT ORGANIZATION

1, Characteristics and Stabilization

The nature of the equipment and their use dictate some
features of spacecraft design. It is assumed that the general .launch
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configuration of the MOL will be determined by mating requirements j
with the Titan III booster and the modified Gemini capsule. The :
suggested orbitél configuration briefly described here then would
be erected after injection into orbit. '

It seems clear that the spacecraft should always
present the same face to the earth to avoid excessive complication
in equipment design. Since high resolution sensors will demand a
very stable platform to optimize observation and recognition, it
would be desirable to provide the overall spacecraft with as high
a moment of inertia as possible about each axis of rotation. In
addition to keeping the same face of the satellite facing the
earth it would also be desirable to know the alignment of the major
satellite axis with the orbital path. Many of these requirements
can be simply achieved with a gravity gradient stabilized satellite
asymmetrical about the Z axis. This would assure one face 6f the-
satellite to continyally face the earth, would align the major axis
of the satellite body drthogonal to the Z axis in the plane of the
orbit, would markedly increase the moments of inertia, thus providing:
a more stable platform and would much reduce the weight and power
penalty required for stabilization as compared to an active system.

It may also be attractive to make use of active systemsg

to act as vernier devices to correct for small perturbations to the

angular rate of the spacecraft. A combination of rate sensing and
the controlled ejection of by-products of the life support system
may provide an inexpensive scheme for accomplishing this. Active
systems, including inertia wheels could, of course, be used for

spacecraft alignment for deorbiting and other special maneuver by
simply overriding the gravity gradient torques.

2, Power Supply

Y .
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high level of reliability and flexibility should be guide lines in

the power system design. While it is not felt desirable to specify

he 19 the particular method of energy conversion at this point, considera-
i

2nts

a1d : tion of use of features of the life support system may be found to

'é be attractive.
S f‘ The requirements of the electronic devices associated
tion 'i' with the ocean surveillance experiment may approach a value of 10
da - kilowatts peak and perhaps 2 kilowatts average. This, combined with
it z the balance of the MOL power needs would suggest the use of fuel
igh - cells or rotating machinery, for a mission of a few weeks duration.

In 1? For an extended mission consideration may be given to a nuclear power

= source. An independent 1low level, emergency back up power source

major W will, of course, be a requirement.

nts ;

llite § H. GROUND STATIONS

the:

axis While it is possible that certain information of interest
the ,él to the ocean surveillanqe‘fxperiment may be transmitted to the net-
oviding 8 work of ground stations deployed about the earth for monitoring the
wer ; astronauts' well being, the majority of information of interest to
stem. ":?_ the ocean surveillance experiment should be relayed to one or two

: ground stations equipped primarily for that purpose., Such a station(s)

systemsf s should have the ability to command the rapid read out storage device
o the :g abcard MOL, to reduce and/or distribute such information in the

and : ] desired manner and to inject any orders in the form of a coded message
tem ] into the spacecraft. The latter could include a request for observa-
ive ;  tion of targets of known geographical position during subsequent

r 4 orbital passes. These stations must also have a voice communication
by ‘ Ccapability so as to receive and transmit information of a non-roufine

- or unplanned nature.
] As was mentioned in a previous section, it may be desirable

jesigned ' ' continuously transmit information in real time to furnish friendly
v that a¥ Users an appreciation of the local scene on an immediate basis. If
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this is desired, a receiving and data reduction device of a some- ;
what simpler character than that at the primary station would be ?!
provided. Such an instrument may be practical for reasonable sized
vessels and aircraft having special interests. No transmitting
ability wculd appear to be reduired for such an installation.

I. CONCLUSION

To physiologically support man in space for protracted
periods of time will be extremely expensive and the expense will
be further increased by his psychologic support demanding short
duty cycle and long terrestrial furloughs. A manned military mis-
sion is justified, then, only when the objectives can be met more
economically and in a more timely fashion than they could with un-
manned systems. One must inquire, therefore, for those functions
whose performance by the human represents a degree of excellence
presumably not attainable competitively by unmanned systems. The
unique human power of inquisition, observation, synthetic appraisal,
judgment based on a lehrned art as well as on objective parameters,
the dynamic range of the human sensors.and the data correlation and
rejection capability of the human brain offer an overall system
performance that does not appear to be attainable with unmanned
systems. For vision alone, for instance, the telemetry of the
‘necessary fidelity would require a telemetry capability an order
' «f magnitude greéter than that projectéd as being available in the
next five years. When color vision requirements are added the f
telemetry task increases twofold. Earth reconnaissance and surveil—f
lance, particularly cver the ocean, may well be accomplished in a f
superior fashion by a manned military space station as compared to
unmanned systems. The MOL series of experiments should provide the %;
necessary information for making a definitive analysis of the rela-i;
tive effectiveness and economies. ¥
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APPENDIX A

MOL STABILIZATION SYSTEM

After an appraisal of competative systems it appears that there
would be considerable advantage in providing the MOL with gravity gradient
attitude stabilization.

A conceptual scheme for a boom/vehicle arrangement is shown in

A 200 foot long extendible boom of approximately 4 inch diameter

Figure 1.
Most of the 320 1lbs.

would be used with an end mass of approximately 320 lbs.

could be in the form of a damper possibly of the type that has recently been

used by the General Electric Company on an NRL satellite. The boom would have

3 or 4 layers of 15 mil thick beryllium copper tubing. Booms of this type

have already been developed for spacecraft applications by the DeHavilland

Aircraft of Canada, Ltd. If we take a set of coordinate axes for the space-

craft such that the X axis is in the direction of motion of the spacecraft,
the Z axis is along the ‘exfendible boom, and the Y axis direction is taken
to form an orthogonal set, then for this configuration the approximate

moments of inertia will be given as follows:

1= 40,000 slug-feet?

Iy = 50,000 slug-feet2
1, = 10,000 slug-feet’

These moments of inertia are sufficient to give an adequately large
restoring torque under the forces of the earth's gravity gradient. Further-
more, by having I # I>>I we not only get a restoring torque in the verti-
cal direction, but we get an additional torque which will cause the long axis

of the spacecraft to be aligned in the plane of the orbit. The magnitude of
The magnitude

These

the maximum torque in the vertical direction is 0.72 inch 1lbs.
of the touque contr2:llirg yaw motion of the satellite is .06 inch lbs.
should be appreciably larger than any other perturbing force on the satellite,
with the possible exception of aerodynamic forces which could be made to

supplement these restoring torques.
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One problem that.might be encountered is due to motions of the men
within the MOL. A fair approximation for a 150 1b. man is that he has a
moment of inertia about his center of gravity of 20 slug-feetz. Should the
man do a maneuver in which he turned 180 degrees, the ratio of his moment
of inertia to the spacecraft's moment of inertia is so small that this would
cause a motion of the spacecraft of something less than 0.1 degree.

It would probably be advisable to provide the MOL with some cold
gas jet system for additional attitude control. However, the provision of
3'axis gravity gradient stabilization system would drastically reduce the
demands on the cold gas jet attitude control devices.

The telescope for ground surveillance must however be mounted on a
gyro stabilized platform. This is because even a 0.1 degree rotation of the
spacecraft will cause an apparent motion of oomeching being obgerved on the
earth surface that is well beyond the resolution that is desired for this

system.

A-20
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APPLICATIONS OF THE CORNUCOPIA CONCEPT TO MOL

Cornucopia is the name given to a novel congept for extending
the utility of storable rocket propellants to include life support
and other essential services in the space environment. Initial
feasibility studies, heretofore unreported in the literature, have
recently been conducted by The Johns Hopkins University, Applied
Physics Laboratory under the sponsorship of the U. S. Bureau of
Naval Weapons. The potential applications to MOL appear particularly

attractive.

[astinroucattp et

[RESESENGD-4 Svioviin: IR

Most of the presently contemplated manned space missions
involve some impulsive maneuvers by the inhabited vehicle, typically
calling for the variable impulse and'multipie restart capabilities
of liquid chemcial rockets. This could apply to the initial MOL,
which may require small thrust producers for attitude control or -
station keeping purposes. It will certainly apply to follow-on
missions that call fof ;éndeZVdus,docking, and other maneuvers -
associated with periodic re-supply and crew transfer. It appears '
that such missions will call for earth-storable propellants and a
two-gas cabin atmosphere, but might not justify a fully regenerative
life support system or a nuclear power source. Such cases represent
a considerable qhantity and variety of vital fluids, including the ‘
liquid bi-propellants, potable water, atmospheric oxygen and nitrogen,f
any necessary coolants, and whatever reactants might be needed for 3
electrical power generation. This tends to create a formidable
over-storage problem, since the supply of each separately stored
fluid must include some individually determined margin for uncertainty
or emergency reserve. Also, the inherent inefficiencies of multiple
tankage incur additional penalties in hardware weight, volume and i
complexity. Clearly, a substantial consolidation of on-board fluid a
storage requirements can pay off handsomely in terms of system

performance and habitability. 3. -

A-22 ¥
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An extremely promising approach involves the use of
hydrazine and hydrogen peroxide as a storable bi-propellant
combination. Egually promising in certain applications is the
hydrazine/nitrogen tetroxide system. The suitability and attrac-
tiveness of these liquids for space propulsion and attitude control
is well documented, but more exciting is the abundance of poten-
tially useful products from their oxidizer-rich combustion in a gas
generator. Always present are interestingly large quantities of
potable water, plus gaseous oxygen and nitrogen in virtually any
desired proportion, depending on the selected mixture ratio. The
released heat and kinetic energy are available for electrical
power generation, thermal management, and a variety of mechanical
functions. Figure 1 illustrates the foregoing in a representative
block diagram, while Figures:2 through 5 plot the basic chemical
and thermochemical relationships from which estimates of performance

in specific areas may be derived.

Figure 6 schematically depicts one scheme for the genera-
tion and control of a two-gas cabin atmosphere in zero gravity, while
Figures 7 and 8 indicate the mixture ratios required to maintain
various atmospheric compositions under widely varying conditions of
overboard leakage. Figure 9 presents the corresponding requirements
for total reactant flow rate. Figures 10 and 11 similarly plot the
generation rates of by-product water and thermal energy. A possible
side process of thermal management is suggested in Figure 12 and
Figure 13 illustrates a method of extracting electrical power via
turbomachinery. The tabulated data in Figures 14 and 15, coupled
w¥ith a fair assurance of subsequent shifting equilibria, attest to
Physiologically acceptable concentrations of combustion-generated

Impurities.

Particularly worthwhile in the MOL application would be
the substantial atmospheric flush rates that accompany power genera-
tion. These high rates would effectively solve the otherwise critical

A:23
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problem of contaminant build-up at no extra cost in weight or
complexity. They would also provide a free source of additional
low thrust (from the expelled atmosphere) that could conveniently
be directed for attitude control or station keeping purposes.

Another intriguing opportunity involves the integration
of space station fluid usage with that of the shuttle vehicle. It
appears quite reasonable and attractive to visualize the unburned
reserve propellants aboard each arriving shuttle as usable supplies.
for station operation, and vice versa.

It is therefore suggested that the Cornucopia concept be
introduced into the MOL program, first as a passenger experiment,
and perhaps later as an integral element of the space system.

A-24
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