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FOREWORD
This study presents the interim results of an thQOTng evalua-
tion study at the Johnson Space Center {JSC) of the pallet-
only mode for Atmospheric, Magnetospheric, and Plasmas-in-Space :
(AMPS) payloads on the Space Transportation System (STS). The

_comp]ete study is to address pay1oad conf1gurat1ons for all

AMPS d1sc1p11nes, and also for pay]oads configured for selected

°d1sc1p11nes " The conf1gurat10ns discussed in this interim re-
. port-include the provisions for selected atmospheric science
- missions. The AMPS payload is be1ng designed to conduct experi-

ments in areas of gTobaT remote sensing of the atmosphevre, the

| 7”1onosphere and the magnetosphere Active perturbat1on by -

Taser emissions, chemical react1ons,:or gas releases of the

-stratosphere Tonosphere, and. mcgnetosphere will answer. runda-~

mental scientific questions. Such answers are considered keys
to a better understanding of man's total natura] env1ronment
his effects upon it, and its effects upon him. ‘ o

In the summer of 1973 the Space Science. Board of the National .

'Academy of Science convened a study at Woods HoTe, Massachusett;;
to explore the scientific uses of the 0rb1ter which is a part

of the STS. 'In.thisustudy,_the'discip1ine-grdups“wehe-askéd to

7 deécribe the scientific objectives of their respective disci-
- plines, to 1dent1fy exper1ments or 1nstruments that are both o
'sc1ent1f1ca11y desirable and suitable for Orbiter operat1ons,_ o

to determine which mode of Orbiter use would be best suited %o

- the operation of these instruments,- to. out11ne ‘a mission model,

and to make recommendatIOns concerning their ‘science and the

| 0rb1ter

Discussion ih the Woods Hole study.report indicated that in the

_attempt.to choose the best-suited Orbiter mode,:a]most all dis-

c1p11ne groups were 11m1ted by the Tlack of detailed information

~being available at that time, which wou1d enab?e them to deter-
O mine cost-effectiveness for: the various modes. " R .
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Although the presence of scientists in a pressurized Spacelab
module appeared to be the preferred mode of operation for AMPS
experiments which require manned control in real time, based on

real time analysis of observational data, there were also experi-

ments to be considered which might preclude the presence of the
habitable Spacelab module and would require monitoring and con-
trol from the Orbiter cabin (pallet-only mode).

One of the recommendations by the Atmcipheric and Space Physics
Group in the Woods Hole study report indicated the need for the
National Aeronautics and Space Administration (NASA) to study
the relative merits of the two modes of operation: (1) press-
urized habitable module with pallets; and (2) the pallet-only
mode without the habitable Spacelab module. The recommended
study was to include: (1) scientific payload weight. cost,
available data rate, and (2) system coverage using active
experiment control based on real time data evaluations. The
current on-going study at JSC is partly the indirect result

of this recommendation.

The Woods Hole study report also noted that suitable instrumenta-
tion for the AMPS payload could be available for the Orbiter
missions if a program was to be started right away in certain
crucial areas, and recommended that scientists should be selected
as soon as possible to participate in the detailed scientific
definition and development of the planned programs and instrumen-
tation.

The 49-member AMPS Science Definition Working Group (herein
referred to as AMPS SDWG) was formed by NASA in the summer of
1974. Definition and development studies by the working group,
and also those being monitored by the working group, are being
conducted in paraliel with the definition and development of
associated Orbiter systems because of the long lead time required
for some of these, and so that AMPS payloads can be included on
early STS operational missions.

i1-2
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The on-going AMPS study at JSC was begun in the Fall of 1974 to:
(1) support the AMP3 SDWG (2) to perfcrm an evaluation of the
potential of the pellet-only mode for AMPS payloads, and (3) to
define details of an atmospheric science payload configuration
for the AMPS program.

The JSC study required the establishment of a baseline which
couid be used for analysis for the evaluation of the pallet-only
mode hy specialists in the areas of systems hardware and soft-
ware, instrumentation and sensors, data handling and processing,
mission planning, crew procedures and timeline development, etc.
It was necessary that the baseline be developed on criteria from
the AMPS SDWG and include science objectives, candidate experi-
ments, mission models, sensors and instrument definitions, and
payload systems configurations. These criteria were represen-
tative of, and compatible with, the plans and concepts being

~deveioped by the AMPS SDWG scientists and by the Orbiter and

Spacelab designers. This interim report includes the resuits
of that part of the study which is establishing this represen-
tative configuration baseline.

The JSC study team has worked with members of the AMPS SDUWG,
Marshall Space Flight Center {(MSFC), Goddard Space Flight Center
(GSFC) AMPS personnel, with JSC personnel who are associated with

‘the definition and development of the Orbiter, and with other

Orbiter and Spacelab related activities so that adiustments can
be considered as the definition and development of each progresses.

The cutoff date for technical input documentation to this In-
terim Report was June 1, 1975. Changes are to be expected

during the course of the study which may affect the presenta-
tions in subsequent reports.
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1.0 INTRODUCTION ‘

1.1 AUTHORIZATION

The NASA, Johnson Space Center (JSC) was requested by the 0ffice
of Space Science (0SS) to submit a Research and Technology Opera-
ting Plan (RTOP) entitled "Atmospheric, Magnetospheric, and
Plasmas-In-Space (AMPS) Payload Definition Studies" which inclu-
ded the study of the potential of the palliet-only mode for the
AMPS project and the provision of conceptual designs for the

AMPS Atmospheric Science Facility (ASF) payload which can be
flown in the pallet-only mode. This report is submitted in
response to that RTOP.

1.2 STUDY OBJECTIVES

1.2.1 ASSESSMENT

Assess the potential of a 1981 AMPS mission in a pallet-only
mode aboard the STS. This particular RTOP objective was inter-
preted as requiring a study to address the following questions:

a. Is it technically feasible to Tly an AMPS mission in a paliet-
only mode aboard the STS?

b. If the pallet-only mode is feasible for AMPS, of what would
the AMPS flight system consist and how would it be integrated
and operated? What facilities would be required to support
the AMPS program?

c. What impact would AMPS pallet-onily missions have on NASA
resources such as cost, schedule, facilities?

d. What major trade-off considerations would be appiicable, and
what options would be presented to Level I NASA management
for assessment of overall potential. For example, schedule/
resources vs. scientific objectives/benefits.
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1.2.2 IDENTIFICATION

Identify instrument designs and operational requirements for
satisfying scientific objectjves set forth by the NASA AMPS
SDUWG,

1.2.3 DEFINITION

Define a conceptual ASF system design in sufficient depth to
serve as a baseline for both a Level I management start decision
(cost/schedule/merit) and a final design study.

1.2.4 PREPARATION

Prepare a JSC study report containing results, conclusions, and
recommnendations for transmittal to NASA Headquarters.

1.3 END PRODUCTS

The end products of the study are two reports. The first is an
Executive Summary document that presents an assessment of the
potential of the Orbiter pallet-only mode to satisfy AMPS require-
ments. The summary will include:

a. Conclusions and recommendations.

b. Description of the study baseline system.

c. Significant technical and opefationa? trade-off factors.
d. Representative AMPS payload instrument complements.

e. Payload development costs and schedules.

¥. Identification of experiment classes not applicable to palilet-
only operation.

g. Identification of significant problem areas that need resolu-
tion. '

h. Recommendations for further study.
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The second document {s a technical report in two parts. The
first part presents conceptual designs and specifications for

an ASF and includes findings which disclose that an ASF can

be fT n in the pallet-only mode, The second part is a feasibi-
Tity udy on t'e subject of flying a complete AMPS mission
using the pallet-only mode. '

&)
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2.0 STUDY APPROACH

2.1 NATURE AND SCOPE OF THE STUDY

As previously mentioned, the principal objective of the study is
to assess the economic and technical feasibility of emplaying a
pallet-oniy mode for conducting AMPS experiments. The study plan
is to develop a baseline incorporating the experiment and instru-
ment descriptions provided by the AMPS SDWG. This baseline will
be augmented by assumptions and judgments of scientists and
engineers knowledgeable in the various phenomena and state-of-
the~art instrumentation. That baseline, which inciudes experi-
mental objectives, methodologies, instrumentation, experiment
timelines, development schedules and costs is then used to

assess the feasibility of a paliet-only mode. The results may

be used for advance planning and decision-making that will pre-
clude false starts and wasted resources in a stringent economic
environment.

The AMPS system, of course, incorporates much more than the ASF
payload, as depicted in figure 2-1. It includes not only the
Orbiter with its scientific payload but also space-to-ground

and ground-to-space communication and data link systems, inter-
faces with other satellites, and supporting ground facilities.
The scope of this study, however, primarily addresses the
payload; giving substantive consideration only to those other
system facets that are significantly impacted by the palliet-only
mode operation. Cursory consideration is given to all system
aspects to ascertain whether or not there may be such significant
impacts.

2.2 TECHNICAL APPROACH

The approach employed, in essence, started with a set of Instru-
ment Functional Requirements Documents (IFRD's) defined from
inputs by the AMPS SDWG. Experiments were then defined by the
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JdSC study group. The instrument characteristics and experiment
requirements allowed definition of support subsystem requirements
and subsequent translation into operational requirements which
were integrated into a conceptual system and mission. This con-
ceptual system was used as a baseline upon which to base a
feasibility assessment.

Close communications were maintained with many of the scientific
investigators of the AMPS SDWG to assure a correct understanding
of their experimental objectives and preferences in experiment
operations and data handling. Their inputs were augmented by

JSC engineering expertise to define a conceptual system con-
sidered feasible, realizeable within a reascnable time frame, and
capable of meeting a maximum portion of the ASF scientific
objectives.

The Magnetospheric and Plasmas-in-Space (MPS) portion of the
total AMPS concept is not addressed in this ASF report because of
the unavailability of information and study schedule limitations.
A separate report will be prepared at a later date.

2.3 STUDY BASELINES

2.3.1T JOHNSON SPACE CENTER ORGANIZATIONAL RESPONSIBILITIES

For the conduct of the program, areas of responsibility were
established as detailied below:

a. The Shuttie Payload Integration and Development Program
0ffice will be responsible Tor project management of the
AMPS pallet-only study activities and related inter-NASA
Center interface functions. '

b. The JSC Science and Applications Directorate (S&AD) will
be responsible for defining and interpreting science and
experiment requirements and interfacing with the AMPS SDUWG.
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c. The JSC Experiment Systems Division (ESD) will be responsibie
for:

(1) Instrument definition.

(2) Systems aspect of pallet(s) requirements, integration,
and hardware interfaces.

(3} oOverall study objectives.

2.3.2 DEFINITIONS

2.3.2.1 Experiment

Experiment as used in this report is an orderly operation per-
formed to acquire data that will provide certain desired
scientific information. '

2.3.2.2 Prime Instrument

An instrument which has been ascribed by the Scientific Inves-
tigator on the AMPS SDUG for a particular experiment or group of
experiments.

2.3.2.3 Substitute Instrument

An instrument that is functionally similar fo, but with different
capability than, the prime instrument. It will be substituted
for the prime instrument when the Tatter is not availabie for
flight due to technical probiems, schedule, cost, failure, or
other reasons.

2.3.2.4 Alternate Instrument

That instrument which is dedicated to different experiment objec-
tives (i.e., another experiment) for which it is the prime (or
substitute) instrument. It will be used as an alternative when
the previous experiment's instrument(s) is not available for
f1ight or priority status has changed.

2-4

— o —




— e — g

" =

2.3.2.5 Core Instruments

That set of instruments that is used for experiments in all
three scientific disciplines, i.e., atmospherics, magnetospherics,
and plasmas-in-space.

2.4 REFERENCE DOCUMENTATION AND BIBLIOGRAPHY

During the course of this study, a great number of documents,
reports, papers, and texts were used as reference material. 1In
general, the material fell into three categories as follows.

2.4.1 AUTHORITATIVE DOCUMENTS

Documents which provide direct technical and programmatic infor-
mation relative to the Space Shuttle Program, including publica-
tions such as JSC-07700, Volume XIV, JSC-09310 through JSC-09325,
and JSC Specification SL-E-0001. The information provided by
those documents and publications is intrinsic to all phases of
this study, and no effort was made to cite the numerous references
which were made.

2.4.2 REFERENCE DOCUMENTS

Reference documents include those documents and publications pub-
Tished by NASA, NASA contractors, and by or for other fGovernment
agencies, and which provide information and baclground data on
spacecraft, projects, instruments, experiments, etc., including
publications such as the various user's guides prepared four the
unmanned spacecraft and satellites. In some instances, the pub-

1ication used was one prepared by the prime contractor for the
vehicle, such as the Radio Corporation of America (RCA) publica-
tion on the Atmosphere Explorer (AE) satellite. Except in the
rare case where a reference was made on a specific aspect, no
effort was made to cite the many areas from which the information
was derived.
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2.4.3 INFORMATION DOCUMENTS

Information documents include journals and other sources for
scientific papers written on the theory and practice of experi-

ments in the disciplines with which this report has been concerned.

Many of the papers perused represented the work of the scientists
who are members of the various working groups of the AMPS Program.

A1l of the documents used have been Tisted in the Bibliography,

section 10.0, under one of the three headings previously mentioned.

2.5 ASSUMPTIONS

A number of assumptions were made at the outset of the study to
establish guidelines and common bases of reference for all
study participants. These assumptions are listed below:

ga. The pallet-only mode may utilize up to five Spacelab pallets.
As many as three pallets can be rigidly joined together.

b. The study will define the instruments, support subsystems
interfaces, and Orbiter related operational requirements for
any free-flying, maneuverable satellites/subsatelilites, and
tethered satellites required to support the AMPS pallet-only
project.

c. Control of free-flying, maneuverable satellites, and tethered
sateflites necessary to support the ASF/AMPS payload will be
effected from the Orbiter.

d. Earth and/or sun synchronous satellites may be considered,
iT necessary, to support the ASF/AMPS pallet-only payload.
When required, the instrument complement, supporting sub-
systems and applicable interface requirements therewith will
be defined during this study.

e. The ASF/AMPS payload will be automated to the maximum extent
possible. However, the design approach will not preclude
man-in-the-Toop when hardware complexity and/or cost prohibit
the automatic mode. -
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Each experiment, instrument, and support subsystem will
utilize standard modular equipment for display and control
mounting in the aft crew station payload console. Real time
data displays, both onboard and downlink, will be provided
as required.

Extravehicular Activity (EVA) operations to service the cargo
pay payload equipment will not be considered normal operating
procedure. However, the equipment design will not preclude
E¥A aoperations.

Utilization of Rendezvous and Docking (R&D) and Remote Manip-
ulator System (RMS) capabilities will be normal procedure
for the ASF/AMPS payload.

Existing NASA Shuttle/Spacelab document guidelines will be
followed where applicablie. Programmed Spacelab equipment,
excluding the manned modules, will be utilized wherever pos-
sible. A1l European Space Research Organization/Entwickelung
Ring Nord (ESRO/ERNO) supplied egquipment will meet schedule,
fit, and function requirements.

The first flight opportunity for ASF/AMPS payload(s) equip-
ment will be mid-1981. Although all prime instruments may
not be available for several years, the ASF/AMPS pallet-only
basic design will provide experiment instruments for the
first flight opportunity.

Wherever specific information is Tacking, the study report
will so state.

Configuration management, safety, reliability, and quality
control guidelines will be estabiished to NASA specifica-
tions for all ASF/AMPS equipment. Speciffcations tailored
to environment, contractor history, experience, and develop-
ment status of hardware will also be establishad.

The ASF/AMPS project plan will be based on hardware require-
ments of one engineering model, one quatification model,
one training model (control panels), one flight model, and

critical component spares.
2-7
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ASF and/or AMPS will be considered the prime payload in
terms of priority for the use of Orbiter payload accommoda-
tions during any ASF/AMPS mission.

A TV system for scanning within the Orbiter payload bay
will be suppiied on the Orbiter.

Many lower level, detailed technical assumptions he1ating to
design approaches and operational philosophy necessary during
this study are identified in appropriate sections of this
report.

2-8
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3.0 SUMMARY

3.1 GENERAL

This study was initialized with a preliminary set of IFRD's
developed by the AMPS SDWG from which Experiment Descriptions
(ED's)(appendix A) and Instrument Descriptions (ID's)(appendix B)
were derived. The ED's and ID's are summarized in section 4.0.
The prime instruments are packaged into four pallets in a physical
and functional manner compatible with the STS capabilities and/or
constraints and an Orbiter 7-day mission timeline (section 5.0).
In section 6.0 operational compatibiiity is verified between the
Orbiter/payload and supporting facilities (Particle Detector
Subsatellite (PDS), Solar Physics Satellite (SPS), Tracking and
Data Relay Satellite System (TDRSS), Space Tracking and Data
Network (STDN), Mission Control and Ground Data Processing
facilities). Section 7.0 treats the development status and
schedule requirements applicable to the ASF mission. Sections
8.0 and 9.0 contain detailed treatments of the conclusions and
recommendations resulting from this study. The abbreviations

and acronyms used in this report are defined in a listing which
is in the front matter of this report.

3.2 CONCLUSIONS

Many meaningful conclusions may be derived from results of this
study; a study oriented ftoward assessing the potential of a

1981 ASF pallet-only mode STS mission. The study involved much
more than a go-no-go determination of scientific and technical
feasibility. This mission-Tevel approach, as opposed to merely
evaluating a "flight package" concept, necessitated many tangen-
tial studies into facility-level interface requirements. The
study exposed programmatic factors not only of extreme signifi-
cance to realistic management planning but also applicable to
almost all missions utilizing the STS as a platform for scien-

tific payloads. These factors influence each facet of this summary.

3-1
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The scope of the ASF study is depicted in figure 2-1 which i1lus-
trates the major facility interfaces.

3.2.1 FEASIBILITY

In general, fTeasibility conclusions can be summarized as follows,

but qualifications are in arder subject to other factors presented

in this summary section.

The data required to satisfy the preliminary set of definitions
of the atmospheric science objectives can be obtained, utilizing
the paliet-only mode with the proper instrumentation. However,
much refinement in the scientific requirements may significantiy
impact programmatic considerations, primarily in the areas of
cost and schedule. '

Although the programmatic feasibility factors of cost, sciedule,
etc., can allow a wide Tatitude in trade-off considerations, the
cost and schedule requirements to deliver certain prime instru-
ments by 1981 are almost prohibitive. In addition, the costs to
develop some instruments, considered prime at this time, could
prove to be economically unfeasible.

If the global coverage requirement is interpreted literally, the
polar orbit missions required to accomplish this will not be
possible until at least 1983 because of present schedules for
avaitlability of the western launch facility. However, partial
global coverage would be possible, in the interim period, utili-
zing the eastern launch facility.

Although schedule and costs are a major factor, it is technicaliy

feasible to conduct an ASF mission in the pallet-oniy mode. Two
of the technical factors which may affect technical feaSibiTity
in some areas are: (1) contamination from the STS, and (2)

payload caomputer sizing. These factors influence the unresolved
issues, follow-up requirements, and trade-off consfderations as

treated in this summary.
3-2
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3.2.2 MAJOR UNRESOLVED ISSUES

During the course of this study, initial concepts and approaches
were selected in the development of a pallet-only mode ASF mission
utilizing the STS. Preliminary mission timelines resulting from
limited definition of the experiment and instrument requirements
were developed and subsequently updated. As appreciation of the

Orbiter contamination environment developed, a particle detector
subsatellite and boom-mounted equipment design were implemented.
This resulted in a conceptual functional design considered tech-
nically feasible, but with certain qualifications because of key

assumptions developed along the way. Validity of some assumptions
could not be fully verified. As a result, several potentially

significant issues remain which warrant identification and require

future investigation.

d.

Upon receipt of the updated and upgraded sets of AMPS/ASF
experiment/instrument requirements from the SDWG, revised
mission timelines will be needed to establish operational
boundaries. These boundary timelines will then be used to
complete the task of sizing the ASF system, followed by a
reassessment of the ASF design concepts relative to the new
timeline. Particular emphasis will be given to the aft

crew station, command and data management, power, and thermal
subsystems for probable impacts.

There is need to operate the particle detector instruments
a relatively short distance away from the Orbiter to avoid
an excessive contamination environment. The AE satellite

was chosen fto carry these instruments because it is operationally

ready and the normal AE instrument complement requires
minimal change. There are obviously many unresolved problems
associated with this approach:

(1) How do the above impacts compare with those of a tethered
satellite or boom-mounted module?
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(2) 4Would it be feasible to modify the proposed subsatellite
to remajn in orbit and possibly be used for other scien-
tific missions?

(3) How practical is the boom concept to implement in view
of the requirement for Orbiter attitude changes?

Potential boom dynamics probliems warrant further investigations

related to technical, scientific, and operational factors.

c. The AMPS/ASF pallet-only mode of operation has more instruments,

more experiments, more automation and a much greater emphasis

on data processing than any previous space payload. This pre-
sents the need for a more detailed investigation of the Orbiter

payload computer capability versus the fTorthcoming, upgraded

requirements for AMPS/ASF experiments; more detailed than was

possible within the scope of this study. This issue is
addressed at length in paragraph 8.4.

3.2.3 TECHNICAL FOLLOW-UP REQUIREMENTS

Although study results ihdicate functional feasibility of this
concepiual ASF payload design, more accurate capacity and sizing
definitions are required in most areas. In order to refine the
definitions, many details (not known originally) of the design
and operation of the various instruments are required (i.e..
detector and housing design for cryo-cooled instruments, and
total payload data characteristics and timelines affecting data
processing). A summary identification and priority of technical
follow-up efforts resulting from this study are 1isted below.
Details are contained in paragraph 8.3.

a. Define in greater detail a comprehensive set of requirements
Tor experiments, instruments, subsatellite and support sub-
systems. This effort should include defining more detailed
mission timelines for experiment, instrument and subsystem
operations than that developed to date.

13-4
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Provide better and more comprehensive design and operational
definitions for instruments and subsystems.

Perform various analyses and trade-off studies to verify the
preliminary selections or te update the design and operations
with more optimum approaches.

Generate preliminary design and operational specifications
to be used as a basis for downstream development.

Develop programmatic factors such as estimates of total

program development, production, and operational costs;

funding plans including expenditures by phases, allocation

of resources, funding constraints and optional expenditure
approaches; development, production and operational schedules
including expected critical paths and avaitability of non-ASF
support such as the Orbiter, the SPS, the TDRSS, etc.; develop-
ment, production and operational plans for each major program
element (e.g., flight hardware, flight software, ground support
facilities and ground support software); and an analysis of

the technical, cost, and schedule risks involved with full
scale development.

3.2.4 TRADE-OFF CONSIDERATIONS

3.2.4.1 Scientific

The pretiminary nature of the present scientific requirements

plus the advanced state-of-art of many prime instrument concepts,

present many potential trade-off areas. A detailed treatment

is contained 1in paragraph 8.2.1 of this report. They can be
broadly categorized in this summary as follows.

a.

Different techniques to derive the desired scientific
information.

Postponement of experiments requiring the instruments.

Substitute instrument(s) which may affect optimized scientific
goals.
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3.2.4.2 Technical

Table 3.2.4~1 summarily lists the technical trade-off parameters
which are comprehensively treated in paragraph 8.2.2 of this report.

3.2.4.3 Programmatic

Many major trade<off considerations of a programmatic nature are
evident from this ASF paliet-only mode study. Informatian is
available now for some; additional information is required for
many others. Paragraph 8.2.3 and appendix C (4 parts) address
this subject in more detail. The two major trade-off areas center
around the STS contamination environment and the practicality of

a 1981 Taunch requirement as opposed to a 1983-1985 taunch date.

3.3 RECOMMENDATIONS

3.3.1 ASF PAYLOAD SYSTEM DESIGN

Paragraph 9.1 of the text presents a detailed treatment and Tisting
of specific recommendations for each major subsystem comprising

the ASF paliet-only mode payload design. These recommendations
incorporate an extensive use of Spacelab and Orbiter equipment

and approaches. Although follow-on efforts are required to better
refine the design concepts, the recommended configuration estab-
lishes a feasible baseline from which tc initiate a preliminary
system design study.

3.3.2 FOLLOW-ON STUDIES

Several unresolved major issues, identified above, must be addressed
because they not only constrain technical effectiveness of this
conceptual payload but they also involve major cost and schedule
jmpacts to an ASF paliet-only mission(s). These issues and follow-
on studies are treated in detail in paragraph 9.2. They are
summarily listed as follows.

3-6
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TABLE 3.2.4-1.

— CANDIDATE SUBSYSTEM OPTIONS

Ttem Selected Appraach Candidate QOpticns
1. Cryogenic cooling Open luop Closed loop
2. Thermal dissipation Payload coolant loop, Orbiter | Payload unique radiators
ATCS, Heat Radiator Kit
3. Large structural Mounted on pallets Use Orbiter primary paylioad
assembly installation attachment points
4. (Circuit breakers Remotely controlled Direct access {at crew
statian)
5. High current Large gauge {4/0) wires Copper bus bars
transmission media
6, Attitude measuring Centralized on Pallet 1, Distributed star tracker, GRA
system attitude transfer via optics | on each AIM or APS
7. Payload Specialist Aft flight deck standard Standard PSS plus mid-deck
work station Grbiter PSS werk station
8. Experiment sequence Onboard control Ground ¢gntrol
initiation
9. Data processing Onboard computer Ground facilities
10. Hass memory oherational Temporary storage-reload from | Permanent full mission
nroegrams ground as programs are programming capacity
utilized
11. Data compression Conventional Bi-Phase Varigus high density systems
{subsatellite and Manchester 11 PCM¥ and tape
fixed payload to recorders
Orbiter}
12. Computer, processor Centralized experiment and Distributed microprocessars
subsystem {with backup) pius less complex gcentral
processgr
T3, Subsatellite retrieval [Retrieve subsatellite Leave subsatellite in orbit,
for subsequent reuse Consider trade-offs betueern
economics and coperatiaon
complexiwy, safety. Conzider
using on-statign subsatellite
for muitiple ASF missians.
14, QOrbiter and payload Minimize payload generation Reduce Orbiter generation
EMI environment and susceptibility through {e.g. change from structure
conventicnal design techniques| to two wire return, increase
shielding); adjust experiments
to adverse environment
15. Support subsystem Primarily Space Shuttie, Other existing or in develap-

equipment selection

Orbiter, Apolio

ment advanced, cost effective
systems and hardware, standard-

jzed modular designs
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3.3.2.1 Scientific

a. Using the upgraded ED's forthcoming from the AMPS SDUWG, develop j ‘
upgraded ASF mission timelines. The new timelines, utilizing
the new ED's and revised ID's, should be analytically exercised ‘ '
by the conceptual payload system to verify continuing ¥easi-
bility of the payload concept with a more realistic ASF pallet-
only mode mission.

b. Choice of Instruments. Because of the unavailability of some
ASF instruments for a mid-1981 Taunch date, it is recommended
that a study be conducted with the following objectives:

(1) Search for availability of instruments that can be used !
in Tieu of those prime instruments presently described ‘
that cannot meet launch date and for which substitutes
are not identified. Such instruments could be currently
under development by either Government or industry, and
could be completed in time to meet the scheduled Taunch
date. Assess the impact to scientific value from the
use of substitute and/or alternate instruments.

(2) Explore alternate means of acquiring desired scientific
information without the use of those instruments that
cannot meet launch date and for which there are no
substitutes.

(3) Assess scientific and cost impacts of flying certain
experiments during 1981 and deferring others until
requisite insiruments are available. .

3.3.2.2 Technical

The specific Tfollow-on studies recommended for the ASF pdy]oad ¢
system design (described in paragraphs 9.2.1 and 9.2.2) are
listed on the following page.
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EMI assessment.
Particle contamination evaluation.
Electrostatic charge assessment.

Study the oyerall issue of the use of booms, subsatellites,
tethered satellites, or other concepts to cope with problems
posed by the operation of AMPS particles instruments. This
study should encompass the following factors:

(1) A11 Orbiter dinterfaces (physical, operational, etc.).
(2) @Gross cost factors.

(3) Scientific merit.

(4) Program schedules.

(5) Boom structural analyses.

Those analyses, trade-offs, assessments, and definitions
related to each subsystem and described in paragraphs 9.2.2.1
through 9.2.2.5. .

Concept of standardizing (paragraph 9.2.3).

COST

cost considerations related to this study are contained in
Executive Summary.
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4.0 SCIENTIFIC REQUIREMENTS

4.1 ORBITER PAYLOAD
4.1.17 INTRODUCTION

Exploratory studies of the thermosphere during the Tast decade
have provided the necessary information to describe gross
features of structure, composition and variability of the

regijon above 250 km. The region between about 120 km and

200 km, where most of the extreme-ultraviolet (EUY) solar photons
are absorbed, had not been studied extensively by in-situ satel-

Tite experiments until the flight of Atmosphere Explorer C (AE-C).

The AE satellites are equipped to measure, simultaneously, the
physical and chemical parameters of the neutral and ifonized con-
stituents, some of the airglow emissions, and the incident solar
photon flux down to an altitude of 120 km. A significant
improvement in our understanding of the structure and photo-
chemistry of this region is expected to result from these mis-
sions, Teading to reasonably successful theoretical models of
the structure of the upper thermosphere, and the upper E region
and F regijon of the ionosphere. Most of the uncertainties in
such models will 1ikely be due to input parameters, such as
reaction rates, cross sections, and absolute solar flux inten-
sity. Improvement in our very limited present-day knowiedge of
the absolute intensity and variability of the solar EUV Flux will
resuit from the EUV spectrophotometer carried by the AE satel-
lites, but a much needed increased data base, necessary for
quantitative thermospheric and ionospheric calculations, will
not be obtained before the Orbiter flights.

The AMPS missions, and particularly the ASF mission, will provide
a unique opportunity to study the basic processes in the areas of
photochemistry, chemical kinetics, and atomic and molecular
physics, that are of fundamental importance to the understanding
of the evolution of planetary atmospheres as well as comet and
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interstelilar cloud formation. Experiments which cannot be per-
formed in terrestrial laboratories can be conducted in the
medium of space, for the unattenuated solar ultraviolet (UV) and
Xx-ray flux can be utilized in excitation and jonization studies.
Gas releases, either directly from the Orbiter or from a con-

tainer some distance away, will permit the study of molecules and

radicals found in the atmospheres of the planets or the major
planets as well as the more compiicated molecules suspected of
being the parents of the commonly observed cometary species.

In addition to photo excitation, electron excitation produced by
the onboard electron accelerator can be used to produce multiple
ionization and excitation of atomic species found in planetary
nebulae. Laser fluorescence can then be used for the detection

of long-lived metastable species. Electron impact cross sections,

photo absorption cross sectijons, probabjlities, ion and neutral-
neutral reaction rates are examples of the type of atomic param-
eters which can be determined. Photodissociation and
photoionization Tifetimes of cometdry species can also be

determined using either gas releases or an artifical comet (snow-

balTl} released in the vicinity of the Orbiter.

Since a detailed knowledge of photochemistry, dynamics, and
energetics is essential to understanding the interrelationship
of the atmospheric regions, it will be possible, for the first
time, to treat the atmosphere in a unified manner. It will be
of special interest to establish the relative impartance of dif-
ferent energy sources to the behavior of the:atmosphere, e.qg.,
solar radiation, wave energy from the lower atmosphere, and
magnetospheric input inciuding joule and energetic particle
heating. The under]yﬁng troposphere is a source of natural and
anthropogenic chemical species that enter into photochemical
chains which are believed to have significant control over the

composition of the stratosphere. A knowledge of the relationship

between the minor constituent photochemistry and the energetics
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and dynamics of the stratosphere and mesosphere is essential for
any significant improvement in our understanding of these regions.

The Orbiter provides an unparalleled opportunity to conduct an
investigation of the earth's atmosphere in the regions above the
tropopause. These regions, the stratosphere, the mesosphere, and
the thermosphere as far above the orbit as the Orbiter instru-
mentation can acquire useful information, are very important to
the understanding of atmospheric behavior. A Targe portion of
the energy that originates from outside the atmosphere and becomes
involved in the earth's atmospheric chemistry, physics, and
mechanics is trapped, absorbed, or otherwise utilized in the
regions above the tropopause. Probing directly into these
regions has been done only with difficulty and for brief periods
of time. Therefore, these regions are not well understood.
However, the advent of the Orbiter provides the means to rectify
the paucity of information about these regions that have such
profound influence on the general terrestrial climate.

The troposphere has been the subject of operational and research
observations for many years and is currently being studied
extensively as part of the Global Atmospheric Research Program
(GARP). Operational instruments have been flown at altitudes up
to 30 km above the land areas of the northern hemisphere and
measurements have provided sufficient wind and temperature data
to enable a meaningTul understanding of the region. Satellite
soundings, especially from the Nimbus satellites, have mapped
stratospheric temierature to about 50 km and ozone distribution
from 30 to 50 km. These data have contributed to a more
detailed understanding of the dynamics of the stratosphere and
are beginning to elucidate the overall ozone photochemistry

- scheme and the controlling transport processes. Experiments an

the Nimbus F satellite are expected to map temperatures up to
the lower mesosphere, and ozone and water vapor distributions

4-3

-—




R

to the stratopause. Later experiments on the Nimbus G satellite
are expected to measure a number of trace species from the tropo-
pause into the mesosphere, although not always with the desirable
vertical or horizontal resolution.

It is now known that a very close coupling exists within the
neutral atmosphere ionosphere-magnetosphere system, and that very
compiex interactive and feedback processes are present which
involve mass, momentum, and energy transport, mostiy along mag-
netic field Tines. Knowledge and understanding of these pro-
cesses is minimal and will probably be so at the time of the

Orbiter flights.

4.1.2 O0OBJECTIVES

The fundamental objectives of the ASF mission are to investigate
the following.

a. Composition and structure of the upper atmosphere.
b. Dynamic and physical processes of the upper atmosphere.

c. Interreiationships between the upper atmosphere and
magnetosphere.

d. Interrelationships between solar phenomena and the upper
atmosphere.

Fulfiliment of the scientific objectives will require applica-
tion of a number of instruments, including optical instruments,
tasers, accelerators, and gas release devices. The ASF mission
will use an array of such instruments operating concurrently, or
in programmed sequences, to perform the observations and produce
the data fTor studies of the upper atmosphere and of the correla-
tion between upper atmosphere conditions and external influences.
The instruments will permit separation of the temporal and spatial
aspects of the observed conditions and, t ough use of the accel-
erators and gas release instruments, will initiate artificial or
controlled perturbations of the ambient atmospheric constituents
for observation and measurement.

A-4
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4.1.3 EXPERIMENTS
4.1.3.1 Background

A series of fifteen atmospheric science experiments have been
described.

a. Group D — Dynamics — Experiments to measure winds, tempera-
ture, and diffusion of atmospheric constituents.

b. Group C — Chemistry — Experiments fto investigate photo-
chemical reactions in the upper atmosphere.

c. Group S — Structure — Experiments to investigate particle
interactions in the upper atmosphere.

Source data for the descriptions were obtained from papers and
presentations by the scientists of the Atmospheric Science Sec-
tion of the AMPS SDWG. The ED's are incorporated as appendix

A of this report and inciude a statement of objective, a method
of accompliishment, a 1ist of instruments required, and the oper-
ational timing for collection of data.

The ED's are preliminary and, as a result, will undergo refine-
ment and perhaps change as additional data becomes available.
Nonetheless, these descriptions have been adequate for the pur-
pose of establishing a baseline for performance of the ASF
mission.

4.1.3.2 Experiment Summaries

The fifteen ASF exper®..ents are Tisted below and each is sum-
marized in the subsequent paragraphs.

Experiment Title
AS-1 Identify Properties of Natural Tracers
AS-2 . Measure Winds and Temperature Fields
AS-3 Profile the Atmosphere Temperature in the

Region of 15 to 120 km Altitude
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Experiment

AS-4

AS-5

AS-6

AS-7

AS-8

AS-9

AS-10

AS-T1

AS-12

AS-13

AS-14

AS-15

Title

Determine the Thermal Structure and Dynamics
of the Mesospheric and Lower Thermospheric
Regions

Determine the Eddy Diffusion Between the Alti-
tudes of 85 km and 120 km

Determine Atmospheric Interactions of Excited
Radicals

Determine Atomic and Molecular Oxygen Densi-
ties Between 90 to 120 Kilometer Altitude

Determine Solar Radiation Interaction with
the Ambient Atmosphere

Determine the Atmospheric Constituent Abun-
dance Below 120 Kilometer ATtitude

Determine the Atmospheric Constituent Abun-
dance Above 120 Kilometer Altitude

Betermine Change in the Ionospheric D Region
Due To Seasonal Anomalies and Magnetic
Storms

Determine the Metallic Constituents in the
Upper Atmosphere

Evaluate Deposition of Meteoric Dust and
MetalTlic Constituents

Determine the Meteoric Production of Nitric
Oxide

Investigate the Excitation Exchange Between
Metastable Species and the Ambient
Environment

ey
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a. Experiment AS-1 — Identify Properties of Natural Tracers:

(1)

(2)

(3)

b. Experiment AS-2 — Measure Winds and Temperature Fields:

(1)

(2)

Scientific Objective — To identify the properties of

constituents which occur naturally in the atmosphere in
order to determine suitability for scientific measure-
ment and analysis. ’

Method — Radiation spectroscopy in the downward and
horizon looking directions will be used as a source of
data. Wavelengths shorter than approximately 3 microm-
eters will require a sunlit air column against a dark
background, or active probing with a laser beam.
Release of trace gasés in the vicinity of the Orbiter
will be investigated to determine the desirability for
providing controlled concentrations of known tracers
for calibration of instruments.

Instruments Regquired —

Instrument No. Title
118 Limb-Scanning Infrared Radiometer
124 Fabry-Perot Intérferometer
126 Infrared Interferometer
213 Laser Sounder
532 Gas Release Module

Scientific Objective — To measure winds and temperature
fields in the upper atmosphere, on a global scale, using
natural tracers determined, in Experiment AS-1, to be
suitable. |

Method — Temperatures of gases may be derived from
doppler broadening of emission Tines, while scalar
flow may be found from the doppler shifting of the
same emission Tines.
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(3)

Instruments Required —

Instrument No. Title
118 Limb-Scanning Infrared Radiometer
124 Fabry-Perot Interferometer
126 Infrared Interferometer
213 Laser Sounder

Experiment AS-3 — Profile the Atmosphere Temperature in the
Regian of 15 to 120 km Altitude:

(1)

(2)

(3)

Scientific Objective — To measure the vertical tempera-

ture profile to differentiate from the horizontal tem-
perature distributions found in Experiment AS-2. The
resolution should be 1 km to 2 km of ailtitude.

Method — Horizon scanning will be used to collect data.

Temperatures of gases will be derived from doppler
broadening of emission lines. Active vertical sounding
may be possible through use of laser probing to excite
atmoépheric sodium emissions. A nadir-pointing infra-
red spectrometer will provide similar data by measure-
ments of the shifts in the line of a carbon dioxide
absorption edge.

Instruments Required —

Instrument No. Title
118 Limb-Scanning Infrared Radiometer
124 Fabry-Perot Interferometer
126 Infrared Interferaometer
213 Laser Sounder
4-8
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Experiment AS-4 — Determine the Thermal Structure and Dynamics
of the Mesospheric and Lower Thermospheric Regions:

(1)

(2)

Scientific Objective — To develop a relationship between
the wind and temperature fields derived in experiments
AS-2 and AS-3, and the inputs from excitation due to

the solar radiation.

Method — The wind and temperature profiles derived
through experiments AS-2 and AS-3 will be combined with
measurements of the solar flux, Birkeland current, and
particle precipitation. Energy balance calculations will
be made through measurement of Tong wavelength infrared
emissions. Estimates of the contribution of the albedo
will be made from data collected by instruments carried
on the Orbiter and the PDS.

Instruments Required —

Instrument No. Title
118 Limb-Scanning Infrared Radiometer
122 UV-VIS-NIR Spectrometer
126 Infrared Interferometer
1002 Pvrheliometer/Spectrometer

Supporting data from PDS.

Experiment AS-5 — Determine the Eddy Diffusion Between the
Altitudes of 85 km-and 120 km:

(1)

Scientific Objective — To determine the rates of eddy

diffusion, winds, and turbulence in atmospheric mixing
phenomena.

Method — Measurements of winds and temperatures will be

based on the doppler technigues used in experiments AS-2
and AS-3. Diffusion will be measured by vertical pro-
filing of selected constituents. Meacurements of gas

4-9
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release data and of data from the PDS instruments will
be used as haseline for the reduction of data in this

experiment.

Instruments Required —

Instrument No.

118
122
124
126
213
532

Title

Limb-Scanning Infrared Radiometer

UV-VIS-NIR Spectrometer/Photometer .
Fabry-Perot Interferometer
Infrared Interferometer

! .ser Sounder

Gas Release Module

Supporting data from PDS.

f. Experiment AS-6 — Determine Atmospheric Interactions of

Excited Radicals:

(1)

(2)

Scientific Objective — Significant portions of the total

thermal energy in the upper atmosphere are believed to
be held in molecular levels which do not possess radi-

ative transitions.

Excitation transfer by intermedi-

ates such as carbon dioxide and hydroxyl radicals leads

to radiative transfers. This experiment will ascertain
the importance of the transfer mechanism in the overall

thermal budget.

Method — Measurements of the hydroxyl vibrations levels v

will be made through induced fluorescence in the near

UV spectral region. Collision excitation transfer will

be estimated by comparing the measured level populations

[}

to theoretical populations in the absence of energy

transfer.

Principal measurements will be made through

laser probing, supported by passive UV spectrography.
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(3) Instruments Required —

Instrument No. Title
116 Airglow Spectrograph
122 UV-VIS-NIR Spectrometer/Photometer
213 Laser Sounder
1011 Uttraviolet Occultation Spectrograph

Experiment AS-7 — Determine Atomic and Molecular 0Oxygen
Densities Between 90 to 120 Kilometer Altitude:

(1)

(2)

(3)

Scientific Objective — To determine to a very high
precision the densities of atomic and molecular oxygen
as a function of geographic position (both global and
small scale), season, time, solar dissociating flux, and

other parameters (e.g., low-level auroral inputs, wind
fields, etc.).

Method — Airglow emissions induced by the sun, particle
precipitation, and laser probing will be used. Solar
and stellar occultation will assist in determining the
density of atomic oxygen, and possibly of molecular
oxygen. A precise determination of solar flux is
essential for this experiment. The use of the SPS and
PDS will provide data required to make a complete
analysis.

Instruments Required —

Instrument No. Title
122 UV-VIS-NIR Spectrometer/Photometer
124 Fabry-~Perot Interferometer
213 Laser Sounder
1011 UTtraviolet Occultation Spectrograph

Supporting data from SPS and PDS.
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Experiment AS-8 — Determine Solar Radiation Interaction with
the Ambient Atmosphere:

(1) Scientific Objective — To identify spectral transitions
of Tong-lived metastable states which are pressure-
quenched in ground based experiments. Baseline data

will be provided for other experiments in the ASF.

(2) Method — Clouds of neutral molecules of gas will be
released from the Orbiter, and pre-ionized species may
be released by the onboard accelerator instruments.
Additional excitation may be produced by the onboard
accelerator instrument, or may be provided by laser prob-
ing and through use of electron beams.

(3) Instruments Reguired -

Instrument No. Title
122 UV-VIS-NIR Spectrometer/Photometer
124 Fabry-Perot Interferometer
213 Laser Sounder
303 Electron Accelerator
304 Magnetoplasmadynamic (MPD) Arc
532 Gas Release Module
534 Optical Ban. Imager and Photometer
System
536 Triaxial Fluxgate
549 Gas Plume Release
550 fevel II Beam Diagnostics Group

Supporting data from SPS.
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Experiment AS-9 — Determine the Atmospheric Canstituent
Abundance Below 120 Kilometer Altitude:

(1)

(2)

Scientific Objective — To synoptically map the geographic

distributions and vertical profile of atomic, molecular,
and ionic abundance between the altitudes of 15 km and
120 km.

Method — Airglow measurements will be used in the deter-

minations for oxygen, nitrogen, and their compounds.
Measurements in the UV and infrared regions may.be
required for determinations of jons and polyatomic
species, Laser excitation may be useful in creating

a promptly radiating state from weakly emitting species.

Instruments Required —

Instrument No. Title
118 Limb-Scanning Infrared Radiometer
122 UV-VIS-NIR Spectrometer/Photometer
124 Fabry-Perot Interferometer
126 Infrared Interferometer
213 Laser Sounder
1011 Ultraviolet QGccultation Spectrograph

Supporting data from SPS and PDS.

Experiment AS-10 — Determine the Atmospheric Constituent
Abundance Above 120 Kilometer Altitude:

(1)

Scientific Objective — To synoptically map the geographic

distributions and vertical profiles of atomic, molecular,
and ionic abundance above the altitude of 120 km.
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(2)

(3)

Method — Data will be gathered primarily by occultation

and by upward looking spectroscopy. The van Rhyn tech-
nique of estimating spherical shell contributions based
on changing angular absorption will be used to determine
constituent distribution. '

Instruments Required —

Instrument No. Title
122 UV-VIS-NIR Spectrometer/Photometer
124 Fabry-Perot Interferometer
1011 Ultraviolet Occultation Spectrograph

Supporting data from SPS and PDS.

Experiment AS-11 - Determine Change in the Ionospheric D
Region Due to Seasonal Anomalies and Magnetic Storms:

(1)

(2)

Scientific Objective — Te correlate the change in
neutral composition, neutral species, temperature, ions,

and particle flux to D Region propagation.

Method — Measurements of nitric oxide, water vapor,
hydrated ions, ozone, and atomic oxygen abundance and
temperature will be taken by spectrographic instruments
and by laser probing techniques as used in experiments
lTisted heretofore. Simultaneous measurements will be
made of particle fluxes for correlation purposes and

to assess their import to regions of high precipitation,
such as the South Atlantic Anomaly.

4-14




[ R

(3)

Instruments Required —

Instrument No. Title
122 UV-VIS-NIR Spectrometer/Photometer
124 Fabry-Perot Interferometer
126 Infrared Interferometer
213 Laser Sounder

Supporting data from PDS.

Experiment AS-12 — Determine the Metallic Constituents in
the Upper Atmosphere:

(1)

(2)

Scientific Objective -- To provide baseiine data on the
quantity and distribution of metals in the upper atmos-
phere on a global basis.

Method — Spectrographic data will form the primary source
of information. Resonant backscatter from laser probing
is a promising data source. Available techniques will
probably measure only a Timited portion of the total
inventory of metals in the atmosphere.

Instruments Required —

Instrument No. Title

116 Airglow Spectrograph

122 UV-VIS-NIR Spectrometer/Photometer
124 Fabry-Perot Interferometer

126 Infrared Interferometer

213 Laser Sounder
1011 Ultraviolet Occuitation Spectrograph

Supporting data from SPS and PDS.
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m. Experiment AS-13 — Evaluate Deposition of Meteoric Dust and
Metallic Constituents:

(1)

(2)

(3)

Scientific Objective — To determine changes 1in the
metalliic content of the upper atmosphere due to meteor
showers. This experiment will use the data resulting
from Experiment AS-12.

Method — As in Experiment AS-12, spectrographic data
will form the primary source of information, with
resonant backscatter from the Taser probing, if found
to be a usefyl data source. The determination requires
the advent of a substantial meteor shower subsequent to
the results obtained in Experiment AS-12, with the
measurements being made at the shower location.

Instruments Required —

Instrument No. Title
122 UV-VIS-NIR Specirnmeter/Photometer
‘124 Fabry-Perot Interferometer
126 Infrared Interferometer
213 Laser Sounder

Supporting data from SPS and PDS.

n. Experiment AS-14 — Determine the Meteoric Production of
Nitric Oxide:

(1)

Scientific Objective — To determine the amount of nitric
oxide formed in the altitude region of 90 to 120 km by
ionizing tracks of meteors. The measurements will be
made after detecting the tracks with an onboard Tow
Tight Tevel television (LLTV) system.
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(2)

(3)

Method — Laser-induced fluorescence will be used for the

quantitative determination of nitric oxide. It may be
possible to quantitatively monitor the reactants spec-
troscopically during the meteor shower.

Instruments Required —

Instrument No. Title
122 UV-YIS-NIR Spectrometer/Photometer
124 Fabry-Perot Interferometer
126 Inffared Interferometer
213 Laser Sounder
534 Optical Band Imager and Photometer
System

Experiment AS-15 — Investigate the Excitation Exchange
Between Metastable Species and the Ambient Environment:

(1)

(3)

Scientific Objective — To study the gquenching cross

sections of metastable species at pressure Jevels and
instrument volumes not available in ground Taboratories.

Method — Gas clouds will be released as plumes or
ptasmoids and the energy transfer by the ambient
photons and particle fluxes, or by active probing with
electron beams, will be evaluated. Fluorescent decay
will be observed with imaging devices and with the com-
plement of spectrographic instruments aboard the
Orbiter.

Instruments Required —

Instrument No. Title
116 Airglow Spectrograph
122 UVY-VIS-NIR Spectrometer/Photometer
124 Fabry-Perot Interferometer
4-17
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Instrument No. Title

126 Infrared Interferometer

303 Electron Accelerator

304 Magnetoplasmadynamic (MPD) Arc

532 Gas Release Module

534 Optical Band Imager and Photometer
System

536 Triaxial Fluxgate

549 Gas PTume Release

550 Level II Beam Diagnostics Group

4.1.4 INSTRUMENTS (PRIME)
4.1.4.1 General

Fifteen instruments have been described in sufficient detail to
evaluate the feasibility of their construction. The basis for
the ID's was the IFRD's prepared by the Atmospheric Science
Section during meetings of the AMPS SBUWEG at MSFC. Preliminary
information ih the IFRD's was supplemented by discussions with
the scientists who drafted them and with scientists at the JSC.
These instruments have been termed "prime instruments" for the
purpose of this report, and the ID's have been incorporated

as appendix B.

The 15 prime instruments are listed in table 4.1.4-1 in numer-
ical order with the names derived from the IFRD's. The matrix

in table 4.1.4-2 relates the prime instruments to the experiments

describad in appendix A. Performance parameters are listed
in table 4.1.4-3 and interface parameters are listed in table
4.1.4-4,
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TABLE 4.1.4-7T. — ASF INSTRUMENT IDENTIFICATION

Instrument

Number Instrument Name

116 Airglow Spectrograph !

118 Limb-Scanning Infrared Radiometer
122 UV-VIS-NIR Spectrometer/Photometer
124 Fabry-Perot Interferometer

126 Infrared Interferometer

213 Laser Sounder

303 Electron Accelerator

304 Magnetoplasmadynamic Arc

532 Gas Release Module

534 Optical Band Imager and Photometer Systiem
536 Triaxial Fluxgate

549 Gas Plume Release

550 Level II Beam Diagnostics Group
1002 Pyrheliometer/Spectrophotometer
1011

Ulttraviolet Occultation Spectrograph
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TABLE 4.1.4-2. — INSTRUMENTS ASSIGNED TO EXPERIMENTS

Experiment

Instrument Number

116 | 118 |122 | 124 | 126 | 213 | 303 | 304 | 532 | 534 | 536 | 548 | 550 | 1002 | 1011
AS-1 X x| x| x X
AS-2 X X | x | x
AS-3 X X | x
AS-4 X | x X X
AS-5 x | x| x| x| x X
AS-6 X X X X
AS-7 X | x X X
AS-8 x| x x Lx x| x I x x| x |«
AS-9 x x| x| x| x X
AS-10 x| x X
AS-11 x| x| x| x
AS-12 X x | x | x | x X
AS-13 X | x | x | x
AS-14 x [ x| x | x X
AS-15 X X | x| x x | x bx x| x| x| x
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TABLE 4.1.4-3. — ASF PRIME INSTRUMENT PERFORMANCE PARAMETERS
Instrument Instrument Range Resolution
No, Name frequency Spectral Energy Dynamic Spatial Spectral Sepsitivity S/l Ratio
a o CONFA-1°
116 Airglow Spectrograph 300 A to 2000 A CONFA-5° ] 0.5 to 2.0 A
118 Limb Scanning IR 5x10742 w em™?
Radiameter 3 to 40 micrometers 10° (T8D) SR™Y m=? {TeD)
o
12 UV-VIS-NIR 10,000 A to o 2 Photoelectrons
Spectrometer-Phatameter | 10 micrometers 12°x12° 104 Raleigh ! Sec
13
124 Fabry~Perot 1 to o 5x10 detected photons
Interferometer 140 micrameters 3 km 1A Raleigh=? Sec™
_ 10737  cm~2
126 Infrared Interferameter | 1 to 150 micrometers 108 0.5 cm™ }0.5 cem? SR-! micrometer 100:1
Y o 1 km a
213 Laser Sounder 1000 A to 30000 A 0.1 mrad | .001 A
10° Di-
303 Flectron Accelerator 1 to 30 keV {0 to ? Amp vergence |<10%
304 . Hagnetoplasmadynamic 100 to 10 to 40° Di-
Arc 500 ¥ 2x10° Amp vergence | <507
834 Optical Band Imager Depends upan .
and Photometer System experiment LA (780} KA (TBD) {180}
536 Triaxial Fluxgate <01 Wz Passive £10° 51077 Gauss
300 A- 23 [D2A ,
532 Gas Release Hodule 1.2 micrometers Degrees @ 1200 A {TAD) {Tap)
0-0.5
544 Gas Plume Retease moles fac. 60°
-5
550 Level [I 107 amp/em’ -
550 Beam Diagnostics D to 30 kev | *0 amp/ew’ 107°% Amp em™? (T80}
1002 Pyrheliometer/ 0.2-5.0 micrameters 125-145 AAJA
Spectrometer D.25-2.6 mi<rameters | NA x107 7w em™2 | KA 180 to 200 0.1% 1000
1011 Uy Dccultation 0.03-0.2 °
Spectragraph micrometers NA (7BD} KA p.a A (7BD} (ThD}

*Depands on experimant

o b = S = g = T
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TABLE 4.1.4-4.

ASF INSTRUMENT INTERFACE PARAMETERS

Instrunent Physical dimensions (metric} Powar Pointing Data (see note)
Length K Vo1 . . Scientific Housekesping
No. Name q Width | Height oTume | ‘leight Vac Vde Watts | Errar| Stability D, A, F| Rate T, £, Dis. Rate
Atrqlow 3 700
116 | Spectrograph 2.0m 0,6m 0,56 m 30 kg 28 |1 50.5% | 15 arc sec F frames A 4B0 bps
IF Limh 3 115
118 | Scanning 1.8m | 0.8m 4.52 @ [115 kg | 400 cycle 100 0.5 | <15 arc sec ] 12 %bps A 480 bps
uy-vIs-KIR 3
122 | Spectrameter/ 0.5m 0.2m | 0.2m 0.02 m 16 kg 2B |16 20,1 <6 arc min D 8 kbps A 320 bps
Photometer
Fabry-Parot 0.6m 0.3m 0.6 m33
124 | Interferometer 0.4m 0.5m | 0.4m 0.08 m~ |45 kg 28 |4 £1.0° | T8D D 1.6 kbps A 560 bps
@.3m 0.2m 0.18 m3
Infrared . 3 15
126 | Interferometer 0.7m | 0.9 0.45 m 114 kg 400 cycle 25 =0.1° | =3 arc min 1] 1 kbps A 200 bps
3 115 1.08
213 | Laser Sounder {4 subsystems) 8.3 m 415 kg 1400 cycle kw =1.0° | T8B D 16 kbps 1} 1 kbps
oS
1 Electron 3 5kKW avg 1
o 303 | Accelerator 6.1 m 740 kg 28 | 10KW max |6° 1° sec” D . |5 kbps A 16 bps
()
Magnetoplasma- 3 5k¥ avg A
104 [ dynamic Arc 2.5 m 630 kg 28 {10 kH max|2" 1° sec D T kbps A 16 bps
Optical Band !
534 [ Imager and oom |o.om [3m |3n 100 kg 30 2 1° min! A |8 Hhz ) 18D
Photomater System D 2 kbps
Triaxial Boom or subsatellite s
536 | Fluxgate rounted sensor 0.005 v° | 5 kg 8 |4 b 600 bes |CoTEINRd e
Gas Release :
532 | Hodule 1.245° |49 kg 28 |40 1o L oase sec | DA |77.5 kbps | Someined o
Gas Plume 3 Video tape
519 | Release .12 m 9 28 |5-10 H/n NZA 13 sec/release A 16 bps
Level [[ Beam
S50 | Diagnostics 3 Subsystems 0.008 23 28 |20 N/A N/A D 6.5 kbps A 12 bps
Pyrhel iometer/ 3 Cembined
1402 | Spectrometer 0.3m 0.'m E5.3m 0.0l m <10 kg 10 2.5 NfA g 320 bps  {w/scientific
Uy Occultation 3 1 arc { 10-15
101! | Spectrograph 3m m Tm 3m 128 kg 26 1100 Jm arc sec F 1fps A 80
NOTE: D = Digital; A = Analog; F = Film; Dis = Discrete
v ¢
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The ID's for several of the prime instruments call for attributes
which will require advancement of the start-of-the-art with an
appropriate development program. The practicability of using

more readily available instruments, termed "substitute instruments,®
was assessed in the light of scientific and program requirements,
and the options for use of the substitute instruments are des-
cribed in section 7.0 of this report.

4.7.4.2 Summary Descriptions

The 15 ASF prime instruments derived from the IFRD's are sum-
marized below, and detailed technical descriptians are contained
in appendix B.

a. Airglow Spectrograph, Instrument 116. The Airglow Spectro-
graph is used to collect data for the study of upper atmos-
phere emissions and absorptions in the vacuum UY range of
300 R to 2000 R, The instrument provides high spectral
and spatial resolution in the coliection of data, which is
recorded on film in the form of spectrograms. The range
of observations extends from zenith to nadir. The instru-
ment has two configurations, either of which can be selected
in flight, with one configuration having a field-of-view
(FOV) of 5° square, and the second having a FOV 1° square.
The operating volume of the instrument is 0.56 cubic meters,
and the operating weight is 30 kilograms.

b. Limb Scanning Infrared Radiometer, Instrument 118. The Limb
Scanning Infrared Radiometer is a cryogenic multi-channel
instrument which acquires data to permit measurement of trace
species and evaluation of the vertical distribution of trace
gases in the altitudes up to'approximatelyi120 kilometers.
The spectral range of operation is from 3 to 40 um. Twelve
detectors are incorporated into the instrument which is com-
pletely encased in a dewar housing to maintain the cryogenic
operating temperature of 77 K; the detectors are cooled to |
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size of the etalons (i.e., 25 cm in diameter) permits high

R i

4 K for operation. The operating volume of the instrument is
is 0.9 cubic meters, and the operating weight is 115 kilo- l_
grams plus 185 kg for cryogen dewar and associated plumbing.

UV-YIS-NIR Spectrometer/Photometer, Instrument 122. The

UV-VIS-NIR Spectrometer is used to obtain measurements of

natural and induced atmospheric and ionospheric emissions in
wavelengths ranging from 0.11 um to 1 um. The instrument is
comprised of four small spectrometers of Ebert-Fastie config- . “
uration, although as many as eight such instruments can be ' 4
incorporated into the main spectrometer. The use of multi-

ple spectrometers permits the simultaneous observation of %
several spectral features. Photomultiplier tubes are used

as detectors. The operating volume of the spectrometer is

0.02 cubic meters and the operating weight is 16 kilograms.

Fabry-Perot Interferometer, Instrument 124. The Fabry-Perot
Interferometer collects data which enable measurements to be
made of doppler velocity and of temperature in the mesosphere
and thermosphere using selected atomic line emissions in the f
UV, visible, and near infrared spectral regions. The targe ;

resofution and high etendue photometric studies of line and
band emissions between the wavelengths of 0.2 ym and 10 um.
The overall spectral range of the instrument is 2000 R to

10 um. The instrument operates in one of three different
modes, interferometer, photometer, or radiometer, each pro-
viding different sensitivity and different FOV. Mechaniza-
tion of the instrument allows selection of operating mode |
during flight. The operating volume of the interferometer

is 0.1 cubic meters and the operating weight is 45 kilograms.

Infrared Interferometer, Instrument 126. The Infrared Inter-
ferometer acquires data in the spectral region ranging from

1 um to 150 pm, in three descrete intervals. The instrument
incorporates interchangeable filter/beam-splitter/detector
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combinations to cover each of the three spectral ranges; the
combinations are assembied into the instrument prior ¢o
fiight and are not changeable during flight. The instru-
ment is cryogenically cooled to 77 K, and all components

are enclosed within a dewar structural casing to maintain
the requisite temperature during operation. The detector
units are further cooled to 4 K for maximum sensitivity.

The telescope is pointed at areas between the nadir and the
horizon for collection of data. The operating volume of the
instrument is 0.45 cubic meters and the operating weight is
114 kilograms plus 186 kg for cryogen dewar and plumbing.

Laser Sounder, Instrument 213. The Laser Sounder enables
studies to be made of the composition, structure, and dynamics
of the atmosphere through backscattering and absorption of
the Taser beam. The primary area of concern is the upper
atmosphere in the nadir direction from the Orbiter. The in-
strument consists of the Taser emitter and the receiving
interferometer, as major components. The laser is a tunagle
dye laser which operates over the spectral range of 1000 A

to 30000 E, and which has an ocutput energy of one joule, a
pulse duration of ten nanoseconds, and a pulse rate of one
per second. The interferometer section receives the returned
energy through a 2-meter aperture Cassegrain telescope, which
directs the energy to an array of ten Fabry-Perot etalons
which separate the beam into discrete spectral bands which
then impinge on the photomultiplier tube detectors.

The size of the interferometer teiescope, i.e., 2~-meter aper-
ture, presents a serious problem in the accommodation array
of instruments in the Orbiter payload bay, for the dimension
far exceeds the available envelope for the Laser Sounder.

The aperture has been reduced to~0.8 meter diameter for
accommodation purposes. The operating volume of the instru-
ment is 9.21 cubic meters, and the operating weight is
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415 kilograms; with the reduction of telescope aperture,
the operating volume is reduced to 5.51 cubic meters, and
the operating weight is 395 kilograms.

g. Electron Accelerator, Instrument 303. This instrument is a
subsystem of the AMPS Particle Accelerator System and will be
used to: (1) study the excitation of upper atmospheric and
jonospheric constituents, (2) map the magnetic field lines
of the earth, (3) determine ionospheric electric field .
magnitude and direction, and (4) study the plasma wave
excitation in the ionosphere. It consists of an electron gun
with variable energy and current output up to 30 keV and 7 o
amperes respectively. Operation of the electron beam can be
continuous direct current (dc), pulsed, or modulated (up to
10 MHz). Energy storage for high intensity pulsed operation
is accomplished with a 105 joule, 500 volt capacitor bank.
The operating volume for this instrument is 6.1 cubic meters
and the operating weight is 740 kilograms.™*

h. Magnetoplasmadynamic (MPD) Arc, Instrument 304. The MPD Arc
is a subsystem of the AMPS Particle Accelerator System. It
will be used to: (1) study the excitation of upper atmos-
pheric and ionospheric components, (2) trace and map the

eartn's magnetic field Tines, (3) modify the conductivity in
certain regions of the ionosphere, and (4) generate plasma

waves in the very low frequency/extremely low frequency (VLF/ELF)
regimes. The instrument consists of a lTow voltage plasma gun

(up to 500 volts) with a discharge current up to 2 x 105 amperes.
Energy storage for high intensity puises is accomplished with

a 105 joule, 500 volt capacitor bank. The operating volume of
this instrument is 2.77 cubic meters and the operating weight

is 630 kilograms.¥

*NOTE: Weights indicated appiy if either instrument is flown
without tihe other instrument. If both instruments 303 and 304 are
flown, the combined weights will approximate 781 kilograms due to
the common usage of certain power components.
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Gas Release Module, Instrument 532. This instrument will be
used to study photoexcitation and photoionization of various
species exposed to solar radiation. 1In addition, it will be
utilized to study the decay of excited species including
metastable states. Gas will be admitted to an excitation
chamber which is viewed by a monochromator and a quadrupole
mass analyzer.  The chamber will be exposed to the full un-
attenuated solar flux. Ion masses in the range of 1 atomic mass
unit {amu} to 100 amu can be measured and by the use of three
monochromators (one se]ected and mounted before f11ght), wave-
1engths in the ranges 300 A to 1500 A 1100 A to 4500 A and
4000 A to 1.2 pm will be measured. Metastable states will be
measured by a free gas release to space which is viewed by the
monochromator. The operating volume of this instrument is 1.42
cubic meters and the operating weight is 49 kilograms.

Optical Band Imager And Photometer System (OBIPS)}, Instru-
ment 534. The OBIPS obtains monochromatic images of airglows
due to natural aurora and atmospheric perturbation experi-
ments such as chemical releases and high energy electron
injections. The optical bandwidth is just sufficient to pass
the radiation of a particular molecular band. The configura-
tion depends upon the mission. The typical configuration

has two LiLTV's and two photometers operating at two different
wavelengths. The TVY's are used to point the narrow field
photometers and the latter give accurate radiometric read-
ings. A very large baffling system precedes the lens in
order to block extraneous radiation and obtain data of

faint airglows despite sunlight scattered by the earth's
atmosphere. The optical band is determined by filters which
are interchangeabTe. The operating volume of this instirument
is 0.52 cubic meters and the operating weight is 100 kilograms.

Triaxial Fluxgate, Instrument 536. The objectives of this
instrument are to: (1) study the natural hydromagnetic wave
propagation, (2) probe the ultra low frequency (ULF) noise
generated by the Orbiter, (3) study noise generated by
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controlled discharge from the ULF antenna, and (4) determine
the magnetic environment of the Orbiter as a safety measure
during accelerator operation. Because of low electromagnetic
field interference requirements, the instrument will be sub-
satellite or boom mounted. The sensors are orthogonally
mounted coils on high permeability cores. Sensors will re-
quire about 0.003 cu m volume. The operating weight of this
instrument is 5 kilograms.

Gas Plume Release (AMPS Particle Accelerator System Level 1
Diagnostic), Instrument 549. The Gas Plume Release will be
used for optical tailoring and alignment of the particle beam
from the Electron Accelerator {Instrument 303). The Gas
Plume Release system resides within the volume of the elec-
tron accelerator and consists of a gas storage system from
which gas can be released from four jets. Interaction of
either the ion or electron beam with the gas will allow a
visual observation of the profile of the beam. The operating
volume of this instrument is 0.12 cubic meters and the
operating weight is 9 kilograms.

Faraday Cup Probe/Retarding Potential Analyzer/Cold Plasma
Probe/(AMPS Particle Accelerator System Level I1I Diagnostic
Group), Instrument 550. This group of instruments will be
utilized to define the energy, beam intensities and profiles
of the EtTectron Accelerator (Instrument 303) and to determine
the rise in potential of the Orbiter with respect to the
ambient plasma during acceleratoyr firing. The Faraday Cup
Probe is a cylindrical cavity current collector and will be
utilized to determine the spatial profiles and intensities
of the beams. The retarding potential analyzer will deter-
mine beam energy and will operate up to 30 keV¥. The cold
plasma probe is a passive floating potential probe and will
be used to measure Orbiter charge build-up. The operating
volume of this instrument is 0.005 cubic meters and the
operating weight is 23 kilograms. '
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Pyrheliometer/Spectrophoto.. ~r, Instrument 1002. The two
instruments are combined in .ne small package with a single
data output. The design is called the Solar Energy Monitor
in Space {SEMIS}. The system is optimized for accurate quan-
titative measurements. The pyrheliometer is the thermopile
type, modified from a commercialiy available design which is
used as a standard radiation detector. The range of radia-
tion detected is 0.2 uym to 5.0 um. The spectrophotometer
views solar radiation reflected from a diffuse plate, thus

no scanning of the sun is necessary. The radiation is dis-
persed by a quartz Littrow monochrometer. A beamsplitter
divides the radiation into two spectra which are detected with
a photomultipiier and lead sulfide detector. Ten minutes

is required for a scan. The spectral range is 0.25 um to

2.6 um, but by changing to sapphire optics it is expected to
go to 4 um. The operating volume of this instrument is 0.01
cubic meters and the operating weight is 10 kilograms.

Ultraviolet Occultation Spectrograph, Instrument 1011. As the
sun or a star appears to approcach the Timb of the earth, at
certain wavelengths moTecules and free radicals absorb radia-
tions. This instrument measures the absorption, so the con-
centration as a function of aititude may be calculated. The
initial value of the radiation is obtained when the sun or
star is at a distance from the 1imb. A series of spectra

are obtained with the sun or star at different distances from
the 1imb. Two configurations are used, one for stellar and
the other for solar occultation. Stars have a better con-
tinuum but the sun has a stronger signal. A Cassegrain tele-
scope Tocuses an the slit of the spectrograph. For stellar

occuitation, the telescope is large. A concave grating focuses

the spectrum on an opaque photocathode. The photoelectrons
are emitted in the direction of the incident radiation, ac-
celerated by an electric fieid, focused by a magnetic field
and impinged upon film with a thick emulsion of the type made
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for Eecording guclear particles. The spectral range 12

300 A to 2000 A. The resolution is approximately 0.4 A,

The operating volume of this instrument is 1.66 cubic meters
and the operating weight is 125 kilograms.

4.1.5 OVERVIEW, ASF MISSION TIMELINE

Operational timing of the instrument in each experiment is in-
cluded in the ED's, and graphically depicted Tor the ASF payload
in the timeline shown in figure 4.1.5-1. Although the timeline
was developed without regard to whether the mission would be polar
or low inclination orbit, global coverage from high incltination

as well as low inclination orbits is required to satisfy the ASF
experimental objectives, Since the west coast Taunch site which
is required for polar orbits will not be completed until after
1981, the early ASF flights will be flown in Tow inciination
orbits with the re~ult that not all of the experiment objectives
will be achieved on early flights. The objectives of many experi-
ments may. however, be completely achieved on orbits of low
inclination.
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4.2 PARTICLE DETECTOR SUBSATELLITE (PDS) REQUIREMENTS
4.2.1 INTRODUCTION

A subsatellite will be used as the platform on which the particle
detection instruments will be mounted. The instruments will
provide the necessary particle data in support of the experiments
being conducted by the ASF. This subsatellite will be of the

AE type. The subsatellite configuration and a description of the
subsatellite are contained in paragraph 5.2.6 of this report.
Operations of the subsatellite are contained in section 6.0,

4.2.2 REQUIREMENTS
The functional requirements of the PDS are the folliowing.
a. Meesure energy of electrons, protons and plasma potentiatls.

b. Measure energy Tevels, drift velocities, temperature, mass
and quantity of ions.

c. Measure mass of neutral particles.
d. Measure gas temperature and density,

e. Detect upper atmosphere emissions in spectral lines at
specific wavelengths and within ranges of wavelengths.

f. Measure the instantaneous components of the magnetic field
vector,

4.2.3 TINSTRUMENT SUMMARY DESCRIPTIONS

The subsatellite instrument complement required to support the
ASF experiments is 1isted in this section with ccmments on their
use. The instruments are described in Radin Science, VYolume 8,
Number 4, April, 1973, Special Issue: The Atmosphere Explorer
Satellite. Interface and performance parameters are Tisted in
tables 4.2.2-1 and 4.2.2-2.
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a. (CEP) Cylindrical Electrostatic Probe — Low energy electrons
and plasma potentials at levels from 0 to 20 eV.

b. (RPA) Planar Ion Trap — Ion drift velocities, temperature,
mass and quantity.
c. (PES) Photoelectron Spectrometer — Electrons with energy

ranges from 2 eV to 500 eV.

d. (LEID) Low Energy Ion Detector — H+, He+, and 0F with energy
levels ranging up to 10 KeV.

e. (LEE) Low Energy Electron Detector — Electrons with energy
ranges from 200 eV to 25 KeV.

f. (NACE) Neutral Mass Spectrometer — Mass values for neutral

particles from 1 to 47 amu.

g. (NATE) Neutral Atmosphere Temperature — Gas temperature
measurement using Nitrogen (Nz).

h. (HEPD) High Energy Particle Detector — Covering the ranges

of energetic electrons and protons in the range from 25
up to 10 MeV.

h. (VAE) Airglow Photometer — Detecting the upper atmosphere
emissionsoin the spectral lines at 3371, 4278,05200, 5577,
and 6300 A, and in the band from 7319 to 7330 A.

i. (CCIG) Cold Cathode Ion Gauge — Gas density measurement.

i. (MAG) Triaxial Fluxgate Magnetometer — Measure the instan-
taneous vector components of the local magnetic field.

The data obtained by the above instruments will provide all the
information concerning the particle, electron and ion, environ-
ment that is of direct concern in the analysis of the data from
the atmospheric science experiments.
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TABLE 4.2.2-1.

— INTERFACE PARAMETERS

Total Total Total

No. Name Quantity w?;g?t (322?:) 3:%:
{bps)

CEP Cylindrical Electrostatic Probe 1 1.9 5 2.2K
RPA Planar lon Trap 1 5.1 6 2.5K
PES Photoelectron Spectrometer 2 8.2 5 5.0K
LEID Low Energy lon Detector 2 12 i0 5.0K
LEE Low Energy Electron Detector 8.4 5 4.6K
NACE Neutral Mass Spectrometer 1 8.3 18 2.2K
NATE Neutral Atmosphere Temperature 1 9.2 17.5 1.5K
HEPD High Encrgy Particle Detector 2 14 6 5.0K
VAE Airglow Photometer 1 8.6 4.5 3.2K
cCIG Cold Eatg;he Ion Gauge 1 2.5 1.5 0.8K
MAG Triaxial Fluxgate Magnetometer 1 1.2 3 4K
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TABLE 4.2.2-2. — PDS PERFORMANCE PARAMETERS

Instrument

Instrument Range

Triaxial Fluxgate Magnetometer

No. Name Frequency/Spectral Energy
CEP Cylindrical Electrostatic Probe NA 0 to 20 eV
RPA Planar Ion Trap 1 to 40 amu
PES Photoelectron Spectrometer NA 2 to 500 eV
LEID | Low Energy Ton Detector H+,He+,0+ up to 10 KeV
LEE Low Energy Electron Detector 200 eV to 25 KeV
NACE | Neutral Mass Spectrometer 1 to 64 amu
NATE | Neutral Atmosphere Temperature 500 to 5000 K
HEPD } High Energy Particle Detector 25 KeV to 10 MeV
VAE Airglow Photometer 3371,4278,5208, o
£577,6300,7519-7330 A
CCIG | Cold Cathode lon Gauge 1073 to 1077 torr
‘MAG NA
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4.3 SOLAR_PHYSICS SATELLITE

4.3.1 ASF SUPPORT INSTRUMENTS ]

Solar radiatijon, both wave and particulate matter, into the
atmosphere is the prime energy input to which the atmosphere
dynamics respond. The particulate input can be measured by
instrumentation on the PDS discussed in the preceding section.
This instrumentation is needed for measuring other experimental
parameters.

In the case of electromagnetic enerqgy emanating from the sun,
however, all necessary data can be obtained from a SPS which e
is planned for late 1970's deployment. This effort, which is
being planned by the Solar Physics Working Group, has as an
objective; the detaiied investigation of solar phenomena on an
instantaneous, as well as muiti-year basis. Use of the data

from this satellite will eliminate the need for extensive solar
instrumentation on the Orbiter, leaving space and support facil-
ities for other needed instrumentation. AlT1 that is required

on the Orbiter is relatively simpie instrumentation to be used

to calibrate the data from the SPS. A Pyrheliometer/Spectrometer
(Instrument 1002), provides this capability.

4.3.2 INTERFACES

Data from the SPS can either be received and processed on the
Orbiter in real time, or recetved and processed on the ground for
subsequent correlation with other experimental data.

The sampling rate from the satellite is not critical. OQOne sample
of data at ail wavelengths each minute appears sufficient.
However, the optimum saapling rate can be found only by examiring
experimental data to determine how rapidly the chanaes occur.

The data rate depends upon the number of wavelengths and energy
intervals sampied.
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5.0 ASF SYSTEM DESCRIPTION AND INTEGRATIOR

5.1 GENERAL
5.1.%7 ASF SYSTEM ELEMENTS

The ASF System elements are the fl1ight, ground, and support
systems. The flight system consists of: (1) the instruments,
(2) the PDS, and (3) the support subsystems. For the purpose of
this study., the ASF ground system consists of: (1) the ASF pay-
load and ground support equipment, and (2) the ASF unique data
handling facility. The support systems are part of the national
space program inventory of facilities shared by all payloads.
These include: (1) the Orbiter, (2) the TDRSS, (3) the SPS,

and (4) the STS ground facilities.

Figure 5.1.71-1 shows the interrelationship among the major ASF
system elements discussed in this report during each operational
shase of the ASF flight system.

Test and integration of the ASF payload will occur at various
levels (pallet, integrated payload, and integrated Qrbiter).
The basic ASF ground support hardware and software will be
required together with simulators at each level. The ASF ground
support equipment (GSE) will be utilized at both Kennedy Space
Center (KSC) and at the western launch facility to support the
prelaunch and Taunch activities. For prelaunch support, the
ASF GSE will be integrated jnto the Orbiter Processing Facility
(OPF) and the Vertical Assembly Building (VAB). For launch
support, the ASF GSE will be integrated into the Launch Control
Center (LCC). After the payload is returned from orbit, it is
removed from the Orbiter at the OPF and is refurbished and
retested in an ASF dedicated facility. The ASF GSE will be
required to support operations during this phase.

5.1-1
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During the flight phase, the ASF payload primarily operates
automatically, sequencing the experiment and support subsystem
operations and processing the instrument data through the
onboard ASF computers. However, Orbiter vehicle and crew opera-
tions are required to support the missions. The Orbiter vehicle
will orient the payload to approximately the right direction,
providing a stable platform from which the payload pointing and
tracking system can operate, and will change the orbit to
rendezvous with Fhe subsatellite for retrieval operations. The
payload specialisc (PS) will initiate and interrupt preprogrammed
experimental sequences, check initial conditions, perform manual
operations, make decisions for off-nominal conditions, and
perform real time updat. and changes to sequences.

The ASF flight system depends upon: (1) Support of the SPS

to provide critical correlative experimental data, (2) Mission
Control Center {MCC) to provide monitoring and didgnostic
support, and (3) ASF ground facilities to provide the required
data cataloging, segregating, storage and dissemination
required for billions of bits of data. The communication 1inks
between the ASF payload onboard the Orbiter, or the SPS, and
the grourd facilities will be provided by the STDN and the
TDRSS. The communication between the ASF and the Orbiter is
provided through the attached nayload interface. Thes2 inter-
faces are shown in figure 2-1.

5.1.2 ASF SYSTEM CONFIGURATION

a. Configuration - Figure 2-1 shows the ASF flight system
configuration including the instruments onboard the QOrbiter
and the PDS.

Instrument placement in the ASF pallet-only mode study is based

on the optical sensor pointing requirements which are too severe
for the Orbiter reaction control system (RCS}, on the necessity of

5.7-3
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avoiding mutual interference between instruments, and on the
desire to keep similarly operating instruments together. The
order of the platforms in the Orbiter payload bay is dictated
by the clearances required to permit full articulation of the
pointing structures.

The instruments for the ASF mission are arrayed in the pay-

load bay in four groups, each on a separate paliet. Two pallets
are fitted with an AMPS Pointing System (APS). while the remain-
ing pallets have the instruments or facilities mounted on non-
maneuverable accommodations. The pallets are jdentified {for
the purposes of this report) numerically from the forward end

of the payload bay. The forward edge of Pallet A-1 is at
Station XO 685.5 and the aft edge of Pallet A-4 is at Station

XO 1157.5. Figure 5.1.1-2 depicts the general pallet arrange-
ment within the payload bay.

The first pallet has a steerable platform carrying instruments
213 (Laser Sounder), 532 {Gas Release Mcdule), 534 (Optical

Band Image and Photometer System), 1002 {Pyrheliometer/Spectro-
meter), 1011 {(Ultraviolet Occultation Spectrograph) and 550
(Level II Beam Diagnostic). Instrument 1002 will be used to
verify calibrations of an jdentical device on the sun-synchronous
SPS. Only one revolution should be required for data acquisition
to verify the calibration. Instrument 532 will reaquire only

one revolution for each of the types of gas to be released.
Instrument 534 will be used with the accelerator package when

it is being operated., Instrument 213 is the principal sensor

on the platform operating for as much of the time as possible.
Instrument 1011 is used on a time avajlable basis when either
the sun or a UV rich star is in the proper orijentation.

The second pallet carries the PDS. This Tocation is a compromise
between the desired forward Tocation of a light package,

5.1-4
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platform maneuvering requirements, and access by the vehicle
RMS which is required for subsatellite recovery.

The third pallet has a second steerahle platform which carries
instruments 116 (Airglow Spectrograph), 118 (Limb Scanning
Infrared Radiometer), 122 (UV-VIS-NIR Spectrometer/Photometer),
124 (Fabry-Perot Interferometer), and 126 (Infrared Interfer-
ometer). With the exception of Instrument 116, this package
will generally be pointed at the same atmospheric feature for
simultaneous data collection. Instrument 176 will be used less
frequently than the others and would have been assigned to the
first pallet/platform, if mounting space were available in that
position.

The fourth paliet contains the particle accelerators, an accel-
erator beam diagnostic, a magnetometer for pointing, instruments
303 (Electron Gun), 304 (Magnetoplasmadynamic Arc), 536 (Tri-
axial Fluxgate), and 549 (Gas Plume Release). These instruments
are assigned to the rearmost pallet because of their total
weight, so that a favorable vehicle center of gravity (CG) may be
maintained.

The APS, which is symmetrically located on the floor of pallets
A-1 and A-3 has a central column which contains the mechanism
for the deployment and retraction of the instrument modules

and which forms the axis for the coarse azimuthal rotation of
the modules. At the upper end of the central column, two
identical yokes accommodate the ASF Instrument Modules (AIM),
one on each side of the column. The yokes pivot to provide
verticai rotation of the modules and have the capability for
almost full-circle rotation. One AIM is installed in each yoke,
an provisions which allow for fine azimuthal rotation of up to
five degrees either side of the nominal. The yoke-mounting
provision is the primary interface of the AIM with the APS,

5.1-6
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Figure 5.7.1-3 depicts the concepts of the APS and the AIM,
The detailed descriptions of APS and AIM are contained in
paragraph 5.2.3 of this report.

Figure 5.1.7-4 shows the instruments installed in the stowed
condition and figure 5.1.1-5 shows the instruments in the
operational configuration.

The ASF support subsystems consist of the following:

a. Thermal, Structural and Mechanical Subsystem (TSMS).
b. Electrical Power and Distribution Subsysteﬁ (EPDS).

¢c. Pointing Control and Stabilization Subsystem (PCSS).

d. Command and Data Management Subsystem (CDMS).

The support equipment and operations required at the aft crew
station are also discussed in later sections of this report.

The ASF flight system instrument complement onboard the Orbiter
and onboard the PDS, and the support subsystems onboard the
Orbiter ave listed in tables 5.1.7-1 through 5.1.1-3. The
support subsystems onboard the PDS are the basic AE subsystems
and will not be discussed in great detail in this report.
Instruments are discussed in detail in section 4.0'and appendix
B of this report.

5.1.3 ASF SYSTEM INTERFACES

The ASF flight system interfaces are illustrated in figure
5.1.17-6. These interfaces include those within the ASF payload,
those between the ASF payload and the Orbiter, and those between
the ASF payload and other systems which are linked with the ASF

5.1-7
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TABLE 5.1.1-7. — ASF PALLET INSTRUMENT CHARACTERISTICS

a . R
Instruments/ten aty g?;%glg (:EEE%Z:) o an il hetera (Fe)
Instruments
116-Airglow Spectrograph 1 30{66) 10 8.6 Diam x 2.0 L {0.32 Dtam x 6.46 L)
118-1imb Scanning IR Radiometer* 1 3p0(662) 100 .8 Odam x 1.8 L (2.98 Diam x 5.83 L)
122-U¥-VIS-HIR Spectrometer ] 16(35} 16 6.5 » 0,2 = 0.2 {1.62 = 0.65 = 0.65)
124-Fabry-Perot Interferometer 1 45{99) 14 0.3 Diam x 0.6 L (9,97 Diam x 0,94 L)
126-1R Interferc .eter* 1 300(662) 25 0.9 Diam x 0.7 L (2.91 Diam x 2.26 L)
2'3-Laser Sounder
¢ Emitter/collimator ] 100{221) 1k 1.0 x 1.0 x 2.0 {3.23 x 3.23 = 6.46}
e Capacitor Bank 1 250(552) - 1.0 x 1.0 x 1,0 {3.23 = 3.23 » 3.23)
s Interferometer 1 50(110) 25 2.0 Diam x 1.0 L (6,46 Diam x 3.23 L)
s Electronics 1 16{33) 50 0.2 x 0.2 * 0.2 {0.65 x 0.65 = 0.65)
303-Electron Accelerator 33
+ Power Unit 1 1 45(99) 0.5 « 1.0 = 0.5 {1.62 = 3.23 = 1.62)
s Capacitor Bank 1 540{1193) ¢.5 » 3.0 = 1.6 {1.62 « 9.6% « 4.84)
s Power Unit 2 1 110{243) 1.0 x 1.0 = 0.5 {3.23 = 3.23 x 1.62}
s fAccelerator 1 41{91) 3,0 = 1.0 x 1,0 {9.69 = 3,23 = 3.23)
304-Bagnetoplasmadynamic (HPD) Arc Sk
& Power Unit {share with 303} -
e L{apacitor Bank({share with 3031} -
« Arc Generator ] 41(91) ) 2.0 x 0.3 = 0.5 {6.46 = .37 ~ §.82)
532-Gas Release Module 140 :
s Gas System 1 23{51) 1.0 x 0.5 = ©.3 {3.23 = 1.62 = 0.97)
¢ Excitation Chamber 1 2(5) 0.5 = 0.3 = 0.1 {1.62 = 0.97 = 0.32)
s lonochromator 1 11(25} 3.8 x 1.0 = 0.5 (5.82 » 3.23 » 1.62)
o Mass Filter 1 9(20; 0.5 Biam x 0.8 L (1.62 piam x 2.53 L)
s Electronics ] 3{7) 0.3 x 0.3 x 0.3 (@.97 x 0.97 = .97}
534-0ptica? Band Imager and Photometer System 2x5g0 (221}
e TV Cameras 2 2¢{ea) 0.2 x 0.2 » 1.3 {0.65 » 0.65 » &4.27)
s Photometers 2 5(ea) Within camera envelope
536-Triexial Fluxgate 1 H7) 3 0.1 % 0.1 =« 0.1 {0.32 » 0.32 x 0.32)
§4%-Gas Plume Release 1 9{20) 5 Contained within 303 envelope
550-Faraday Cup Retarding Potential Analyzer,
{RPA} Cold Plasma Probe 19
a Faraday Cup Probe 1 a{20} 0.1 = 0.1 = 0.1 {0.32 x 0.32 « 0.37}
s RPA 1 a(20) 0.2 = 0.2 x 0.2 {0.65 » 0.65 x D.65)
¢ Cald Plasma Probe 1 5{11) 0.1 = 9.1 » 0.1 {8.32 = 0.37 » 0.37}
1002 Pyrheliometer and Spectrophotameter 1 1a{22} 10 0.3 = 0.3 x 0.1 {0.97 = 0.97 = 0.32)
1011 UV Occultation Spectrograph
s Telescope i 100{221} - 1.6 Dfam x 2.0 L (3.23 biam x 6.42 L)
s Spectrograph 1 20(44) 1 1.0 % 0.3 = 0.3 {3.23 = 0.97 = 0.97}
s Sotencid 1 5(111) 100 HWithin telescope envelope
Total Instruments 2203(4858}
*Includes dewars
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TABLE 5.1.1-2., — ASF PARTICAL DETECTOR SUBSATELLITE
SYSTEM CHARACTERISTICS

Total Operating
Item Qty weight power Physical Layout
kg (1b) (Watts-Ave)
1. Cylindrical Electrostatic I 1.9 (4.2) 5
Probe (CEP) :
2. Photoelectron Spectrometer 2 2x4.1 {(18.2} 5
(PES)
3. Low Energy lon Detector 2 2%x6.0 (26.5) 10
{LEID)
4. High Energy Particle 2 2x7.0 (30.8) 6
Detector (HEPD)
5. Low Energy Clectron 2 2x4.2 (18.4) 5 See Figure 5.2.6-3
Detector {LEE)
6. Airglow Photometer (VAE) 1 8.6 (19.0) 4.5
7. Triaxial Fluxgate 1 1.2 (2.6) 3.1
Magnetometer (MAG)
8. Planar lon Trap {RPA) 1 5.1 (11.2) 6
9. Neutral Mass © - >ctrometer 1 B.3 {18.3} 18
{NACE)
10. #Neutral Atmospheric Temp. 1 8.2 (20.3) 17.5
(NATE
11. Cold Cathode Ion Gauge 1 2.5 (5.5} 1.5
Total Instruments 79.3 {175.0) 81.6
satellite Structure and -
Suppert Equipment 662.8 (1372.9) 150
Total Subsatellite 702.1 (1547.9) 231.6

et A =t g
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TABLE 5.1.1-3. — ASF SUPPORT SUBSYSTEM CHARACTERISTICS
Total Operating Unit size - meters (ft)
Ttem Qty weight power = length, W = width, D = depth
kg {1b} (Watts-fAve) diam = diameter, H = height
Thermal, Structural, Mechanical Subsystem
a. Pallet A-1
{1} Pallet Structure 1 A28 (945) - See figura 5.2.1-1
{(2) APS 1 1100 {2426) 200 See figure 5.2.1-6
{3) Boom & mechanism I 28 (62) 4 Boem - 0.079 diam x 18.0L {0.26 diam
x 59,101}
(4} Cold plate, thermai capacitor 1 set 39 (86) - See figure 5.2.1-3
b. Pallet A-2
{1} Pallet structure 1 428 {945) - See figure 5.7,1-1
(2} Subsatellite launch platform 1 10 (22) -
c. Pallet A-3
(1) Pallet Structure 1 425 (945) - See figure 5.2.1-1
{2} APS 1 1100 (2428) 200 See figure 5.2.1-6
d, Pallet A-4
(1) Pailet Structure 1 428 (945) - See figure 5.2.1-1
(2} Boom & mechanism 1 3{7 4 Soem - 0,013 diam x 20.0L (0.043 diam
x 65.6L}
{3) Cold ptate, thermal capacitor 1 set 39 (86) - See figure 5.2.1-3
e. Active thermal control loop, 1 set 108 (232) 200
pump, coglant
f. Cryogenic coolant storage and
distribution system
(1) Tank, plumbing, valves 4 4x52 [ALG) 0.76 diam (2.5 diam)
{2} Cryogen 93 {204)
g. Igloo Structure 1 65 (121} 0.95 diam x 1.5L (3.12 diam x 4,92L)
{internal)
Total TSHS 4494 (9909)
2. Electrical Power &Distribution Subsystem
a, Emergency battery {igloo) 1 78 {(172) - 0.46Lx0.37Wx0.24H (1.50L»1.20Wx0.304)
b. DC/AC inverter {igloo) 1 6 (13} 500 0.40Lx0.25Wx0. 181 (T7.371x0.824x0.49H)
c. rower control box {iglco) 1 5((11) ) 20 0.31Lx0.15Kx0. 130 {1.00Lx0, S0MxD.42H)
d. Secondary power dist. box {igloo) 1 6 {13} 10 0.37Lx0.715Wx0. 134 (1.00Lx0.604x0.42H)
e. Pallet distribution hox (pallets) 8 B8x4.5 {102) | 8x10 0.25Lx0. 1500, 13K (0,B3Lx0. 60ux{, 42K}
f. Harnesses
(1} 4/0 gauge 290 (640) - 1830 {600L)
(2; 4 gauge a0 (88) 183L (600L)
(3) 10 gauge hg (122} - 10971 (3600L}
{4) 20 gauge 41 {80) - 8,536L (28,000L)
Total EPDS 567 {1251}
3. Pointing Controt & StabilizatienSubsystem
a. Gyro reference assembly (pallet A-3) 1 30 (68) 100 0.18Lx0. 25ux0. 20 {0.59Lx0.82Wx0.566H)
b. Star tracker assembly {palletA-3) 3 3x11 {73} 75 0.60Lx0.216x0.2TH (1.97Lx0. 6%ix0.659H)
Sun sensor {paliet A-1} 1 13 {29} 10 0.15L48, 30WxC. 204 ¥n,49Lx0.99x0. 66H)
Optical alignment measuring device 1 set 12 (28) 30 0.10Lx0, 254x 0. 104 {0.33Lx0.82Hx0. 33H)
{pallet 1/pallet A-3)
e. Signal processing electranics 2 20 {44) 40 0.15Lx0.40Wx0.35H {0.49Lx1.3"Wx1. 15H)
{(pallet 1/paliet A-3)
Total PCSS 108 {239)
m 5.1-13
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TABLE 5.1.1-3. — ASF SUPPORT SUBSYSTEM CHARACTERISITCS - Concluded

Total Operating Unit size - meters (ft}
{tem Qty weight pawer = length, ¥ = width, D = depth
kg {1b}) (Watts-Ave) diam = diameter, H = height
4. Command & Bata Management, Subsystem,
Displays and Control
a. Computer (igloo) 3 3x32 (210) 3x245 0.50Lx0.26Wx03.20H {1.64Lx0.85Wx0.65H}
b. I/0 unit {igloo) 2 2x32 (140) 2x210 0.50Lx0. 26WxU. 208 {1.64Lx0.85Wx0.65H)
c. Mass mamory (igloo) i 27 (50) 35 0.46Lx0.31Wx0.24H {1.50Lx1.004x0.88}
d. CEW electronics unit (igioo) 1 4 (8) 25 0.23Lx0.13WxC. T0H (0.75Lx0, 424x0. 33H)
e. ARA electronics unit {igico) 1 4 (8) 4 0.231x0.13Wx0.10H (0. 75Lx0.424x0.33H}
f. Remote acquisition unit
(1} aft crew station 3 3x3 (20} 3x30 0.23Lx0.12x0.09H {0.71Lx0.3%x0.30H}
{2} iglao 3 3x3 (20} 3x30 0.23Lx0. 12Wx0.09H (0.71Lx0,3%UxC. 30H)
{3) pallet A-1 g 8x3 (53} 8x30 0.23Lx0.124x0.08H (0.71Lx0.39x0.30H)
{4) pallet A-2 2 2x3 (13) 2x30 0.23L.x0.72Wx03.09H (0.71Lx0.394x0.30H)
(5} pailet A-3 7 %3 (46) 7x30 0.230x0.12Wx0.09H {0.71Lx0,39x0.30H)
{6} paliet A-4 [ 6x3 (40) 6x30 0.23Lx0.124x0.094 (C.71Lx0.39Wx@.30H)
g. Tape recorder {aft craw station) 2 2x11 {50} 45 0.33Lx0.33Ux0.15k (1.08Lx1.08W:"0.49H)
h. Cathode ray tube {aft crew station) 2 2x12 (54) 2x90 0.26Wx0.19H4x0.300 {0.85kx0.62Hx0. 990}
i. Keyboard {aft crew station) ségée) 2x3 (12) 210 0.481x0.184x0.330 {1.57x0.59Hx1.080)
j. Control & display unit {aft crew ] 16 {36) 0.46Lx0.25%x0.20H {1.50L%0.83Wx0.67H)
station)
k. PSS control & display panel 3 3x36 (240) 260 0.484Wx0.53Hx0.150 {1.574x).74Hx0.490)
{aft crew station)
_Tota] COMS & DEC 458 (1010)
5. Mission Kits
a. Radjator papels 2 a7 (193) -
b. Electrical energy 2
(1) o, tank + O, 2 2x511 (2254) - 1.22 d-am {4.00 diam}
(2) B, tank + H, 2 2x198 (874) - 1.32 diam {4.33 diam)
c. OMS Kit ] 1351 (2978) -

Total — ASF Flight System

11,3689 (25,113)
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payload through the Orbiter rf communication Tink or, prior to
launch, through the T-ndiine umbilicals.

a. Payload Interfaces. The interfaces within the payload
inciude the following.

{1) The structural and mechanical interfaces for the hard-
mounted instruments and support equipment.

(2) The structural and mechanical interfaces for the APS
and the instruments mounted on the APS,.

(3) The structural and mechanical finterfaces for the booms,
the boom actuators and the instruments mounted on the
booms.

(4) The structural and mechanical interfaces for the stowed
PDS. ‘

(5) The thermal interfaces for active thermal dissipation
and for cryogenic cooling.

(6) The avionics interfaces between the instruments/support
equipment and the data and command system.

(7) The avionics interfaces between the attitude measuring
system and the APS.

(8) The interfaces between the electrical power distribu-
tion points and the instrument/support subsystems,

b. Hardware, Software and Operational Interfaces. The hardware,
software, and operational interfaces between the ASF pay-
Toad and the Orbiter include those for the following.

(1) Orbiter maneuvering.

(2) Orbiter orbit change.

(3) Subsateilite range and range rate measurements.
(4) Subsatellite retrieval using Orbiter RMS.

(5) Installation of pallets to Orbiter standard payload
attach points.

5.1-16




——— e e

(6)

(7)

(8)
(9)

(11)

(12)

(13)

Fluid 1ines to and interconnects with the T-0 umbilical
through the station Xo 33,197.8 mm {1307 in) bulkhead
service panel,

Fluid 1ines to and interconnects with the T-4 umbilical
at station Xo 21,209 mm (835 in).

Active thermal control heat exchanges interface.

Electrical power from Orbiter fuel cells through the
station Xo 17,653 mm (695 in) interfaces.

Data and command interfaces between the ASF payload
igloo and the PS and MS stations, and the Orbiter Per-
formance Monitoring System (PMS) through the station
Xo 14,630.4 mm (576 in) bulkhead service panels.

Caution and Warning (C&W) and Alarm and Advisory (A&A)
interfaces between the payload igloo and the Orbiter
C&W electronics and the PMS through the station Xo
14,630.4 mm (576 in) service panels.

Closed circuit television (CCTVY) monitor and control
interfaces between payload bay cameras and the aft
flight deck through station Xo 14,5630.4 mm (576 in)
bulkhead service panels.

Audio communication interface between the PS and
other QOrbiter crew members at the aft crew station.

¢c- ASF Flight System/STDN/TRRSS Interfaces. The interface:
between the ASF flight system and STDN or TDRSS is provided
by the Orbiter by interleaving the data presented to the
Orbiter rf communication signal processors through the
station Xo 14,630.4 mm (576 in} bulkhead service panels.
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Communication with the MCC and other mission control and data
processing facilities are provided through these interfaces.

Fluid, Avionics and Power Interfaces (%round). The fluid,
avionics and power interfaces between the ASF flight system
and the ground facilities after the ASF payload is mated
with the Orbiter are provided through the T-4 prelaunch and
T-0 Taunch umbilicals.

.4 MAJOR SYSTEMS INTEGRATINON ISSUES

PayToad. Within the payload element, the major integration
issues were as follows.

(1) How best to install all the instruments on the pallets
such as to meet the ASF experimental and operational
requirements within the known constraints.

(2) How a practical system could be developed to provide
the required pointing for the instruments.

{3) How a practical cryogenic cooling system could be
.developed for instruments 118 and 126.

(4) How payload data could be processed to the maximum
extent possible onboard.

(5) How to maximize subsatellite, and support subsystem
operations.

(6) How the payload could minimize the EMI, electro-
static buildup, and contamination generated to
allow valid experiment measurements to be made.

Payload/Orbiter/Crew. The integration issues between the
payload and the Orbiter vehicle and crew were as follows.

(1) Whether the Orbiter vehicle attitude control accuracy
would be adequate for instrument pointing.

5.1-18
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(2)

(3)

(4)

(5)

(8)

How the payload thermal dissipation could be kept
within the Orbiter Active Thermal Control Subsystem
(ATCS) capability.

Whether the EMI generated by the Orbiter could
prevent valid experiment measurements to be made.

Whether the payload specialist station (PSS) space
allocation would be adequate for ASF displays and
controls.

Whether one PS could perform the required func-
tions without overioad.

The number of PS's required to provide 24 hours/
day coverage. :
Whether the data rate handling capability of the

Orbiter communication system was adequate to handle
the onboard experiments and the deplioyed PDS.

The ASF payload failures, which could create a safety
problem, and the best way to handle these failures,.

Payload/MCC. The issues between the ASF payload and the

Mcce,
(1)

(2)

ground data handling facilities included the following.

The functions to be performed by MCC to support ASF
data processing and mission operations.

The best way to handle the large quantity of data
transmitted to the ground.

Payload/Test, Integration and Launch. The major integration
issue between the ASF payload and the test, integration and
launch base facilities was the pradticality of providing
meaningful test and calibration of these extremely sensi-
tive instruments under earth environments.

Each of the integration issues identified, which was unique

to the ASF pdayload, was evaluated to determine functional
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feasibitity (i.e., can the required function be performed?)

and as many as possible within the study constraints were [
evaluated further to determine impiementation feasibility
{(i.e., can all these functions be implemented by practical
hardware and software?). The issues of how best to install

all instruments on the pallets and how to provide an ASF
pointing system were evaluated in detail. The other issues
involving the payload elements alone were addressed oniy from

a functional feasibility standpoint. Based on existing systems
which have proven to be capable of performing the same or
similar types of functions, it was concluded that these func-
tions could be performed for the ASF payloads. The impact of
sizing and capacity will be established during the next phase
of study.

Instrument Arrangement. A number of factors were weighed
in the determinations whica resulted in the instrument arrange- N
ment depicted in figure 5.1.1-4. For each instrument, the
factors included the following. '

(1) Operating weight.

(2) Operating volume.

(3) 1Instantaneous Field-0f-View (IFOV),
(4) Pointing requirements.

(5) Scanning requirements.

(6) Temperature control requirements.

Certain instruments do not have a requirement for maneu- ‘
vering, for either pointing or stabilization. Accordingly, ' + |
those instruments were grouped to be mounted directly to a
pallet instead of on an APS. Similarly, certain instruments
must operate at a distance from the Orbiter, which dictated
mounting on the subsatellite. The two groupings can be noted
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in figure 5.1.1-4. The remaining instruments were grouped in
the four AIM units installed on Pallet A-1 and Pallet A-3.

Selection of Pallets. The selection of paliets for installa-
tion of the two APS assemblies was based on two factors.

(1) The swept volume of an AIM while it is maneuvered.

(2) The need for visibility of, and access to, the sub-
satellite during the separation and retrieval opera-
tions.

Overall Arrangement of Pallets. The overall envelope through
which an AIM unit is maneuvered precluded the use of Pallet
A-4 for an APS, for the envelope of the Orbital Maneuvering
System (OMS) kit was encroached under certain combinations

of the AIM azimuth and elevation settings. Similarly, the
maneuvering space required by the AIM units precluded Tocat-
ing the APS assembiies on adjacent pallets, i.e., A-1 and A-2,
or A-2 and A-3. These considerations alone seemed to dictate
use of the first and third pallets for installation of the
APS assemblies. The requirement for visibility of the sub-
satellite was the final determinant in Tocating the ASF
instruments since placement of the subsatellite on Pallet A-2
permitted continuous viewing of that vehicle while the RMS
was manipulated in the separation and retrieval operations.
The final arrangement, as depicted in figure 5.1.1-4, is:

Pallet A-1 - ASF Pointing System

PaTllet A-2 - Subsatellite _

Pallet A-3 - ASF Pointing System

Pallet A-4 - Non-maneuverable Instruments

Selecting Pointing System. On the issue of selecting a
practical pointing system, the Instrument Pointing System

(IPS) was evaluated due to the ground rule that Spacelab

equipment was to be used, if possible. However, several
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operational features made the use of the IPS unsuitable. The
primary objections were the necessity of decoupling the point-
ing system payload for the vehicle Taunch and recoupling after
attaining orbit and the lack of multiple pointing from the one
system. It was not considered feasible to initially hard
mount the experiment instrumentation and then attempt to
install it, either with the RMS or a special, volume consuming
apparatus on the pointing system,after the Orbiter was in
orbit, Further, the need for more than one pointing direction
for the various instrument clusters would have required more
pallet space than was available if the IPS were used. Also,
the IPS cannot be tes*ed under one g conditions due to its
gimbal suspension desiyn.

The two APS assemblies have equal capability from the stand-
points of instrument accommodation and operating precision and
accuracy. Because of this, the requirements of the individual
instruments for accuracy of pointing and tracking did not
greatly infiuence the location of instruments in one AIM or
another. A facet of the pointing requirement which did receive
consideration was that of co-alignment of instruments for
participation in the experiments. Where a high order of co-
alignment precision has been specified, the instruments have
been co-located in the same or adjacent AIM units.

The capabilities of the APS to provide accurate pointing,
tracking, and stabilization are described more fully in
paragraph 5.2.3 of this report. ‘

Overall System Considerations. In the area of the interface
between the ASF payload and the Orbiter vehicle and crew,
detailed assessments were made of most of the issues
mentioned. These are discussed in péragraphs 5.2.1 through
5.2.5. The one major issue which was not resolved was whether
the EMI generated by the Orbiter would allow meaningful
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experimental results. Preliminary assessment of instrument
susceptibility and expected Orbiter EMI background indicates
that conventional Electromagnetic Compatibitity (EMC) design
approaches should be adequate %o prevent EMI problems. (See
section 5.5). However, this issue is one which could impact
not only the ASF pallet-only mode but could raise feasibi-

Tity questions with every payload which has instruments and
equipment sensitive to high Tevels of electrical and magnetic
interference fields. Further study is planned in this area
after the sensitivities of the instruments are further defined.

In the area of interface between the ASF payload and the ground
facilities, the full functional role of the MCC and other
mission control facilities was not fully evaluated since the
approach taken for the study was to perform as much of the data
processing and mission operations onboard the payload as

was considered practical. The question of the best way to
handie the Targe amount of data handied on the ground was also
not fully addressed from an implementation standpoint and
shou]d'be further assessed during the next study phase,

The major 1issue fbr the area of interface between the ASF
payload and the test, integration and lTaunch base facilities

is one which is not unique to the ASF program, ATl payloads
which have sensitive, precision instruments with thresholds

far below the background Tevels of magnetic or electric fields,
particlie contamination, etc., created by the earth-bound
environmeht, or which cannot operate in the sea Tevel atmos-
phere, will be subject to the same test and verification
problems, Comprehensive analyses to identify the error

sources which can affect the precision and thresholds of these

instruments, and great care in selecting design to minimize

these error sources, can assure successful experimental
results,
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5.2 FLIGHT SYSTEMS

5.2.1 THERMAL, STRUCTURAL AND MECHANICAL SUBSYSTEM (TSMS)

5.2.1.1 Introduction

The objective of this phase of the study was to show the feasi-
bility of dinstalling and servicing all ASF instruments, sub-
satellite, and support equipment on multipTe ESRO furnished
equipment pallets within the operational and environmental
requirements and constraints imposed by the instruments and
support equipment.

To meet the objective it was necessary: (1) that the finstruments
be grouped according to complementary operations and other
specific experimental requirements, (2) that an IPS be developed,
(3) that boom and actuation concepts be selected, (4) that a
subsateliite retention and ejection concept be defined, and (5)
that instrument, subsatellite and support equipment installation
and Tayout design be performed.

Analyses were conducted, alternative candidate concepts were
assessed, and a baseline conceptual configuration was established.
The instrument pointing, boom and boom deployment, and sub-
satellite retention and ejection systems received greater emphasis
than did other areas since the more significant questions of
feasibility involve these areas. Also, the implementation tech-
niques for these areas differ significantly from the ERNO approach
where similar requirements apply.

5.2.1.2 Reguirements

The following functional requirements apply to the ASF TSMS.

a. Thermal Control. The subsystem will provide Tor the ASF
instruments and support equipment the capabiiities for:

5.2.1-1
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(1) active thermal dissipation, (2) passive thermal control,
(3) heating, and (4) cryogenic caoling.

The active thermal control system must have the capability
of dissipating payload thermal energy resulting from the
use of the following levels of electrical power.

(1) 5.3 kW average over the entire mission.
{2) A maximum average of 6.9 kW during any given orbit.

{3) 9.0 kW maximum fTor 15 minutes each orbit from revolutions
32 through 47.

Instruments 213, 303 and 304 impose the greatest demand on
the active thermal control system since they use the highest
level of power (1.1 kW, 5.0 kW and 5.0 kW, respectively).

The detectors for instruments 118 and 126 must be cooled to
4K and portions of the instrument housings must be cooled to
at least 77K. . Although the instruments will be designed to
be compatible with the cryogenic cooling requirements (e.g.,
the housings will be of dewar construction), the TSMS must
provide cryogen storage, distribution and gas exhaust
facilities.

Structural and Mechanical. The subsystem will provide for
the installation of 15 ASF instruments on the equipment
paliiets. 1In addition, the subsystem will provide for the
instaliation of the fb]]owing support equipment on one or
more of the pallets in the payload bay.

(1) An APS capable of pointing instruments in the desired
direction with a high degree of accuracy.

{2} One APS control electronics for each APS.

(3) An Attitude Measuring System (AMS) consisting of a gyro-
: reference assembly, three star tracker assemblies {fixed
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head), or one gimballed star tracker assemhly and a
processing electronics assembly.

(4) Autocollimators, porro prisms, optical flats and twist
sensors for precise attitude transfer between pallets.

(5) Booms and boom actuator mechanisms.
(6) Subsatellite retention, ejection mechanisms.

(7) A thermal coolant Toop pump and heat exchanger on one or
more pallets. ‘

(8) Up to 8 remote acquisition units (RAU's) per pallet.
(9) A power distribution box on each paliet.

(10) A pressurized equipment module (igioo).

Special installation requirements for instruments are included in
the ID's and include individual instrument pointing and track-
ing accuracy, and requirements for accurate co-alignment of two
or more instruments. These are summarized in table 5.2.1-1. 1In
addition, requirements exist to have one diagnostic {Instrument
550) scan particle accelerator output to determine beam charac-
teristics, and one instrument (Instrument 536) to be located

such that the influence of the Orbiter in relationship to the
earth's magnetic field is within acceptable Timits as defined

in the ID's.

No special requirements exist for installation or location of
support equipment other than AMS equipment, The gyro-reference
assembly and star tracker assembly reference axes must be aligned
within a few seconds of arc to each other and to the APS reference
axes. Optical attitude reference transfer media (porro prisms,
twist sensor and optical flats) must also be aligned within a few
seconds of arc to each other and the APS and AMS reference axes.
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TABLE 5.2.1-1.— AIM PACKAGING PARAMETERS FOR ASF

. Yy .
fron | " Shooment i “ie)t | Temperature Fov Accuracy | oalignnent
1.0 = 1.0 = 2.0 [100.0
1.0 x 1.0 = 1,0 | 250.0
213 2.0 diam x 1.0 | 50.0 Collimated e £0.1
0.2 x 0.2 x 0,2 |_15.0
Total
415.0
1A 1.0 x 0.5 x 0.3 | 23.0
0.5 x 0.3 x 0.1 2.3
532 1.8 x 1.0 x 0.5 | 11.4 5C to 35C NA t1° NA
0.5 diam x 0.8 9.1
0.3 x 0.3 x 0.3 3.0
Total
48,8
AIM
Totai
464.0
0.2 x 0,2 x 1.3
534 0.9 x 0.9 x 1.8 | 100-0 0.5° to 160° +2° HA
0.7 = 0.1 % 0,1 9.0
550 0.2 x 0.2 % 0.2 9.0 NA +0.6° NA
0.1 x 0.1 x 0 5.0
Boom 28.0
Total
51.0
50 +2.5° NA
1B 1002 0.3 x 0.3 x 0.1 ] 10.0
1011 1.0 diam x 2.0 | 100.0 0170 x 172° | t0.1°  |:0.017° (B
1.0 % 0.3 x 0.3 ]|_25.0
Total
286.0
AIM
14+ B
Total
750.0
116 0.6 diam x 2.0 30.0 1° to 5° +0.5° NA
3A '
118 0.8 diam x 1.8 |300.0% 4% to 28K 0.02° +0.5¢ +0.1°
Total
330.0
122 0.5 x 0.2 % 0.2 ] 16.0 -20C to +50C 12° £0.1° :0.017° @
B 124 0.3 x 0.5 x 0.7 | 45.0 0.1° to 3° «0.1°  |:0.017° @
126 0.9 d .7 | 300.0% .1° £0,1° +0.1°
staril crer iam x 0.7 o8- 4K to 28K 0.1 +0.1 0.1
and Gyro Total
424,0
ALY
3A + B
Total
754.0

NOTE: Instruments marked (B or are respectively coaligned with each other.

*Includes weight of-cryogenic dewar.
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The equipment will be in close proximity to instruments heing
serviced. This factor is especially critical for the high voltage,
high power converters, the cryogenic coolant systems, and the AMS.
Physical and environmental interference of instrument or other
support equipment will be minimized and those requiring active
cooling will be located on cold plates.

The subsatellite instaliation must provide for reliable separation
while providing mechanical integrity during the launch and the
reentry environments, The separation mechanism must impart a
relative rate of 20 cm/sec to the subsatellite.

The extended booms with instruments attached must be capable of
withstanding Orbiter maneuvering accelerations and decelerations
without damage. The booms must also maintain instrument attitudes
within 0.5 degrees during orbit 1imit cycling operation and during
instrument scanning operations.

Safety considerations dictate that any part of the payload which
could fail is to be securely latched or any part which could pre-
vent closure of the payload doors is to be capable of being
jettisoned.

5.2.1.3 Guidelines and Assumptions

In addition to the general guideiines and assumptions listed in
paragraph 2.3.4, the following guidelines and assumptions unique
to the TSHMS were used in this study.

a. ERNO designed, ESRO Ffurnished equipment including the equipment

pallets will be utilized to the maximum extent possible.

b, The Orbiter attitude control system will be capable of pro-
viding coarse pointing to an accuracy of within 2°.

5.2.1-5
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c. Normal Orbiter orientation during ASF missions will be the X-X
axis tilted 45° to the earth's radius vector (nose up or down)
with the payload bay forward in the direction of flight.
Attitude changes will be made from this position for specific
experiments.

5.2.1.4 Capabilities and Constraints

The following capabilities and constraints apply to the ASF TSMS.
a. Orbiter. The ATCS for the Orbiter and payload consists of:

(1) Radiators mounted on the interior of the payload bay
doors which deploy upward when the doors are open.

(2) Heat exchangers and coolant pumps provided in the Orbiter.

(3) Heat exchangers, thermal capacitors, and coolant pumps
provided on the paliets for the experiment payload. The
ATCS is available to the payload during all mission
phases, including ground operations.

The Orbiter ATCS will provide a baseline on-orbit payload heat
rejection of up to 21,500 Btu/hr (6.3 kW) with the payload bay
doors open and coolant temperatures of 7.2°C maximum to the pay-
Toad and 54.4°C returned from the payload (see table 5.2.1-2).

The on-orbit heat rejection capability can be increased to 29,000
Btu/hr (8.5 kW) by the addition of payload chargeable radiator
kits provided that the Orbiter cabin is appropriately powered
down. Coolant temperatures will be 7.2°C to the payload and

40°C returned from the payload. The ATCS will provide an ascent
(after main engine cutoff (MECO)), on-orbit, entry and post-
landing heat rejection capability of 5,200 Btu/hr (1.2 kW) with

5.2.1-6
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TABLE 5.2.1-2,— ATCS CONTROL CAPABILITY

Mission Phase

Payload Heat
Rejection
Btu/hr (kW)

Coolant Temperature
OF (Oc)

In OQut

Payload doors open

(with additional
radiator kits)

Ascent (post MECO)
in-orbit, entry and
post landing

Ground cooling

21,500 (6.3)
29,000 (8.5)

5,200 (1.2)

29,000 (8,5)

45 (7.2) {130 (54.4)
45 (7.2) | 104 (40.0)

45 (7.2) | 100 (37.8)

45 (7.2) {104 (40.0)

with four thermal (12.4)

capacitors-

15 min/3 hours

Cold plates (1.0) (10 to 30)
5.2.1-7




the payload bay doors closed and coolant temperatures of 7.2°C to
the payload and 37.8°C returned from the payload., Within 15
minutes following touchdown, ground cooling will be available to
the Orbiter; with ground cooling and with the Orbiter cabin
appropriately cooled down, the ATCS will provide a payload heat
rejection capability of 29,000 Btu/hr (8.5°kW) with the payload
bay doors closed and coolant temperatures of 7.2°C maximum to the
payload and 40°C returned from the payload.

The payload heat exchanger will be designed so that any of the
following can be selected (by the payloads) as a payload coolant:
water, Freon 21, Flutec PP50.

The payload side of the payload heat exchanger is being designed
with two coolant passages. The payload may use either or both of
these passages. Each of the payload coolant passages is being
sized for a maximum delta pressure of 6 psia with 9,072 kg/hr
(2,000 1b/hr} of Freon 21 and a maximum operating pressure of

200 psia.

b. Payload. The physical accommodation capability of a single
pallet segment is as follows: '

(1) The overall payload carrying capability of a single
pallet segment is about 3500 kg (5500 kg, multiple
pallets) (uniformly distributed over the paliet} with
a c.g. limitation between 250 mm above the paliet floor
Tine and the Orbiter bay horizontal centerline at station

ZO = 1016 cm (400 in.).

(2) A single paliet provides 36 m3

volume above the floor.

(3) The floor panel of a single pallet segment provides about
17.0 m® (183 ft?) of mounting area, which is available
for mounting payload equipment.

If the equipment exceeds the floor panel Toad capabiiity, it can
only be mounted on standard equipment hard points. Provisions

5.2.1-8
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for 24 such hard points are located on each pallet segment on the
inner surface at the intersections of the frames and Tongitudinal
members {figure 5.2.71-1).

Each hard point provides a spherical nut with 36 mm or 45 mm
diameter metric thread. They are bolted to the pallet structure
and have a dynamic T1oad carrying capability of:

X direction 28,547 N ( 6,418 1b)

0
Y, direction 18,443 N ( 4,146 1b)
Z0 direction 75,046 N (16,871 1b)

Load carrying capability is equal for all hard points regardless
of their Tocations.

The ESRO furnished ~oldplates are designed for 1 kW maximum. The
coolant temperature will be between 10°C and 32°C for a pallet-
only configuration depending on total heat load on the Toop and
the Tocation of the coldplate. The coldpiates are connected in
series.

5.2.1.5 Subsystems Description

5.2.1.5.1T Thermal Control System

The thermal control system consists of: (1) an active thermal
control, (2) a passive thermal control, and (3) instrument
cryogenic cooling systems.

5.2,1.5.1.1 Active Thermal Control Subsystem (ATCS)

a. Cooling. The present instrument definition is nut refined to
the point that exact heating or cooling regquirements can be
defined. Some instrument designs may use direct radiation to
space for cooling, others may have minimal cooling require-
ments such that heat may be directly couplied into the pallet

5.2.1-92
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structure. For those requiring significant thermal dissipa-
tion, the ATCS may be used. The Orbiter ATCS will include a
heat exchanger to allow transfer of payload thermal energy to
the Orhiter system.

Fluid circulation through the payload side of the heat ex-
changer will be provided by a pump kit chargeabie to the
payload (figure 5.2.1-2). The freon coolant loop is designed
to accommodate up to eight cold plates and up to four thermal
capacitors to take up peak heat loads. The cold plates and
thermal capacitors used for ASF missions will be those fur-
nished by ESRO for Spacelab.

The cold plates are mounted to the pallet floor panels as
shown in figure 5.2.1-3. These panels fit the 4€° section of
the pallet. It is thus possible to mount all eight cold
plates on one pallet segment or to distribute them over
several pallet segments in (TBD) configuration. Since the
coolant loop plumbing can be changed at the integration site,
it is in principle also possible to mount cold plates in
other positions. Isolators are used to thermally isolate
cold plates from the pallet panels. All cold plates are
connected in series.

Thermal capacitors can be mounted to cold plates to accomo-
date peak heat loads. It is not necessary, however, to mount
peak load generating equipment directly to a thermal capac-
itor. The thermal capacitor can also be mounted to a dif-
ferent cold plate in the coolant loop. The size of a thermal
capacitor is 750 x 500 x 52 mm. The capacitors are designed
to accommodate the maximum permissible peak heat load of

12.4 kW for 15 minutes every three hours when all four are
used.
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AS INDICATED, COLD PLATES MOUNT
I ONLY ON THE 48° SECTIONS. A MAXI-

MUM OF 8 COLD PLATE INSERT PANELS
WILL BE PROVIDED INCLUDING MULTIPLE
PALLET CONFIGURATIONS.

BOLTS GO THROUGH MATCHING HOLES
IN COLD PLATE, THERMAL CAPACITOR AND
STAND-OFF AND SCREW INTO THE PALLET PANEL.

ELECTRONICS
THERMAL CAPACITOR

COLD PLATE

THERMAL
ISOLATOR

COLD PLATE

11 x 7 ROWS
75 HOLES TOTAL

COLD PLATE MOUNTING

] Figure 5.2.1-3. — Pallet cooling.
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Cold plates and thermal capacitors provide the same standard
mounting hole pattern as the pallet panels. Payload equipment
are mounted to the pallet and cold plates (and thermal capaci-
tor if used) with titanium bolts with isolating washers to
1imit heat transfer to the pallet panels.

Thermal contact is established in the area around the boits.
Tha design provides heat transfer capability of 13 W/°C per
bolt with a conductance of 1 W/°C. The maximum capability per
cold plate is 1 kW.

The mechanical load carrying capability of cold plates is
limited by the load carrying capability of the pallet panels.

b. Heating. Some of the ASF instruments and subsystem equipment
may require controlled heating to maintain temperatures above
the structure to which they are attached or above the ambient
payload bay environment. Each instrument or equipment requir-
ing heating will provide it internal to its package using
conventional techniques (thermistor bridges, proportional or
pulsed drivers, wound wire heating element). The power
required for these circuits are included in the individual
equipment allocations.

5.2.1.5.1.2 Passive thermal control

Passive thermal control may be necessary to minimize temperature
extremes of the pallet structure. Control technigues include
thermal coatings, high performance insulation (HPI) blankets and
thermal isolation between pallet-mounted equipment and pallet
structure. When heat transfer to the pallet is desirable, equip-
ment can be mounted directly to the structure, resulting in the
equipment following closely the pallet structure temperature.

5.2.1-14
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The thermal covers for the top surfaces of the pailet are flat HPI
blankets the same size as the pallet structural panels. They are
designed to be easily installed and removed so that the amount of
exposed surface may be varied from mission to mission.

5.2:1.5.1.3 Cryogenic: cooling system.

Two sensors, the Limb Scanning Infrared Radiometer (Instrument 118)
and the Infrared Interferometer (Instrument 126), require cryogenic
cooling of the instrument and optical telescopes. Specific heat
loads are not defined at this time and further development will be
required before a systems analysis can be performed. However,

the requirement to cool large optical telescopes in the range of

60 to 100 cm diameter and the complete instrument housing rules

out the feasibility of using state-of-the-art closed lToop refriger-
ant systems at the required temperature of 4K. Therefore, looking
only at the detector array heat load and estimating this to be in
the order of 2 watts, a supercritical helium cryogenic system will
suffice for these sensors. The 0.83 m (33") diameter, 74.8 kg

(165 1b.) storage tank system used on the Apollo program for the
lunar module (LM) vehicle will provide an adequate supply of

helium if expanded through a joule Thompson expander to provide

the 4 K temperature.

Multiples of these tankage systems could provide the additional
cooling capacity for the instrument enclosure and optical tele-
scopes. Liquid nitrogen or solid Ne may be better cryogens for
the 77K and 20K temperatures of the telescopes and enclosures.
However, these could be stored in the available tankage designs.

5.2.1.5.2 Structural/Mechanical System

The structural/mechanical system consists of the following
standard items which will be supplied by ESRO:

a, Pallets.

b. Pallet panels with threaded inserts as required.

5.2:1=15
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C. Co]d p]ates with standard mounting holes for sensors.

- od. Therma] capacitors.

e.  Hard point mounting prov1s1ons for 1arge 1nstruments, cryogenic

storage systems, and APS as requ1red

. Ig]nq.

In addition to the ESRQO items, the following items are included

- in the structural/mechanical -system:

“a. The APS and its truss structural mount.

~d. A1l auxiliary brackets and mounting provisions plus restraint

~The structural. and mechanical .configuration of pallets A-T.and .. . . oo

b. The satellite mounting and deployment system.

¢. The booms and boom mounting system.

systems as required to provide structural inteagrity to the
~system.

The pallet cross section is U-shaped and of aeronautic-type con-

.struction. It provides for hard points.for mounting heavy
gexperiments and a 1arge panel surface area to accommodate Tighter

payload e]ements. Pa11et segments are modular (3 m nom1na| 1ength)
f“and can ‘be’ f]own 1ndependent1y or 1nterconnected ‘As many as -
‘three pallets can,be-1nterconnectedfandvsupported by -one set of
~retention fittings.

The pallet structure accommodates exper1ment and equ1pment for

the pallet is shown in figure 5.2.71-4, - The pallet provides mount—

cing. Support for the exper1ments either directly. on the 1nner sk1n_ﬂp
panels, or as mission- dependent equipment through spec1f1c hard R
“points for better d1spers1on of concentrated 1oads SRR

5.2.7.5.2.1 Pallets A-1 and A-3

..5.2.1-16 ”
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A-3 are similar. Each has an APS mounted to the basic structure
to provide precision pointing for the ASF instruments. The
instruments installed on the APS are contained in AIM's to pro-
vide a convenient integrated package which can be gimbalied
about two axes as shown in figqure 5.2.1-5. Each APS is com-
prised of two AIM's, independently controlled. Table 5.2.1-3

1ists the instruments contained in each AIM for each of the APS's.

Other equipment instalied on pallets A-1 and A-3 are as follows.

a.

et

P

Pallet A-1

(1) Four experiment RAU's.

{(2) Four subsystem RAU's.

(3) Sun Sensor.

(4) APS control electronics.

(5) Boom and boom actuation mechanisms.

(6) Power distribution box.

(7) 0p£icé1 alignment transfer devices.

Fa1let A-3

(1) Four experiment RAU's.

(2) Three subsystem RAU's.

(3) Porro prisms and optical flats for attitude reference
transfer from the AMS on pallet A-1.

(4) APS control electronics.

(5) Power distribution box.

(6) Attitude measuring system including a gyro reference

assembly, 3 star tracker assemblies, AMS processing
electronics, and optical sensors for attitude reference
transfer.

AMPS Pointing System. Each APS consists of two pointing
platforms each mounted on a separate paliet as shown in
figures 5.1.1-3, 5.1.1-4, 5.1.1-5 and 5.2.1-6. These may

5.2.1-18
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TABLE 5,2,1-3,— SCIENTIFIC INSTRUMENT LOCATIONS

APS 1 (Pallet A-1)

AIM 1A

213 - Laser Sounder

532 - Gas Release Module

AIM 1B

1011 - Ultraviolet Occulation Spectrograph

534 - Optical Band Imager and Photometer
System

1002 - Pryheliometer/Spectrophotometer

550 - Level II Diagnostics (on boom)

APS 3 (Pallet A-3)

AIM 3A

116 - Airglow Spectrograph

118 - Limb Scanning Infrared
Radiometer

AIM 3B

122 - Ultraviolet-Visikle-Near IR
Spectrometer

124 - Fabry-Perot Interferometer

126 - Infrared Interferometer

5.2.1-20
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cperate independently or in unison with each other. In
addition, each of the two AIM's on each platform may operate
at different pitch angles to one another and may point within
10 degrees of one another in yaw. Al11 four AIM's are of the
same size, therefore instruments may be interchanged as
pointing requirements change.

The primary characteristics that dictate the instrument group-
ing are the instruments' weight, envelope, FOV, pointing
accuracy, scanning requirements, and temperature control.
These are tabulated in table 5.2.1-1. The AIM's housing

these instruments provide thermal control, and contamina-

tion and acoustic protection. End covers are remotely
operated to provide protection against contamination of optics
and sensors. Each heated AIM is Tined with multilayer
aluminized kapton insulation. Heaters to maintain instrument
temperatures to within £2° C are mounted to the inner surface
of the blankets. For those instruments requiring cooling,
cold plates are mounted to the inner side of the AIM's. These
in turn interface with the payload bay heat exchanger fluid
loop (figure 5.2.1.7). The exterior surfaces of the AIM's

are finished according to the thermal control desired. The
coolant 1ines pass through the gimbals before interfacing with
the payload bay heat exchanger fluid loop.

The experiment AIM's are attached to the yoke which provides
the interface to the APS (figure 5.2,1-8). The yoke will
accept AIM's of variable Tength and width. However, at the
present all AIM's are 1 x 2 x 3 meters (3.28 x 6.56 x 9.84
feet). Lugs are provided to accept takeoff and Tanding
restraint Tatches. The AIM's, with their associated sensors,
are attached to the frame. FEach of the tuo yokes are

attached to the up~-down (pitch) Fine pointing drive. The two

drives allow each AIM to be pointed independently of each
other from 0 to 90° 9n pitch orientation with an accuracy

5.2.1-22
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potential better than one arc second, This capability would
require sensors with greater accuracy than those ptanned for
ASF. The two yokes revolve as a unit about the axis of the
deploy-~retract column to provide a coarse pointing maneuver-
ability of 180° and an accuracy of six arc minutes. The slew
rate of the combined gimbal system is 2 degrees/second.

The deploy-retract system eluvates (figure 5.2.1-9) the
telescoping central column through a ball screw jack from the
stowed position to the fully extended position 2.15 meters
(7.05 ft) high. This position allows the AIN's to be slewed
within the gimbal envelope without Orbiter dimensional inter-
ference. Microswitches indicate full extension and retrac-
tion of the column. In the retracted position, eight solenoid
actuated mechanical Tatches between the yoke and pallet mount
prevent motion. Individual microswitches indicate latch
position. In the event a latch fails in the extended position
(gimbal frame lTocked) the individual latch may be separated
with an explosive squib. Conversely, if one Tatch fails in
the retracted position, two of the four are sufficieiic to
enable the AIM to survive landing loads.

Direct drive brushless “pancake" dc torque motors are selected
for the fine pointing gimbals because of their inherent
frictionless characteristic and reliability. Brush type
motors are selected for coarse pointing because of their high

taorque/weight and volumetric efficiency.

The total weight of the entire pointing system, not incliuding

instruments, is 1,100 kg (2,420 Ths). Fach platform is capable

of mounting two AIM's with instruments weighing 465 kg

(1025 1b) per AIM.
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In the event a malfunction occurs in the pointing system which
prevents the column from being retracted and/or Tocked in the
landing position, the column may he separated from the mount-
ing structure with explosive bolts and ejected from the pay-
load bay through a spring mechanism.

The following three modes of operation are possible with the
APS.

(1) The AIM's may be pointed using acquisijtion and fine
tracking sun or star trackers,

(2) A preprogrammed subroutine may be initiated in the igloo
payload computer through a PS keyboard entry. This
is typically used to drive the APS in performing a

raster scan utilizing the boom mounted Level II Diagnostics

(Instrument 550).

(3) A two-axis displacement *joystick" provides a manual
fine pointing capability. The attitude of the APS will
be displayed on the cathode ray tube (CRT) at the
pPSsS.

Instrument 550 Boom. Instrument 550 {(Faraday cup, retarding
potential analyzer, cold plasma probe) is installed on a
furlable boom which is attached to the AIM 1B as shown 1in
figure 5.2.1-10. The purpose of this boom is to allow the
instrument to measure the particle energies and the exhaust
beam plasma potential to establish Instrument 303 beam
characteristics. These data will be used to support experi-
ments using Instrument 303, In use, after the boom is ex-

‘tended, Instrument 550 is positioned by the APS at the desired

elevation above the particle accelerator. Initiation of a
preprogrammed subroutine accomplishes a raster scan of the
accelerator beam field by yawing of the APS while the boom is
extended or retracted to maintain the desired elevation.

h.2.1-27
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The instrument must be capable of heing compietely removed
from the acceleratar heam except when calibration is being
performed. Also the structure used to mount Instrument 5560
must have minimum impact on accelerated particlie beam
characteristics.

The Storable Tubular Extendable Member (STEM) design has been
selected for the ASF application. The STEM is a thin strip of
metal heat treated into a circular overlapped cross section
(figure 5.2.1-11). The bending strength of a STEM element is
almost equivalent to that of a seamless tube to the same
diameter and wall thickness. The element is stored on a drum
by a flattening and rolling process, and very long lengths of
tubular structure may be extended or retracted by rotating

the drum in the appropriate direction.

A further development of this principle is a mechanism that
employs two diametrically opposed "underlapped" elements as
shown in figure 5.2.1-12. These BI-STEM elements are stored
on two drums instead of one. This configuration offers
several advantages over the STEM; the natural tendency of the
STEM to warp because of the high compressive stresses built
in during fabrication is eiiminéted and two drums instead of

one allows a more compact deployment package (fFigure 5.2.1-13).

The perforated BI-STEM boom is fabricated from precision
rolled beryliium copper chosen for its excelient heat transfer
characteristic combined with high strength-to-weight ratio.
For Instrument 550, the 0.036 cm {.014") thick x 22.1 em
(8.7") wide strip is rolled and heat treated to form a 7.92 cm
(3.12") diameter x 18 meZers (59 ft) long tube. The tubes

are then flattened back into strips and wound on spools for
maximum compactness.

The geometric and thermal configuration controls the rate of
absorption of heat on opposite sides of the boom, thus pro-
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Figure 5.2.1-13. — STEM/BI-STEM element
deployment comparison.

Figure 5.2.1-14. — Chemically milled strip.
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ducing equal thermal expansions on opposite walls and ayoid-
ing thermal bending. A unique perforation pattern produced
by chemical milling allows a selected amount of solar
radiation to pass through the near wall of the boom and
impinge on the far wall. This produces the same proportion-
ality of inside to outside exposure for all incident angles
of the sun. The perforation pattern consists of small
circular holes arranged in a double helix pattern (figure
5.2.1-14). The ratio of absorptivities (outside to inside)
is equal to the fractional area of wall cut out for windows.
Polished silver plating is used on the outside while a black
oxide coating is used on the inside.

The deployment mechanism provides a positive drive for both
extension and retraction and contains a simple mechanism for
joining the seams. A position potentiometer allows the boom
for Instrument 550 to be precisely extended during raster
scanning (figure 5.2.1-10). The wire harness is simultane-
ously depToyed or retracted through the center of the boom.
The combined weight of boom plus deployer is 28 kg (61.7 1b)
Tor Instrument 550.

In the event the boom cannot be retracted, an explosive device

is used to separate and eject the boom and allow closure of
the payload bay doors.

Perforated BI-STEMS, similar to the one previously described,
have been manufactured and successfully flown on various

spacecraft by several aerospace firms. Therefore minimal time

and effort are necessary to produce a f]ight—quaiifﬁed unit
meeting the desired specifications.

=,
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5.2.1.5.2.2 Pallet A-2

The PDS, which is deployed soon after mission orbit is achieved,
is installed on Pallet A-2. In support of the,subsatel]ite, the

5.2.1-32
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following equipment are also mounted on Pafﬁet A-2.
a. Experiment RAU.

b. Subsystem RAU.

¢. Power distribution box.

d. Deployment mechanisms.

e. Latch/unTatch mechanisms.

The following discussion is limited to the mounting, deployment,
and Tatch/unlatch mechanisms Tor the subsatellite. The sub- 3
satellite is discussed in section 5.2.6 and the other equipment

installed on Pallet A-2 are discussed in their respective sections.

Since the subsatellite is to be reused it is imperative that the
deploy/vretrievai/retention operations present a minimal possi-
bility of damaging the subsatellite. Therefore, the subsatellite
mount and grab ring must be designed with this objective in mind.
Also, the retrieval operation must be as simple and foolproof as
possible to prevent damage to adjacent structures by the sub-
sateliite and remote manipulator arm while allowing retrieval to
be accomplished in a minimum time period.

The configuration of a coliet containing a cold gas velocity
separation device is depicted in figures 5.2.1-15 and 5.2.1-16.
The mechanism carries the tensile load of the subsatellite in the
Tocked position. When the system is "armed" an explosive squid
shears out a metal slug in the isolation valve and admits

25.8 x 10° N/m® (3750 psig) BN, to the inlet of the pilot valve.
Energizing the "eject" switch fires the electrical harness

guillotine and separatés the wiring which was used to power and

monitor the subsatellite. One hundred milliseconds lTater, gas
pressure is introduced into the cylinder bere through the ener- .
gized solenoid actuated pilot valve, causing the piston to move
toward the collet and allowing the collet fingers to spring
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inward due to their stored strain energy. The piston continues
forward until it contects the surface of the subsatellite where
further expansion of the trapped gas causes the subsatellite to
separate at the required velocity of 20 cm/sec. The subsateliite
grab collar continues on teflon guide rails until free of the
mount. The rails assure Tiftoff in a precise direction. The vent
hole uncovered by the piston allows the trapped gas to escape.

During retrieval, the subsatellite grab collar is grasped with the
remote manipuiator claw and positioned on the mount cone. The
tapered mount cone assists in maneuvering the subsatellite to the
proper location on the paliet. When the three sensors at the top
of the mount are simultaneously contacted, the grab cone is fuT]y
seated on the mount. Gas is then automatically admitted to the
retract side of the piston through the solenoid pilot valve,
retracting the collet piston and expanding the collet fingers,
thereby Tocking the subsatelTite on the mount. A.micro-switch
indicates piston positions assuring that the piston is fully
retracted and the collet Tocked.

5.2.1.5.2.3 Paliet A-4

Pallet A-4 is utilized to mount the Electron Accelerator {(Instru-
ment 303), MPD Arc (Instrument 304), Triaxial Fluxgate (Instru-
ment 536), and the Gas Plume Release (Instrument 549}.

In addition to the instruments, the following support equipment
are installed on Pallet A-4.

a. Four experiment RAU's.
b. Two subsystem RAU's.
¢. Power distribution box.

d. Boom and boom actuator mechanism.

Instruments 303 and 304 are hard mounted to the pallet. Since
these instruments are high power users (5 kW, average) provisions
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will be made to install these instruments on cold plates and on
thermal capacitors.

The Gas Piume Release (Instrument 549) is located internal to the
Electron Accelerator and is used for the determination of accel-
erator-produced electron and jon beam flux densities and emergence
angles by means of optical observations of the excitation of the
released gas.

In order to map the earth's magnetic field it is necessary to
extend the Triaxial Fluxgate (Instrument 536) a sufficient dis-
tance from the Orbiter to negate the magnetic interference of the
vehicle. A furlable boom is used to accomplish this task. The
boom is hard mounted to allow deplioyment at a 45° angle from the
Orbiter Z axis in the Y-~Z plane as shown in figure 5.2.1-10.

The basic design of the boom for Instrument 536 is similar to that
described in paragraph 5.2.1.5.2.1 for Instrument 550. The boom
for Instrument 536 utilizes the same BI-STEM technique and
material (beryllium copper)., The material is 0.005 cm (0.002")
thick x 3.56 cm (1.4") wide and forms a 1.27 cm (0.5") diameter

x 20 meters (66 ft) long tube. The combined weight of the boom
and deployment mechanism is 2.4 kg (5.3 1b).

Automatic Timit switches indicate full extension and retraction of
the boom., As with the boom for Instrument 550, explosive devices
are used to separate and eject the boom if the retraction
mechanism fails.

5.2.1,5.2,4 1Igloo

The igloo is a pressurized vessel containing support equipment Tor
experiments on pallet-only mode Spacelab missions. It is being

1Spac91ab Payload Accommodations Handbook. ESTEC SLP/2104,
May 1975,
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developed by the ERNO consortium under the direction of ESRO/ESTEC
with the intent that it also be provided as a standard off-the-
shelf module for other pallet-oniy mode users.

The igloo provides a convenient centralized location for those
equipmént which must service all of the pallet-mounted instru-
ments. It is mounted off the edge of the front pallet, therefore
does not take up pallet space required by the instruments. It
also provides a pressurized environment for laboratory type equip-
ment not designed to operate in vacuum. Most, if not all,
interfaces between the paliet-mounted equipment and the Orbiter
interfaces at station Xo 14,630.4 mm (576 in) will be provided
through the igloo.

For ASF mission applications, the following CDMS and EPDS equip-
ment will be mounted within the igloo for the pallet-only mode:

a. CDMS equipment.
(1) 3 computers.
(2) 2 Input/Qutput {I/0) units.
(3) 1 mass memory.
(4) 3 subsystems RAU's.
(5) 1 payload C&W 1ogic.e1ectronics.
(6) 1 experiment A&A electronics.
b. EPDS equipment.
(1) Experiment inverters.
(2) 1 emergency battery.
{(3) 1 power control box.

(4) 1 secondary power distribution box.

The design of the igloo is such that no changes are necessary for
ASF missions. MNecessary wiring and ducting are permanently

~installed and the built-in environmental control system will
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provide an enyironment of 15 to 30°C with a heat rejection capa-
bility of 1.5 kW (5,115 Btu/hr).

Connectors for power supply and data lines are prdvided at the
removable bulkhead.

The usable volume for equipment accommodation is approximately
0.7 cu. m. (20.6 cu ft) and equipment weights up fo 290 kg

(641 1b) can be accommodated. The equipment will be mounted on
platforms which are adjustable in their relative position to
accommodate various sizes of equipment.

5.2.7.6 Analyses and Trade Studies

5.2.1.6.1 AMPS Pointing System

Several different concepts were investigated for pointing plat-
forms. Among these was th2 ERNO IPS utilizing ring gimbal versus
inside out and suspended coantrol moment gyro controlled platforms
(figure 5.2.1-17), the Ball Brothers, Small Instrument Pointing
System (SIPS) was used only for the purpose of establiishing con-
ceptual feasibility, mainly because of its versatility. Other
systems available in the time frame for ASF missions (1981) will
be considered during subsequent phases.

Instruments contained within AIM 1A may be pointed at different
elevation angles to those contained within AIM 1B. 1In addition,
APS T (AIfi's 1A and 1B) may be po1nted 1ndependent of APS 3
(AIM's 3A and 3B). The variety of pointing choices between
instruments 1s obvious using this method., Also since the AIM
modules are of the same size, instruments may be interchanged as
requirements vary. Figure 5.1.1-5 shows the wide range aof
pointing which can be accomp11shed with the AIN's.
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Figure 5.2.1-17. — Candidate pointing platform study concepts.
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5.2.1.6.2 Booms

The BI-STEM boom configuration was chosen over the Quasi-Biconvex,
fiberglass coilable Tattice, and articulated lattice hecause of
its inherent thermal bending stability. One of the design
requirements is a static deflection angle of less than 0.5 degree
to allow determination of the position of the Instrument 550
through the interrogation of the attitude of the boom base.

Solar radiation on one side of the boom combined with the deep
space view on the other creates a severe differential thermal
bending problem. The geometric and thermal configuration of the
perforated BI-STEM allows solar radiation to pass through the near
wall of the boom and impinge on the far wall thus producing equal
thermal expansion of opposite walls and avoidance of thermal
bending. Table 5.2.71-4 compares candidate materials.

The boom payload {Instrument 550) will deviate from jts theoreti-
cal position while being scanned because of the acceleration force
imposed on it. If the error angle is Timited to 0.5 degree, the
actual position of Instrument 550 may differ 15.7 cm (6.2") from
the position measured by the pointing platform (APS)., In a
weightless environment the acceleration causing this force and
thus the deflection is 0.152 m/sec?, 0.5 ft/sec’.

The scan period is defined as the time to traverse the maximum
accelerawvor beam field. The boum is accelerated at the maximum
rate which will not exceed the 0.5 degree allowable deviation
error to a pbint midway across the 10 meter scan field where it
will then be decelerated at the same rate to zero for the com-
pietion of one scan Tine. The total traverse time for one scan
Tine is found to be 29.6 sec. Therefore, the beam may bé
accurately scanned in either of two methods:

a. Since acceleration is theoretically constant, def1ectioh is

constant and may be calibrated out.

b. The boom may be positioned and the accelerator discharged.
The boom is then moved to a new position and the acceleratar
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TABLE 5.2.1-4,— BOOM CANDIDATE MATERIALS

Materials Yield Strength/ | Yield Strength/ | Thermal Thermal Magnetic
Densit_y3 @ 70°F | Density @ 400°F | Conductivity BTU { Expansion
in X 10 in X 10 in/Ft3 -Hr°F (in/in°F)X10-0
BerylTium (605) (537} (750) (9.3) No
Copper 25
Stainless Steel.
17-7 PH (656) (585) (146) (9.5) Yes
PH15-7Mo (710) (656) (146) (8.5) Yes
Maraging Steel {1003} (865) (138) (5.6) Yes
300 :
Titanium (938) (812) (50) (4.9) No
Ti-6AT4V :
Inconel-X (419) (386) (83) (7.0) No
ATuminum '
- 7075-76 (660) (300) (1580) (13.1) No
o~ = “—‘—— o® o
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again discharged. This will provide a dot matrix rather
than a line matrix.

No time period has been allowed for a boom settling-out period
because of the unknown damping characteristics of the boom.

o

~i-

The curvature of the boom is found by writing an expression for
the strain energy due to bending and thermal gradients and finding
the curvature required to make it a minimum.

Assumptians:

(1) Window pattern distributes radiation to back side of boom
regardless of orientation.
(2) Axial temperature variation along boom surface is < 10°F at
any instant.
(3) 1Inside surface coating reflects diffusely.
(4) Conductivity along seam is same as elsewhere.
1 _ erds (1-A ) ( .
= = === (]- ¢ -A a.) sin @
RS 2K W o w i
where:
RS = radius of curvature due to solar irradiation
e = coefficient of thermal expansion
r = radius of boom
d, = solar radiation flux
K' = effective conductivity of boom considering effect
of hole pattern
t = strip thickness
Aw = fractional window area of holes
a, = solar absorptivity of outer surface
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solar absorptivity of inner surface.

D
I

angle between boom axis and solar flux.

If a perforation or window area is chosen such that

o .
Aw = Eg then thermal bending can be eliminated.
i

[=)

o, for outer surface 8 percent for polished silver.

o. for inner surface

; 95 percent for flat black

then Aw = 8 percent. &

But, assume half the radiation passes through holes in
the backside of the boom,

then Aw = 16 percent.

Test results have shown actual thermal bending to be
very close to theoretical calculations, especially if 4
degradation of the silver plating is accounted for.

5.2.1.6.3 Subsatellite Separation

The devices normally used for separation inciude linear explosives

(ftat lTinear shaped charge, mild detonating fuse, primer cord, and
various encapsulated designs), explosive bolts and nuts, V-band

clamps, ball Tocks, pin pullers, and cable cutters. The devices
normally used to perform an ejection function and/or obtain <
separation velocity include springs, thrusters, retro-rockets,

and hot or cold gas systems. A ltimited evaluation of the advan- ,
tages and disadvantages of these candidate systems as related to -
the subsatellite mount requirements is presented in table 5.2.1-5,

The selection of separation devices quickly narrows down to the
ball-Tock and the collet mechanisms which are the only mechanisms

which can be reused. The obvious advantage is the combination of
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TABLE 5.2.1-5,— SEPARATION AND EJECTION DEVICES
Separation Davices Ejection Bevices
Linear CE?EZL?Ed Explosive | Ball ¥- Pin Cable Collet gﬁfé Cogg?zned

Explosive | Explosive | Bolts/Huts | Lock | Band |Pullep| Cutter [Mechanism |Springs | Thruster | Rockets | Gas Gas
Load capability E G E G E G G E - - - - -
Uniform Joad E E G & £ P P G - - - . -
Winimum shock P P 6 E E P g E P G £ £ E
Kinimua impulse P P P 3 E E E. E - - - - _
Minimum tipoff p ¢ G E G E E E 6 p G E E
g?ozuntamina- p E 6 E E E E E E G g G E
Ho debris p E G 3 @ E E E E g P £ B
taintainapility p P G E E G G 4 E p P P G
‘Reusability P [ e E 3 P P E E P P P G
Safety p P G E E E E E E P P p [
High & G E E E E P E E P E 6 G
reliability
Hinimum welight p P E G G E G & p B E 8 8
Minimum volume G G E G G G E G p p E G G
Survival of P P G E G 6 E [ P p G
temp extremes
Suryival of P P 6 £ £ E E 3 E P G 5 G

| radiation
Hinimum aY - - - - - - - - E E E E
Predictable AV - - - - - - - - p p E E
" Hloter E = Excellent
G = Good
= Poor

B
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separation and retrieval/retention mechanisms in one unit. Of
these two, the collet offers the higher load bhearing capability.
This factor is significant in that only one mechanism in the
center of the mount is necessary for separation/retention.

Selecticn of an ejection device eliminated thruster, rockets, and
expelled hot/cold gas because of debris and contaminaticon. Con-
tained cold gas was chosen over a spring because of the spring's
higher weight and shock characteristics and Tesser AV predict-
abitity. Furthermore, a device to retract the spring prior to
retrieval would be necessary with this concept.

The fingers . ¢ the collet are analyzed as a cantilevered beam with
an initial deflection and an axial load equivalent to controlled
crash conditions.

The equation for the total stress for a trapezoidal finger cross
section is found to be:

Stota? - Saxia] * Sinitial
| [ WG ]
= - - in )
Stota] wt(Do t 0.019 in)
. T 3 3
L |sEs 2 5’”(5) (Ro - Ry )_ 2. cos T
o .
LL o R 2 . R.Z 1 n
3(?1—) 0 1
where
W = wejght of the satellite
G = crash "G" load in +X direction = 9
D, = outside diameter = 2.54 cm (1")
Di = jnside diameter = 2.22 cm (0.875")
E = modulus of elasticity = 19.3 x 10'0 n/M% (28 x 10° psi)
n = number of fingers = 8
5.2.1-46
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finger length = 5.08 cm (2")

w
1l

initial finger deflection = 0.254 cm (0.100")

The stress analysis of the colliet fingers for a 6,124 kg (13,500
pound) load shows a stress of 7.5 X 108 N/M2 (108 kpsi). Using
4340 steel with ultimate strength 12.6 x 108 N/M2 (182 kpsi}),
the margin of safety is:

This margin of safety is more than adequate considering the fact
that the finger was analyzed as a perfect cantilever neglecting
the effect eof the collar.

The collet mechanism, compressed gas and actuator are analyzed in
three steps:

a. Isentropic expansion of gas after pilot valve actuation.

b. Unlocking callet mechanism (initial 0.635 cm (0.250")
movement of piston}).

c. Power stroke (continued movement of piston against satellite
surface).

The subcritical mass flow of a perfect gas is:

5.2.1-47
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where:

A = piston area - 5.08 cm? (0.785 in?)

V. = tank valume - 0.0018 m3, D =15.2¢cm (113 in®, D=6")
P. = tank pressure - 2.58 X 106 N/M2 (3750'psig)

w = gas mass flow-gram/sec (pounds/sec)

K = gas constant

The pistbn velocity using the imrulse-momentum relationship is:

7 - PrAAt + I0
P M

where
At = time for satellite separation, sec
I0 = initial impuise of piston, N sec {pound seg)
Ms. = satellite mass, kg (siugs)
Pr = pressure at release conditions, N/M2 (pounds/inchz)
Vp = ye]ocity of piston, m/sec (ft/sec)

The pneumatic analysis shows that operating from a 25.8 x 106
N/M2 (3750 psi), 12.5 cm (6") diameter sphere, the desired
separation velocity of 20 cm/sec is achieved.

Adequate GN2 pressure remains for approximately 10 latchings
after satellite retrieval.

5.2.1.6.4 Mass Properties

Tables 5.2.1-6 and 5.2.1-7 show the overall mass properties of
the ASF payload. A1l pallet-mounted hardware is included.
Items of relatively small mass (RAU's, heat exchangers, etc.)
have been included in the mass properties of the pallet.
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TABLE 5.2.1-6.— WEIGHT AND BALANCE

Orbiter Coordinates:®
Component Height X ¥ z 7* {Deployed)
1b kg in nm in mm in mm in mm
Pallet 1 + Igloo 1,065 483.0 743.9 18,895 5.6 142.0 359.1 9,121
faloo electronics®* 702 31a.3 668.8 15,998 o 0 344.0 3,738
APS 2,426 1100.0 744.5 18,910 0 914.0 387.% 9,830 432.0 10,465
AIM 1A 1,023 464.0 744.5 18,910 -36.0 914.0 419.7 10,660 493.7 12,540
o AIN 1B 631 2B6.0 744.5 18,910 +36,0 914.0 419.7 10,668 493,7 12,540
D RAY {8} 48 21.6 744.5 18,910 4] 4] 41%.7 10,660 493.7 12,540
J-Box {2) 9 4.0 691.5 17,564 4] a 347.0 g,814
Coldplates, thermal capacitors {2) 86 39.0 786.8 19,985 [ 0 358.0 9,093
Sun sensor 55 25.0 796.0 20,218 24 610.0 351.0 8,915
5 Totals 5,044 2740.9 736.6 18,710 -1.1 -28.0 385.5 9,742 6.4 10,577
Pallet 2 944 428.0 862.5 21,5908 5.7 145.0 359.1 3,121
Subsatelifte 1,548 702.0 Bo2.0 22.657 i} 0 410.0 10,44
Launch mechantsm 22 10.0 B92.0 22,357 ¢ 1] iB1.5 9,690
RAU {2) 12 5.4 B75.4 22,225 |4 o 347.0 &,814
J-Box (2] 9 4.0 ap9.5 20,561 4] 0 347.0 8,814
Cryogenic Tanks (4} 657 295.0 845.0 21,463 ¢ 0 360.5 9,187
Structure 100 45.0 B6A.5 21,958 0 0 3e4.5 9,258
Totals 3,285 1489.4 a73.1 22,1717 1.6 41.0 382.7 9,721
Patlet 3 943 428.C¢ 98G.5 24,905 5,7 145.0 359.1 a,121
Co dplates, thermal capacitors (2} 86 39,0 1022.8 25,979 G 4] 155.0 9,003
J-Bux {2) 9 4.0 927.5 23,559 g 2 347.0 8,814
RAY {7) 42 18.9 980.5 23,905 G a 419.7 10,6685 493.7 12.540
ARG 2,426 1100.0 580.5 24,905 0 ¢} 3s87.0 9,830 412.0 14,465
i O3A 728 336.0 980.5 24,905 -36.0 -514.0 419.7 10,660 493.7 12,540
AIM 3B 796 361.0 380.5 24,905 36.0 913.0¢ 419.7 10,660 493.7 12,540
Star Tracker, gyras, etc. 183 B3.0 977.5 24,829 52.5 1334.0 430.5 13,173 465.4 11,821
Totals 5,214 2363.9 981.0 24,917 3.3 85.0 391.7 9,949 427 .8 10,867
Pallet 4 944 428.0 1098.5 27,902 5.7 145.¢ 359.1 9,121
Coldplates, thermal capacitars {10} 428 144.0 109B8.5 27,902 0 g 358.0 9,093
J-Box {2) o 4.0 1045.5 26,566 0 Q 347.0 8,814
RAU {6} 36 16.2 1104.2 28,047 -9.5 -241.0 347.9 8,814
Power unit 99 45.0 1066.0 27,076 19.7 -500.0 374.8 9,520
Capacitor bank 1,19 540.8 1104.4 28,052 9.0 229.0 355.5 4,030
High voltage 243 1i10.0 1104.4 28,052 -19,7 -500.80 385,0 §,719
2 Instrument 304 -1 40.5 1089.8 27,681 -19.7 -5¢0.90 443.7 11,270
. Instruments 303/549 89 40.5 1104.4 28,052 10.2 259.0 423,686 10,759
Instrument 536 12 7.5 1118.2 28,402 -37.4 -950.0 453.8 11,781
Totals 3,144 1425.7 1100.1 27,943 =1.0 -25.4 364.7 9,263
Fallet 1 6,044 2740.9 736.6 18,710 -1.1 -28.0 385.5 g,792 416.4 14,577
- Pallet 2 3,285 14B9.4 B73.1 22,177 1.6 41.0 382.7 9,721
", - . . .
: . Pallet 3 5,214 2363.9 981.0 24,517 3.3 B5.0 391.7 9,949 427.8 10,867
Pallet 4 3,144 1425.7 1100.1 27,402 -1.0 -25.4 364.7 9,263
ASF Totals - ¥7,687 BO19.9 898.6 22,825 0.7 18.0 83,1 9,731 4p4.3 10,269
**This fncludes: 3 computers (31.8 kg each), 2 /0 units {31.8 kg each), Mass Memory (27.3 kg), 3 8AU (2.7 kg eack),
C&H Togic (3.6 kg), Pawer distribution (6.0 kg}, Power control {5.0 kg}, Emergency battery {78 kg), 400 Hz inverter
{110.3 kg), and A&A logic (3.6 kg).
) -
i t"-Q?ﬂ ‘
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TABLE 5.2.1-7. — WEIGHT AND BALANCE, PAYLOAD ON PALLETS AND PAYLOAD
CHARGEABLE SUPPORT HARDWARE

. Orbiter Coordinates
Component Weight X Y Z Z'
b kg in mm in min in mm in mm —_—
ASF Pallets 17,687 8,019.9 898.6 22,825 6.7 18 383.1 9,731 404.3 10,269
Radiator Panels¥® 183 87.5 1213.1 30,813 0 0 472.8 12,009 404.7 10,2789
Mission Kit—O2 Tanks 2,254 1,022.2 1115.5 28,334 0 0 300.8 7,640 -
-Hz Tanks 874 '396.3 949.3 24,172 0 0 |300.8 7,640
a
o OMS Kit 2,978 1,350.6 1249.5 31,737 il 0 388.0 9,855
N Payload Specialist 405 185.0 540.5 13,729 ~-53.5 1359 446.0 11,328
o3 Station ' -
o _
ASF Mission Total 24,391 11,061.5 959.8 24,379 -0.4 -10 | 374.9 9,523 385.7 9,899
*This includes the two aft panels only.
Note: Total weight does not include cable harnesses.
P % " o &P '::l
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The Orbiter imposes strict CG location constraints to allow an
aborted Taunch condition, in addition to enabling a safe landing.
Fﬁgures 5.2.71-18, 5.2.1-19, and 5.2.71-20 show the Tocation of

the composite CG within the CG Timitations imposed by the QOrbiter.
The shaded areas of each envelope indicate the launch condition
constraints when overall Orbiter mass is greater than the Tanding
mass (expendables, non-returnable sateilites, etc.)

The coordinate system utilized in tables 5.2.1-6 and 5.2.71-7 and
figures 5.2.1-18, 5.2.1-19 and 5.2.1-20 is that of the Orbiter;
Station Zj = 1016 cm (400 in) is the geometric centerliine of
payload bay envelope and the Station X9 - 1478.3 cm (682 in.) 1is
the forward edge of the envelope.

As shown in the three figures, the ASF composite paylcad CG falls
well within the Orbiter constraints.

5.2.1.7 Conclusions and Recommendations

5.2.1.7.1 Conclusions

Study results indicate that in the area of active thermal control,
the capabilities of the ASF coolant system and the Oruo.ter ATCS
exceed the expected ASF thermal dissipation (29,500 Btu/hr capa-
bility versus 24,000 Btu/hr expected). The ASF coolant system
will utilize the ERNO designed cold plates, thermal capacitors,
pumps and the Orbiter heat exchanger. Conventional passive thermal
control techniques will provide greater flexibility in the design
and aliow better cantrol of dissipation paths. |

Cryogenic cooling of instruments 118 and 126 presents the greatest
challenge for thermal control. The study results indicate that

a closed loop cryogenic system is not practical on the basis of
electrical power required if the instruments' housings are to be
cooled {more than 5 kilowatts of power are estimated to be
required). An open loop system requires considerably less
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electrical power but will require significantly greater quantities
of cryogen. The amount of cryoden required depends on the heat
load and the duration of the operation. Further effort is
required to establish heat loads when the instrument designs are
established.

The mechanical and structural aspects of the ASF payload were
evaluated to some considerable depth with preliminary designs
being established for instrument pointing, boom and boom actua-
tion and subsatellite retention and ejection. Results indicate
that the ASF instruments, subsateilite and support equipment can
be installed and serviced within the operational and environmental
requirements and constraints defined using the modified Ball
Brothers pointing system, the perforated BI-STEM boom configura-
tion and the integral coHet/GN2 subsatellite retention/ejection
system.

5.2.1.7.2 Recommendations

The following recommendations apply to the TSMS:

a. Perform a detailed thermal analysis establishing heat loads
for instruments 118 and 126 when instrument designs are
further defined. Calculate the flow rate of cryogdgen required
to cool the detectors and the housings and determine the
volume and weight of cryogen required from the flow rate
required and the instrument operating time.

b. Analyze the effect of the cryogen discharge cloud from t-e
open loop cooling system on the operation of ASF instruments.
Evaluate methods of reducing the effects of the discharge
{e.g., use of Orbiter vent or dump lines to route exhaust
gases away from instruments). Alternative means of cooling
may have to be evaluated if contamination from open loop
cooling cannot be tolerated.

c. Perform a trade study on installing the APS directly to the
Orbiter paylecad attach trunions instead of using the equip-
ment pallets. Weight would be reduced but structural and
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mechanical design and development cost might be increased
and some versatility sacrificed since the pallets would no
Tonger be available for installiing other equipment.
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5.2.2 ELECTRICAL POWER AND DISTRIBUTION SUBSYSTEM (EPDS)

5.2.2.1 Introduction

The study objective for the ASF EPDS was to determine if the
power needs of the ASF payload could be met within the power,
energy and thermal dissipation constraints of the Orbiter
electrical power and ATCS.

Using the mission operational timeline and the power requirements
for the individual instruments, support subsystems and the
subsateilite, average and maximum operational power levels were
defined and total electrical energy required for a 7-day mission
was established. A conceptual ASF EPDS utilizing ERNO designed
equipment to the maximum extent possible was develogped.

Study results show that utilizing two Orbiter energy kits and
time phasing the high power users, the total energy and maximum
power required for the ASF payload can be provided (with
substantial margin) within the Orbiter énergy, power and thermal
dissipation constraints.

5.2.2.2 Requirements

The power and energy requirements used to size the EPDS were
derived from the following sources.

a. ID's (appendix B).

b. AE satellite descriptions (used to size ASF subsatellite
requirements).

c. Support subéystem descriptions.

d. ASF mission timelines (see figure 4.71.5-1 in section 4.0).

5.2.2-1




5.2.2.2.17 Functional

The EPDS will provide the following functions to the ASF instru-
ments and the support subsystems from prelaunch to postlanding.

a. Primary electrical power.

b. Secondary electrical power.

c. Emergency electrical power.

d. Power conversion, inversion and conditioning.

e. Power distribution, control and overload protection.

f. Data for subsystem status verification, test, maintenance, and
diagnostic support.

The EPDS will provide full operational capability before and after
the first failure with no degradation of power quality. Levels
and time duration of power dropouts and transients during switch-
over from primary to secondary power sources will be minimized.
After a second power source failure, the EPDS will provide
sufficient power to maintain the ASF payload in a safe condition.

5.2.2.2.2 Performance

Power requirements for the ASF scientific instruments, subsatel-
1ite (before deployment) and the sup~ort subsystems were identified.
Table 5.2.2.-1 T1ists the power required by each of the instruments
and the subsatellite. The column titled "System Input® 1ists the
levels and types of voltages required of the Orbiter or. ASF
primary power sources hy each of the instruments. The basic
elements (emitter, cathode) of the Laser Sounder (Instrument 213),
Electron Accelerator (Instrument 303), and the Magnetoplasma-
dynamic {MPD) Arc (Instrument 304) instruments require high
voltage; high power not directly available from the Orbiter or

ASF primary power sources. These special power requirements are
Tisted under the heading "Element High Voltage/Power Input".

5.2.2-2
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TABLE 5.2.2-1. — ASF INSTRUMENT/SUBSATELLITE POWER

Voltage Power (Hatts)(])
Instrument System(]) High Elfggggﬁizwer Operating

Input Input Standby | Average |[Peak

116 28 Vdc 10 10 10

118 115 Vac, 400 Hz 15 100 100

122 28 Vdc 16 16 16

124 28 Vdc 14 14 14

126 {115 vac, 400 Hz 10 25 25

w 213 115 Vac, 400 Hz |5kV pulses 110 1.1 K|TBD

}: (10_8 to 107° sec)
‘f - 303 28 VYdc 30 kY dc 400 5 X 10 K
wa 304 28 Vdc 500 V pulses 50 5§ K |10 K
(TBD sec})

. 532 28 Vdc 120 120 140

534 28 Vdc 10 50 190

536 28 Vdc 4 4 4

549 28 Vdc 5 5 10

550 28 Vdc 5 10 20

1002 28 Vdc 3 10 10

1011 28 Vdc 100 100 100

Subsatellite(3) 28 Vdc 200 300|300

(])Input required from Orbiter or ASF primary power source.

(E)Specia1 high voltage, high power input not available directly from Orbiter e —
or ASF primary power source,

(3)Predep1oyment power only.
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Standby power represents that required for instrument warmup and
preoperational status checks. Many of the instruments do not
operate continuously during the mission as discussed subsequently
in this section. The power Tisted under the heading "Average"
represents the average power over only the time the finstrument

is actually performing its experimental operations. Thus, the
average and peak power for many instruments are identical. The
peak power differs from the average operating power for some of
the instruments since they are operated in a pulsed or modulated
mode, or periodic control of devices and elements such as relays,
solenoids, motors, actuators, valves, etc. is required.

The subsatellite utilizes the Orbiter primary power sources until
shortly before deployment. The power requirement Tisted reflects
only this predeplioyment power.

Table 5.2.2-2 lists the voltages and power required by support
subsystems; the APS and the thermal control systems. The
support subsystems will require power during virtually the
entire mission from prelaunch to postlanding. A peak power of
700 watts for each APS is required for only one or two minutes
during the reorientation of the platforms. An average of

400 watts is required for the remainder of the operations to
maintain tracking and stabilization. A continuous level of
200 watts for the thermal control system (including cryogenic
cooling and the freon coclant systems) is required from mission
start to experiment completion.

5.2.2.3 ASF Timelines and Power Usage

The ASF timelines shown in figure 4.1.5-1 9n section 4.0 are used
in this study to determine worst case energy requirements. Ouring
the first 15 revolutions, the instruments will require 1ittie or
no power. The only power which might be required durino this
period for the instruments is the standby powver during revolution

5.2.2-4
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TABLE 5.2.2-2.— ASF SUPPORT SYSTEM POWER

[

Power (Watts)

Input

Support Systems Voltage hverage -

Pointing, Control and Stabilization 28 Vdc 230 230
AMPS Pointing System (2 systems) 28 Vvdc 400 ea. 700 ea.

Command and Data Management 28 Vdc 1915 3805

Aft Crew Station* 28 Vdc 610 610

Electrical Power and Distribution 28 Vdc 580 580

Cryogenic Cooling and Active
Thermal Control System 28 Vdc 200 _200
4335 h825

*Power to payload unique equipment at the aft crew station
including display and control equipment is not charged to payload
Energy used by these equip-

but must not exceed that allocated.
ment, however, is charged to payload.

5.2.2-5
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15 for preparation and status checks. The experiments will be
performed from revolution 16 through revolution 80 with some {
instruments powered continuously during this period and others '
sequenced as shown.

The support subsystems will be powered continuously in the time
span shown in figure 4.1.5-T.

The pointing systems will require peak power only during reorienta-
tion for 1 to 2 minutes. During the tracking or hold mode a
constant level of power is required. -

The instruments which use the greatest amount of power are the
Laser Sounder (Instrument 213), the Electron Accelerator (Instru-
ment 303) and the Magnetoplasmadynamic Arc (Instrument 304).

The Laser Sounder will operate over much of the orbit to provide
maximum global coverage. The voltage pulse applied to the
emitter is 10 nanosecond minimum in duration and is appTlied at

a one pulse per second rate. The Electron Accelerator operates
in either a dc, a pulsed, or a modulated mode. The voltage
applied to the cathode will be 1 to 30 K Vdc and the electron
current will be controlled by controlling the grid voltage.

The MPD Arc will operate in a pulsed mode with the voltage
applied to the cathode being 1 to 10 milliseconds in duration.
The duty cycle will be determined by the maximum allowahle
Orbiter power drain.

Instruments 118 and 126 require cryogenic cooling. Cooling starts

some period prior to initial use of the instruments and continues

as long as the instruments are operating. Instruments 213, 303 2
and 304 will require active thermal control using the freon Toop

and cold plates. Other equipment may also be tied in to this

coolani system.

5.2.2-6
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5.2.2.4 Guidelines and Assumptions

In addition to the general guidelines and assumptions listed in
para. 2.3.4, others unique to the EPDS were used during the
study. These are the following.

a. The ASF EPDS will provide centralized processing and distri-
bution for both instrument and support subsystem primary
power. A single point ground will be provided for the
instruments. Subsatellite power will be provided from this
centralized system until just prior to depioyment.

b. Primary input power to the ASF will be 28 Vdc + 4 Vdc, and
three phase 115 VYac, 400 Hz.

c. Special power conditioning (conversion, inversion. regulation)
will be provided by the using equipment.

d. In addition to the primary power source, backup and emergency
sources will be provided. The emergency source will be used
only in safing the ASF payload in the event both primary and
backup sources fail.

5.2.2.5 Capabiiities and Constraints

The Orbiter will provide electrical power to the ASF payload
during all phases of the mission. The primary constraints are;
(1) maximum power capability of the Orbiter fuel cell, (2) avail-
able energy, and (3) heat dissipation.

5.2.2.5.1 1Interfaces

Four interfaces for payload access to Orbiter power will be
provided. Primary and secondary interfaces are located at station
X, 17653 (695 in) on the right hand side just below the longeron.
Two interfaces will be provided at station X, 33197 (1307 in) at
the aft bulkhead. Power will normally be supplied to only one

of the four interfaces at a time. However, more than one outlet

can be used by the payload at the same time as long as these

[43]
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separate outiets are not tied together within the payload and
provisions are made such that no single failure or series of
failures within the payload systems can cause loss or degradation
of Orbiter power.

5.2.2.5.2 Orbiter Fuel Cells

Each of the three Orbiter fuel cells will provide up to 12 kW of

power. However, the maximum power available to the payload depends

on which fuel cell is used and what phase of operation is involved.
Table 5.2.2-3 shows the power Tevels available at each outlet for
each operational phase, and the constraints imposed on the payload
and the Orbiter. 4

5.2.2.5.3 Baseline Orhiter Power

The baseline Orbiter power system can provide 50 kWh of energy to
the payload for a 7-day mission. Energy above 50 kWh from

the Orbiter power subsystem may be available without adding kits

if the mission duration is Tess than seven days. As figure 5.2.2-1
shows, for a 6.5-day mission, the Orbiter can supply the payload
with 1 kW of continuous power (156 kWh). For energy levels
exceeding these, up to five cryogenic energy kits which are payload
Chargeabie can be utilized. Each of these kits consists af one

0, tank and one H2 tank.

5.2.2.5.4 Kits

et

Up to five kits can be installed in the payload bay below the
payload and outside the payload envelope. Full instailation
provisions for the first kit are allocated in the baseline Orbiter
although the weight of this first kit (and every other kit) is
chargeable to the payload. Additional kits can be installed
within the payload envelope if this becomes necessary.

5.2.2-8
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TABLE 5.2.2-3. — PAYLOAD POWER INTERFACE CHARACTERISTICS
e e Yoltage . ATCS Payload
Interface xo Sta ”;ﬁg;g" Range- Power kW Heat Rejection Comments
VYolts Ave | Peak Configuration :
Dedicated Fuel 695 Ground 24-32 } 1.5 21,500 or Normal Checkout
Cell Connector Operation 29,500 Btu/hr
(GSE Pur)
27-32 7 12 Orbiter Powered Down
Main Bus Connector EC65 24-32 ] 1.5 Normal Checkout
5 ] Orbiter Power Down
Aft (Bus B) 1307 24-32 1. ‘2
Aft (Bus C) 1307 24-32 1. 2
Dedijcated Fugel 695 Ascent/ 27-32 i i.5 Power is limited to a
Lell Conpector Descent total of 1 kW average
and 1.5 k¥ peak for 2
minutes
Main Bus Connector 695 27-32 1 1.5
Aft (Bus B) 13207 24-32 1 1.5
Aft {Bus C} 1307 24-32 i 1.5
Dedicated Fuel 695 On-0rbit 27 min.y 7 12 29,500 Btu/hr Peak power is limited
Cell Connector Payload to 15 minutes once
Operations 6 (TBD)| 21,500 Btu/hr |eavery 3 hours.
Main Bus Connector 695 27-32 5 8 21,500 or
29,500 Btu/hr
Aft (Bus B) 1307 24-32 1.5 Power may be utiiized
from hoth interfaces
Aft (Bus €) 1307 z24-32 1.5 simultaneousiy. Busses
must be isolated on the
payload side of the
interface.
Aft Crew Station
Payload Unique See text.
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KIT SET WEIGHT

691 LB LANDED
873 LE EXPENDABLES

1564 LB TOTAL

2 BASIC ORBITER ENERGY: 1530 KWH

® TYPICAL ORBITER USE: 204 KWH/DAY

MISSION
ENERGY AVERAGE
e
(KWH) B KW
soor— AVAILABLE 7 KW
ELECTRICAL
ENERGY

600— {TO PAYLOAD)
400

200

ENERGY
AVAILABLE

TO PAYLOAD

840 KWH

{KWH])

(MAX TRANSMISSION LEVEL)

MISSION DURATION (DAYS)

Figure 5.2.2-1. — Enerqy/power available to payload.
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5.2.2.5.5 Q0rbiter Power Dissipation

The maximum allowable Orbiter power dissipation is constrained

by the heat rejection capability of the radiators. The baseline
Orbiter ATCS provides a capability of 21,500 Btu/hr heat rejec-
tion for the payload on-orbit with the doors open. This limits
the payload to a power level of 6.3 kW. This capability can be
increased to approximately 29,000 Btu/hr (8.5 kW) by the addition of
a payload chargeable radiator kit. If the dedicated fuel cell

is used with the Orbiter in a powered down cohdition, the payload
can use up to 12 kW peak power for a maximum duration of 15
minutes every 3 hours. The electrical potential at the primary
payload interface (dedicated fuel cell interface at XO 17653

(695 in) will be a minimum of 27 volts with a 12 k¥ Toad.

5.2.2.5.6 Backup Mode

In a backup mode (one of the three Orbiter fuel cells inoperative),
the backup interface at station X, (695) from the main Orbiter bus
will supply a minimum of 27 vo1ts at 8 kW peak power and 5 ki
average power during on-orbit payload operations. The aft payload
power interfaces Tocated at station XO (1307) are supplied by the
Orbiter aft Tocal buses. The minimum potential at these interfaces
will be 24 volts at 1.5 kW average power and 2.0 kW peak power per
bus. ‘ '

5.2.2.5.7 Aft Flight Deck Equ1pment

For payload unique equipment located at the aft flight deck {(within
the crew compartment) such as displays and control panels, tape
recorders, etc., the power required is not included in the alloca-
tions shown in table 5.2.2-3. This power is included in the Orbiter
baseline allocations. However, the electrical energy required by

5.2.2-11
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these equipment at the aft flight deck is chargeable to the
payload. The power allocations for these payload unique aft
flight deck equipment by phases are:

a. Ground operations (GSE power) and on-orbit operations - 750
watts average, 1000 watts peak.

b. Prelaunch (Orbiter internal power), ascent, descent and
postlanding (Orbiter internal power) - 350 watts average,
420 watts peak. Peak power is limited to two minutes each
phase.

5.2.2.5.8 Other Orbiter Systems

Other Orbiter power systrim characteristics are:

a. Peak-to-peak ripple focr Orbiter electrical power is 0.9 volts
or less over a broadband of frequencies for both aft flight
deck and payload bay interfaces.

b. Orbiter fuel cells have no voltage control requirements for
loads up to 2 kW except that the voltage will not exceed
40 volts.

c. A two wire power/return interface is provided to payloads.
However, the Orbiter uses a distributed structure return system
for its own loads. Up to 400 amperes of dc current can flow
through Orbiter structure during on-srbit operations.

5.2.2.6 Subsystem Description

Figure 5.2.2-2 describes the ASF EPDS equipment and interfaces with
the Orbiter power system and with the ASF payload.

5.2.2.6.1 Energy Sources

The ASF EPDS utilizes the Orbiter fuel cells as the primary source
of its power. Preliminary assessment indicates that the ASF energy
requirement (897 kWh) far exceeds the 50 kWh energy allocated by
the baseline Orbiter electrical power system under worst case

5.2.2-12
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conditions. Therefore two energy kits (two 0, and two H, tanks)
are included in the ASF baseline EPDS configuration. Primary
power is obtained from the dedicated fuel cell {cell 3) and the
second cutiet at station XO 17653 (695 in) is used to provide a
backup power source. 1In the event power is lost from both
Orbiter outlets, an emergency source will be available to provide
power to the ASF payload safety critical functions such as the
cryogenic tank pressure monitors. The energy required Tor these
functions is expected to be a small fraction of that reguired for

normal operation and relatively inefficient sources such as silver-

zinc batteries can be considered. A 28 Vdc silver-zinc battery of
the same type used on Spacelab (and also on a number of space-
crafts and boosters) has been selected for the baseline ASF EPDS.

5.2.2.6.2 Power Conversion, Inversion and Distribution

The baseline ASF EPDS includes the 2.5 kVA, 39, 115 V, 400 Hz
inverter provided for Spacelab. Instruments 118, 126 and 213
presently require this ac power source. However, the final
instrument designs could include individual inverters with Tittle
impact on total developmeni or unit cost since qualified, flight
proven power supply designs are available.

Centralized dc to dc converters and regqulators are not included in
the EPDS baseline since the current approach is that power conver-
sions and regulation requirements will be satisfied by using
equipment with internal provisions. However, the ERNO designed

de¢ to dc converter will meet most of the ASF regulated dc power
requirements and is considered an acceptable option. These
converters would be located on the individual pallets in the
standard Spacelab location or under the pallet floor if available
floor space becomes a factor and the converters do not require
active cooling. Overall program cost and weight differentials

between the two approaches should be minor. A variety of available

converter designs can be used for ASF applications, therefore
Tittle development cost is invoived. Some weight and unit cost

5.2.2-14
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savings may accrue if centralized rather than dedicated converters
are used. However, due to the relative conversion efficiencies,
the overall programmatic trade-offs are not expected to be
significant.

The Laser Sounder (Instrument 213), the Electron Accelerator
(Instrument 303), and the Magnetoplasmadynamic Arc {(Instrument
304) altl require high level voltage sources to operate (see table
5.2.2-1). These high Tevel voltages will be provided to the
accelerator and the MPD arc through the special high voltage
power supply shown in figure 5.2.2-3. A separate power source
will be required for the Laser Sounder due to the distance
between the two groups of instruments. Orbiter 28 Vdc power is
converted to 500 VYdc by power processing unit 1 and this voltage
is used to charge a large (105 joule, 0.8 Farad) capacitor bank.
The output of the capacitor bank is converted by a second power
processing unit to the high voltages (30 kV) required to operate
the Electron Accelerator. The MPD Arc will use the 500 Vdc output
of the capacitor bank directly through a solid state switch.

Fundamental issues involving the development and utilization of
the high voltage, high power system are how best to accomplish
the following.

a. Generate required voltages.

b. Minimize voltage attenuation and power losses within power
conversion and transmission media. '

¢c. Provide required insulation, minimize corona effects.

d. Contain generated conducted and radiated EMI.

Circuit breakers and power switches will be provided to isotate
the ASF central bus from the Orbiter power sources and the ASF
power busses from the individual instruments and equipment. As
shown in figure 5.2.2-3, circuit breakers are also provided in
the baseline Orbiter to protect the Orbiter power sources.

5.2.2-15
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Figure 5.2.2-3. — ASF Particle Accelerator

High Voltage Power System.
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These circuit breakers and those in the ASF igloo will bz used to
provide redundant means of isolating the two Orbiter power outlets
used by the A5F payload.

Further effort is required to establish the criteria for selection
of circuit breakers over a combination of relays and fuses for
overfoad protection and to determine the operational and safety
requirements that dictate which circuit breakers can be remotely
controlled and which should be located at the aft crew station.

In addition to the circuit breakers, the need for overload protec-
tion within each equipment or instrument shouid be assessed.

The EMI filters will be required to protect the Orbiter and ASF
power systems from conducted interference effects and to reduce
the effect of Orbiter power and ground system noise and transients
on the ASF system.

The two wire power/return interface provided by the Orbiter will
be utilized by the ASF power system. A single point return bus
for the ASF payload will be provided in the igloo. Each pallet
poweyr distribution bus will have a return bus dedicated to the
instruments and equipment on the pallet. The Orbiter power system
uses vehicle structure as its dc return. It is expected that as
much as 400 amperes of dc current can flow through the Orbiter
structure during mission operations. As parti of the on-going
EMC evaluation, the possibility of structure noise feeding into
the ASF power system through the by-pass capacitors and its
impact on the payload operations must be assessed.

Each power and return bus in the individual pallet power distri-
bution boxes interfaces directiy with the respective centralized
busses in the iglve. In addition, the individual paliet dc power
busses are connected in series (as are the return busses) for
redundancy purposes.

5.2.2-17
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The connections between the dc power busses are made through
normally opened switches to provide isolation, if required.

Preliminary assessments indicate that to keep line voltage drops
to less than 10 percent of power voltage (2 to 3 volts for dc
power) wire sizes of up to 4-0 (0.04 ohms/310 m {1000 ft)) will
have to be used for the primary Orbiter-to-payload interface and
for the high power users such as instruments 303 and 304 assuming
individual harness runs (to load and back) are less than 62
meters (200 ft). Together with insulation, this size of wire
will measure about 1/2 inch in diameter and weigh over 1.5 kg/
meter (1 1h/ft). Other wires used will range in size from 4 to

20 gauge.

5.2.2.6.3 EPDS Equipment Characteristics

Table 5.2.2-4 summarizes pertinent characteristics of the ASF EPDS
equipment.

5.2.2.7 Analyses

Worst case analyses of the total ASF payload power and energy levels
were performed using the power and timeline requirements discussed
in paragraph 5.2.2.2. Table 5.2.2-5 shows the power Tevel required
for each major phase of the mission requiring significant changes
in instrument or associated equipment operations. Two hours

before 1ift-off, a transfer is made from ground support power to
internal Orbiter power. From insertion into mission orbit until
orbit revolution 16, the crew makes preparation for the start of
the experimental operations. During this periocd, only the support
subsystems are assumed to be powered. During revolution 15, the
power to instruments other than those associated with the particle
accelerators is turned on and the platform pointing closed loop
servo system is powered. The cryogenic cooling systems for
instruments 118 and 126 are turned on during revolution 7. During
revolutions 16 through 80, the experiments are conducted.
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‘c) TABLE 6.2.2.-4. — EPDS EQUIPHENT
=,
v m -
) ; Height Power ; Modifications
'%é%é' Item Quantity | 4 (16} (watts) Prior Use Required
& |'. Dc-ac 30, 2.5 kva, 115V, 1 28 (62) | 5000 |spacetab lone |
| SR 400 Hz Inverter
%E“ 2. Power Distribution Box 5 30 (66) 5x10 Spacelab (TBD)
‘ 3. Energy Battery 1 78 (172) Spacelab
4, Power Contral Box 1 5 {11) 20 Spacelab {TBD)
5. Harnesses {including
cannectors) Hew
a. 4-0 Gauge-183m {600 ft} 290 {640)
o b. 4 Gauge-183m {600 ft) 40 (88}
~N
. ¢. 10 Gauge-109m (3600 ft) 55 (122)
L d. 20 Gauge-~8536m 41y (90)
e {28,000 ft)
6. Energy Kit Orbiter Mission Kits - None
a. 0, and H, tanks 2 each €26 (1361} B
{and fittings}
b. Cryogenic Reactants
] 02 708 {(1564)
' H, 82 (182) o
ASF EPDS TOTAL 1983 (4378)

NOTE :

Capacitor bank and poweyr processing unit weights included in instruments 303 and 213
weights.
(1Y Inverter inefficiency
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TABLE 5.2.2-5. — ASF AYERAGE POWER BY FLIGHT PHASE

e e e

R _ G s st ion eI e ier o
Int Lecent /S snyaten S;gfy w:u::::gm Aews. 1-15 . ev. 16 RBews 1725 Seey .‘ﬁ—Jll _ wews 17-35 Brys -7 Revs As.ul Arvs &a-aa“ Fess. 81-112
(ualts! {wates) . ;;:‘::mn ﬁ"n' f:;:;:;l.‘.n l"(1! ua::.::‘nn ‘“_.ll L‘;;::;wn Me(” Dn:::;mn “"(11 D;u;::;lur- lw' I Da::.::um Ave ¥ fve
powEr orile kot {w cpcle power lwi ite power (] tycie poeeer [w) ytie power iw) oycle power (w} oyle powtr {w] power {w}
Enateunents
T Y n 0 1.2 19 raneoy W0 Standsy ] 4.33 o 0.13 0 0.3 m standby o -
7 LR K L 15 Slangby 'y [ 1€0 g 121 T 62 ¢.5% [+ 0.5% 34 1.00 1 -
1o 16 6 " 't 1 it N 3 o % 1.00 16 1.00 36 1.00 16
& o i ] n i 1o i T '3 100 1] e '] | o n 106 i
v 12 ] ) " " T i vz ) 065 3] 1n.5% 18 0.55 1 1.0 % -
oo i g AN BE] ) Tone L 10T 346 655 05 [T} a 55 131 1.00 T.100
10y 403 4.078 A ke S%andby a0z Stanivy an ait v a2 ar 1.082 Stanghy 400 Standby Ao -
[ 2 4B L2o0 £3 23 Tandby £ [ Standes 4] atanghy 50 v 4 50 -
9. 5312 12 129 e 120 D4 [ 12 Standhy (] pr 120 Standby 120 o -
[ L) & k] 0 10 Standty 0 n o1 k2 B3 21 o H] 0 -
11 5l 4 1 ] 5 1 [ 11 & 0.1) % 533 4 4
11 =43 5 [ S 5 Y 5 11 5 Standby s Standby L3 5
.S 5 i 4 RILITH s Y B [ ) 0¢5 H Standby H Standby 5
g2 land + 13 3 131 1 Stanohy 1 Srardiy 1 Standby 1 S1an2by 1 | <00 k)
15y o) 1o i} 0 148 100 Stanany 1o Stancny 1na Standby 104 q.45 o0
| iestraments Totat o T Y 7 ;18 2,56 247 1,982
E—— nm | vn T | 100 un 1.t 34 1.0 135 01
..T“_.;[;".“:r;; BIETY e e 1o B 1o paly 1 m; 3ne 1.0% filu]
Thermat Lantent Syatems | £00 R T 7w Ve .00 0 V.o 200 207
msateitite 1 mo | 0} wma : T N :
[ aer tatal 1T—v - whor s siar ] TN e T 607 [ GEH 5057 o35
l”“l! during apfraticn atauy standhy} & duty rycle 3 stamddy  Adsames tralewnenls are on standly belween fapericent operalicrs
o 5 —— o B =




a ¢

—

From revolution 81 through 95, power to the instruments are

turned off. Orbiter maneuvers are performed, the orbit is changed
for rendezvous with the PDS. The subsatellite is retrieved on
about revolution 95. During revolutions 95 through 112, the
Orbiter and payload systems are prepared for the return phase.

From the timelines and the power requirements of the individual
instrumerts and the support systems, average power levels required
by flight phase were established as shown in table 5.2.2-5. The
maximum power required is 6882 watts during revolutions 43 through
47 which i< 42 percent less than the 12 k¥ maximum available from
the dedicated fuel cell.

The average power by phase was integrated over the entire mission
as jllustrated in figure 5.2.2-4 to establish the total energy
required. The 1730 kWh (50 basic and 1680 kit) of energy available
from the Orbiter provides a 48 percent margin over the 897.3 kWh
required by the ASF payload for the 7-day mission.

The heat dissipation capability of the Orbiter using the payload
chargeable radiator kit 1imits power levels to 8.5 kW average during
the mission and a peak of 12 kW for 15 minutes every 3 hours.

Figure 5.2.2-4 shows that the ASF average power required over
periods greater than 15 minutes (6.9 kW during revolutions 43
through 47) results in a 19 percent power margin. Figure 5.2.2-5
shows the peak power required by the ASF payload during a typical
orbit. The maximum power required by ihe ASF payload is approxi-
mately 9 kW for a period of about 15 minutes every 1-1/2 hours

(one revolution). |

Although the integration time for the ASF peak power is one-half
that used to define Orbiter constraints (1-1/2 hours compared to

3 hours) as indicated earlier, the total integrated power {energy)
over each orbit is well within the 8.5 kW specified.
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5.2.2.7.2 High Voltage Source Efficiency

The particle accelerators baselined for the ASF mission are an
Electron Accelerator (Instrument 303) and a Magnetoplasmadynamic
Arc (Instrument 304). Both of these instruments require high
power and high voltage lTevels. The required power is provided
through the use of a 0.8 Farad 500 volt dc capacitor bank fed by
a dc converter (see figure 5.2.2-3).

A capacitor bank with these characteristics is capable of an
energy storage of 105 joules and would weigh approximately 540 kg,
and have a volume of approximately 2 cu m.

Although the total storage capability of the capacitor bank is 105

joules, all of this energy is net available for useful energy in
the accelerator beams. In the case of both the Magnetoplasma-
dynamic Arc and the Electron Accelerator, efficiency losses in
both the power conversion and in the guns need to be considered.

Analysis performed on this study indicates that with a power
converter interval jmpedance of 4 ohms, and the capacitor bank
value of 0.8 Farads, the time required to charge the capacitor
bank is 14.6 seconds and the efficiency of the high voltage source
is above 70 percent.

5.2.2.8 Conclusions and Recommendations

5.2.2.8.1 Conclusions

The most significant conclusion relative to the ASF EPDS is that
with logical time sharing by the high power users, there is every
indication that the Orbiter power and energy constraints can be
met with adequate margin. The heat radiator kit provided by the
Orbiter will probably be required. o :

On a worst case basis, the total energy required by the_ASF paquad

is 897 kWh. Since the baseline Orbiter payload support is only

5.2.2-24




'l 50 kWh of energy, two energy kits with 1680 kWh additional energy
- capability will be incliuded as part of the EPDS baseline.

5.2.2.8.2 Recommendations

Results of the study have led to the foliowing recommendatiaons.

a.

a9

More fully develop the EPDS concepts in the areas of power
control, conditioning, conversion and inversion. Establish
whether ac power should be provided from a central ASF bus

or if it can be more effectively provided by the using equip-
ment. Establish criteria defining the use of circuit breaker
vs. relays, remote vs. aft flight deck circuit breakers, fuses
or other overload protection in individual Toads.

Identify the safety critical functions which require power
redundancy. Establish power levels required and perform
trades/studies to select the most effective power source.

Evaluate the total impact of using extremely high power Tevels
an EMC, heat dissipation, required sizes for power and return
1ines, common impedances and conducted interference effectis,
insulation, etc. '

Fvaluate the possible impact on payload operations of Orbiter
vehicle structure noise coupling through the EMI by-pass
capacitors i.to the ASF system.

5.2.2-25
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5.2.3 POINTING/CONTRQOL AND STABILIZATION SUBSYSTEM (PCSS)
5.2.3.1 Introduction

The objective of ikis phase of the study was to establish the con-
ceptual feasibility of providing precision pointing, tracking and

stabilization for the ASF instruments. The approach was to eval-

uate the Orbiter attitude accuracy capability reiative to the in-

strument requirements and to develop a dedicated ASF/PCSS concept

if the Orbiter capability fell short of these requirements.

The scope of this phase was limited to: (1) defining the tech-
niques for pointing and control, (2) defining a conceptual design
approach, and (3) determining the hardware requirements and func-
tional interfaces required for peinting/controi and stabilization.
No attempt was made during this study to perform dynamic simula-
tions and evaluations of the control Taws or to analyze the PCSS
performance. A secondary goal was to research the $tate-of-the-art
hardware that can meet the pointing and stability requirements thus
minimizing development time and cost. O0ther studies for advanced
pointing systems are being conducted for payloads that reguire a
high degree of pointing accuracy and .ability. However, these

are not included in this study.

The study showed that the Orbiter attitude control and stabiliza-
tion capabilities are not adequate to meet experimental needs. A
PCSS concept was developed which consists of two major elements:
(1) the AMS, and (2) the APS. This section discusses the AMS in
detail and describes the integrated AMS/APS operations. The
details of the APS configuration are provided in Section 5.1.

5.2.3.2 Requireﬁénts

The ASF payload consists of instruments that require stellar, solar,
and earth pointing. The ASF experiments require the pointing of

5.2.3-1
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one or move FOV's at a target such as the solar disc, the nadir,
or along a specific direction. 1In addition, the FOV or line-of-
sight (LOS) must have pointing stahility that permits experiment
measurements to be made without distortion.

Pointing accuracy requirements are usually functions of the instru-

ment FOV and of target and experiment data characteristics. Sta-

bility requirements, however, depend on the resolution capability v
of the experiment instruments; that i~, the sensitivity of these
instruments to a LOS rate.

In general, the stellar instruments usually require large gimbal

angles, long exposure times, and stringent pointing and stability
accuracies. The solar instruments remain sun-centered or search

the surface of the solav disk. The earth Tooking instruments

usually require high gimbal rates for tracking earth based targets

and the use of the Orbiter for maintaining an earth oriented

attitude with the payload bay toward the nadir. Thus, the atti- o

tude control and pointing system must be capabie of meeting these . |

various types of requirements.

5.2.3.2.1 Functional

Assessment of the Orbiter pointing and stabilization capabilities
(see paragraph 5.2.3.4) indicates that an independent pointing/
control and stabilization system is required for the ASF payload.
The prime mission functions which this system must perform to sup-
port the experiments are payioad reference axes attitude determi-
nation, pointing/control (target tracking) and stabilization.
Other functions include providing data for downltink telemetry and
for onboard display and processing, power conditioning and control
within PCSS equipment, and data to be used for failure detection
and isolation.

5.2.3-2




5.2.3.2.2 Performance

The principal source for the psinting accuracy, pointing stability,
and rate stability requirements is the ASF ID documents (see
appendix B). A summary of these requirements is listed in

table 5.2.3-1. The definition of these errors and a graphical
presentation is illustrated in figure 5.2.3-1. The justification
for the pointing accuracy and stability rate requirement lies

with the scientific community and/or payload users. The remain-
der of the study is based on that data as defined by the users

in the ID's.

The instrument stability requirements defined in the ID's vary
from .003°/sec. to 36°/sec. The instruments pointing accuracy

requirements vary from 1 minute of arc to 6°.

5.2.3.3 Guidelines and Assumptions

Following are the guidelines and assumptions used for this phase
of the study.

a. Pointing accuracy knowledge of better than 0.1° must be
provided by the payload AMS.

b. Those instruments which have a requirement of 2° but whose
operations {such as TV monitors) are controlled by the crew
can be hard mounted to the pallet. The crew will use visual
means to keep instrument LOS on target.

c. The Orbiter will be operating within i*3 minimum deadband
(x0.1°) and minimum rate {(0.01°/sec) to provide the payload
with the least vehicle motion.

d. The AMS will be placed on the reference base requiring the
greatest accuracy and stability.

e. The LOS of the cluster of instruments on a given platform
will be boresighted to a common LOS.

5.2.3-3
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TABLE 5.2.3-1. — ASF POINTING AND STABILITY REQUIREMENTS

Instrument Requirements] Orbiter Capabi]ity2

g =

Accuracy |Stability Rate | Accuracy | Stability | Stability Rate
AMPS Pointing System (APS): Pallet A-l *2° +.1° 0.01°/sec
AMPS Instrument Module {AIM} 1A

Instrument No. Title
213 ' Laser Sounder +1.0° {TBD)
532 Gas Release Module £° 0.75%sec
AMPS Instrument Module {AIM) 1B
1011 UY Occultation Spectro-
graph #0.017° | 0.003°/sec
1002 Pyrohel iometer/spectro-
pitotometer *2.5° {TBD)
534 Optical Band Imager and
Photometer System 2.0° 0.017%/sec
550 Level IT Beam Diagnostics N/A N/A
Subsatellite: Paliet A-2
Instrument No. Title
{TBD)
AMPS Pointing System (APS): Pallet A-3 +2° +0,1° 0.01% sec
AMPS Instrument Module - AIM 34
Instrument No. Title
16 Airglow Spectrograph +(.5° {TBD)
118 Limb Scanning IR Radiometer +0.5° 0.004%/sec

AMPS Instrument Module - AIM 38

122 UV/VIS/NIR Spectrometer £0.1° { 78D}
124 Fabry-Perot Interferometer +1.0° {TRD)
126 Infrared Interferometer +0.1° 0.05%/sec
Hard Mounted: Paliet A-4 +29 +0.1° .01/ sec
Instrument No. Title
303 Electron Accelerator +5° 1°/sec
304 Magnetoplasmadynamic (MPD) Arc | 2° 1°/sec
535 Triaxial Fluxgate +0,5° ROLL <36°/sec
549 Gas Plume Release N/A N/A
. 1ID Requiremants

215C-07700, Vol. XIV, Rev. C, dated July 3, 1974

ASF - Atmusphéric Science Facility
N/A - Not applicable

5.2.3-4
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DESIRED TARGET THE INSTRUMENT MUST INITIALLY POINT.

. PDINTING STABILITY — DEFINES HOW CLOSE THE INSTRU

POINTING DEFINITIONS

FOINTING ERROR — DEFINES THE TOTAL ERROR THAT CAN
8E TOLERATED BY THE INSTRUMENT QR PAYLOAD. T
NORMALLY 15 THE RS5 OF THE POINTING ACCURACY AND
POINTING STABILITY,

POINTING ACCURACY — DEFIMES HOW CLOSE TO THE

IT USUALLY 15 ASSOCIATED WITH AN INSTRUMENT FIELD-
OF VIEW (FOV), DR A PARTICULAR AREA AROUND THE
INSTRUMENT CEMTERLINE. ERROQRS THAT CONTRIBUTE TO
POINTING ACCURALY ARE USUALLY OF THE STATIC TYPE
AND RESULT FRAOM ITEMS SUCH AS MISALIGNMENT, EN
CODER READOUT, ETC. AND CONSEQUENTLY, POINTING
ACCURACY IS GFTEN REFERRED 7O AS A BIAS.

MENT MUST STAY TO THE POINT AT WHICH 1T WAS
INITIALLY POINTED. ERRORS THAT CONTRIBUTE TO THE
STABILITY ARE NORMALLY OF THE DYNAMIC TYPE SUCH
AS VIBRATION DISTOATIONS, ELECTRONIC DRIFT, VEHICLE
DRIFT, GIMBAL MOUNT DRIFT, ETC.

STABILITY DURATION -- DEFINES TIME DURATION DURING
WHICH STABILITY MUST BE HELD. IT USUALLY 15 ASSO
CIATED WITH INSTRUMENT EXPOSURE TIME QR EXPERI-

MENT SEQUENCE OBSERVATION TIME POINTING
ERROR —7

POINTING

STABIUTY7

POINTING
ACCURACY

TARGET

ZERQ

POINTING
ERROR
ENVELOPE

POINTING
ACCURACY

STABILITY
ERROR

L
INE of SIGHT iLos) ENVELOPE

GLOBAL ILLUSTRATION OF DEFINITIONS

sman.ivt7
Pr————STABILITY DURATION ———anj POINTING E

ERROR

POINTING ACCURACY

TIME ILLUSTRATION QF DEFINITIONS

Figure 5.2.3-1. — Pointing definitions.
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f. The AMS will have to be updated once per orbit in order to
maintain the 60 arc second accuracy. Time of update will be
approximately five minutes.

g. The operation of the APS will be primarily computer controlled;
however, the fine pointing of certain instruments will be man-
ually performed by the crew. The crew will have to activate
the system operations through keyboard-entered computer pro- '
grams such as:

(1) Initial alignments.

T

(2) Update or realignments.
(3) Tracking programs. 7
(4) Calibration, etc.

h. The solar instrument group will use a sun sensor.

i. Instrument 1011 should have a sensor {star or sun) in the
optical train. The output of this sensor would be available
as an input into the control loop and operate as a closed loop
sensor around the target star or sun.

5.2.3.4 Capabilities and Constraints

The Orbiter avionics system provides pointing and control capahility
through the use of its guidance, navigation, and control (GN&C)

subsystem. The Orbiter GN&C subsystem consists of an inertial

measurement unit (IMU), star trackers, and a flight control system
(including vernier and large reaction control system thrusters). .

The Orbiter vehicle has the capability of attaining and maintain-
ing desired inertial, local vertical, and earth surface pointing
attitude within the accuracy defined in table 5.2.3-2 and Orbiter
thermal attitude constraints defined in table 5.2.3-3. 7The Orbiter
IiU may be initially aligned to 0.1° with a drift rate of 0.1° per
hour while other errors in the flight control subsystem contribute

St 5.2.3-6
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TABLE 5.2.3-2.

——
o

— ATTITUDE POINTING ACCURACY —
ORBITER REFERENCE SYSTEM

Attitude Attitude Duration
accuracy degration between
Reference (30) (35) alignments
Inertial +0.4° 0.1°/Hr 1.5 Rev
Celestial £0.24° 0 Not
Applicable
Earth Target +0.4° 0.1°/Hr 1 Rev

*Does not include errors associated with vehicle

flexure.

5.2.3-7
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TABLE 5.2.3-3. — ORBITER

THERMAL ATTITUDE CONSTRAINTS

Hold capability Pre-entry thermal
{Hours) conditioning re-
B Rangz (Degrees) Orbiter Orientation guirement (Hours)
0 — 60 Any >160 <12
A. Other than inertial
hold Cycles of 6-~-hour holds <7
followed by 3 hours of
thermal conditioning
for worst thermal
attitudes
60 — 90 B. 3-axis inertial
holds >160 <12
Source: JSC 07700, Volume XIV, Rev. C, July 3, 19/4
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0.25°. Table 5.2.3-2 shows that after 1.5 orbits the inertial
attitude error of the Orbiter as related to its reference system
is *0.5°, Using the Orbiter star tracker continuously for atti-
tude reference, the vehicle reference system errvor relative to the
celestial reference can be held to within 0.25° indefinitely.

In using the Orbiter IMU to point to an earth target, additional
errors are introduced due to the Orbiter position and velocity
uncertainties. In order to maintain a 0.5° error, the Orbiter

IMU must be updated once in orbit. These errors are Orbiter
reference axes errors relative to inertial or earth target refer-

ences. For the purposes of payload pointing using the Orbiter IMU,

an error source (>2°) can accrue due to vehicle flexure, payload
structure, and payload mounting misalignments.

The Orbiter flight control system (FCS) is capa:tle of providing
stability (deadband} of +0.1°/axis and a stability rate of 20.01°/
sec/axis utilizing the Orbiter IMU and the vernier RCS thrusters,
provided that all vernier thrusters are operational. When using
the Targe RCS thrusters, the Orbiter FCS is capable of providing
stability of +#0.1°/sec/axis.

5.2.3.5 Subsystem Description

Comparison of the Orbiter pointing and stability capabilities and
the ASF experiment requirements indicates a need for an accurate
ASF attitude retference and pointing system for some of the instru-
ments. The system defined in this section is an inertial system
with optical updates. It consists of a three axis strap-down in-
ertial system with star trackers and/or a sun sensor to provide
updates to compensate for gyro drifts and computer errors. This
is potentially the most versatile system and is equally effective
for solar, stellar, and/or earth pointing missions.

5.2.3-9
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5.2.3.5.1 Configuratian

The ASF pointing and control requirements defined in table 5.2.3-1
dictate the need of a subsystem that can provide a pointing accu-
racy of 60 arc seconds. This requirement is considered to be within
the state-of-the-art of existing hardware and can be achieved

using several techniques. Two approaches that can be used are:

a. A central or master inertial reference system with optical
updates.

b. A distributed inertial reference system with optical updates.,

The master reference system can be placed on a separate gimbal
system or incorporated with the instruments on a given pallet
platform. This scheme introduces errors because of the required
transfer of the reference error signals through the gimbals, how-
ever, these are manageable by design and calibration. Because

of mechanical errors between pallet segments, optical 1inks between
gimbal systems for alignnent control are required. This subsystem
approach is illustrated in figure 5.2.3-2.

The Jdistributed attitude reference system places a star tracker
assembly (STA) and a gyro reference assembly (GRA) on each
pointing system in the payload bay. Table 5.2.3-4 discusses the
merit of each approach. Both approaches can fulfill ASF pointing
and stabjlity needs. For this study, the initialized inertial
reference system with optical updates (star and sun sensors)
augmented with an optical alignment transfer device was chosen
(reference figure 5.2.3-3). This system was selected because of
the large range of pointing requirements (0.017° to 6.0°) and the
non-severity of the pointing accuracy (0.017°}) needed for ASF.

The selected ASF PCSS configuration is shown in figure 5.2.3-4.
It consists of the following hardware:

a. Digital computer (part of CDMS).

5.2.3-10
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TABLE 5.2.3-4 — CENTRAL VS DISTRIBUTED ATTITUDE REFERENCE SYSTEM

Central

Distributed

Advantages

Only one star tracker and gyro
reference assembly required.

Relative cost appears to be less

Weight requirement is Tless.

Advantages

Experiments are more flexible and
autonomecus.

Reduces computer involvement in
the control Toop.

Gimbal precision requirements are
less stringent.

Disadvantages

Computer requirements are higher.

Need optical Tinks between gimbal
systems.

Precision gimbal sets are
required to minimize errors.

Disadvantages

Need one star tracker and gyro
reference assembly for each
gimbal.

Weight is increased.

Apparent increase in relative
costs,
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b. Gyro reference assembly.
c. Star tracker assembly.
d. Processing electronics.

e. APS.

5.2.3.5.7.1 Digital Computer

The digital computer is part of the CDMS described in paragraph
5.1.4. The general pupose computer is used to support the ASF
support subsystems. The computer is a major functional element
of the PCSS providing coordinate transformations, gyro commands,
gimbal commands, a star catalog, star identification processing,
Orbiter GN&C inputs, and other reiated functions required for
achieving the pointing, control and tracking necessary for the
payload sensors operations.

5.2.3.5.1.2 Gyro Reference Assembly

The gyro reference assembly consists of three orthogonally
mounted gyros on the AIM of the APS. The gyros provide stability
error signals to the support subsystem computer. Attitude data
are obtained from readouts at the APS gimbals.

Available gyro units have a drift rate of 0.01°/hour. The selec-
tion of the gyro unit will be dependent on bjas stability, power,
weight, cost and gimbal drive rate requirements. Listed below
are examples of current state-of-the-art gyros in the 0.01° to

0.7°/hour drift range:

Honeywell GG 248 Apollo
A. C. Electronics IRIG 25 Apoilo, Skylab, ASTP
Kearfott 2519 Skylab

5.2.3-15
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5.2.3.5.1.3 Star Tracker Assembiy

Star trackers are usually classified as gimbaled or strap-down
with a variety of detectors ranging from solid state to photomul-
tiplier tubes. State-of-the-art trackers are available with an
accuracy of 10 to 30 arc seconds. There are star trackers adver-
tised with an accuracy potential of 0.5 arc sec., such as the ITT
or Nortronics trackers, but these are still in the development
stages. Table 5.2.3-5 is a sampie of state-of-the-art star track-
ers that have been developed and have been qualified for the re-
spective programs.

Strap-down trackers are less complex from a hardware standpoint
to implement. They can be mounted on the same platform as the
GRA and paylocad instruments. 1In order to achieve the accuracy
reguirements desired, a narrow FOV is needed, thus requiring a
lower star threshold and requiring the scanning of the entire
gimbal system in order to conduct star searches. A minimum of
two trackers are required in order to determine the attitude
reference if large Orbiter maneuvering angles are to be avoided.

The gimbaled tracker adds complexity to its design but can be
operated independently of the main gimbal system when searching
for stars. Star threshold Tevels for gimbaled systems are higher
because of the Targe area of celestial sphere available by the
gimbal system. Usually, one star tracker is needed to determine
the desired attitude reference.

Either type of star tracker discussed has the accuracy needed
for the ASF payload. The selection will be influenced by such

factors as weight, cost, power, etc.

5.2.3.5.1.4 Processing Electronics

The processing electronics contains amplifiers, analog-to-digital
(A/D) and digital-to-analog (D/A) converters, multiplexing equipment,

5.2.3-16
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TABLE §.2.3-5. — TYPICAL STAR TRACKER PERFORMANCE CHARACTERISTICS

ALITVOD fe[oq;-
g A5VE TV

Kollsman ITT Federal Hughes** Ko11sman* Shdttle Tracker ATM Star
Perfarmance Data Qa0 Labs Tracker KS-199 BBRC Tracker
Field-of-view ) 1° % 1° 8° = 8° 2° x 2° 1.2° diam 10° = 10° 1° x 1°
Star magnitude +2 +3 +3 +2.4 +3 +3
sensitivity
Operational accuracy 15 sec 5 sec 30 sec 10 sec 60 sec 22 sec
Weight - kg b) 19.5 (43) 4.3 {9.5) 13.6 (30) 13.6 (30) 7.3 {16) 32.6 (72)
e
;a Power (watts) 15 watts 8 watts 40 watts 19 watts 23 watts 15 watts
w Gimbal freedom 2 AXIS STRAP-DOWN 2 AXIS 2 AX1S Strap-down 2 AXIS
!
:j Dimensions - meters (ft) | 0,86x.30-0.40 0.12«0.27x0.12 1 16"=18"=12" | 0.43x0.30x0.30 Unavailable 0.40=0.28x0.10
{2.8+1.0x1.3) {0.4<0.9x0.4) (1.4x1.0x1.0} {1.3x0.9x0.3) ——
(electronics)
0.45<0.28-0.40
{1.5%0.9x1.3)
(Mechanical/
optics)
*Developed for JSC under the cognizance of the Guidance and Control Pivision (EG). Unit has been qual tested and -
performance verified by testing.

**Developed during Apollo for JSC as a Lunar Optical and Rendezvous Syster and has been qual tested and performance
veriTied by testing.
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processing electronics, switching logic, input and output signals,
processing, routing and gyro rebalancing electronics for the
operations of the PCSS. Included in the attitude measuring sub-
system are the status indicator circuits for monitoring key system
parameters Tor proper operation during the mission and ground
self-testing. These include both hardware circuitry and software-
aided programs.

The pointing system control electronics as well as the torque
motors, resolvers, etc., are considered part of the APS.

5.2.3.5.1.5 ANPS Pointing System (APS)

The type of pointing system selected and the system design
features are discussed in Section 5.2. The general approach
is to standardize the design for both systems. A particular
gimbal arrangement or order is not necessary to meet pointing
requirements. This is usually a function of mechanical
obstruction in the desired FOY and gimbal range necessary to
cover all desired targets. Each gimbal axis will have torque
motors' and an angular readout device such as a resolver for
torquing the platiorm to its desired position and providing
position data.

On some instruments, stability about the instrument LOS fis
critical. Therefore, this may dictate the need of a three-

axis gimbal system.

5.2.3.5.2 PCSS Equipment Characteristics

Excluding the APS and the digital computer which are described

in other sections of this report, the equipment for the PCSS
described in this section weighs approximately 100 kg and uses
210 to 255 watts of electrical power. The estimated size, weight
and pawer breakdown by subsystem equipment are shown in table
5.2.3-6.

5.2.3-18.
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TABLE 5.2.3-6. — SIZE, WEIGHT, AND POWER SUMMARY
POINTING/CONTROL AND STABILIZATION SUBSYSTEM

- . T g

5
End Item HXHXD—m;§:rs (£t) ght-kg (1b) | Power (watts)
AMPS Pointing System This data is provided in section 5.1.1
Digital Computer The general purpose digital computer
will be discussed in the data system
section of this report
Gyro Reference Assembly 0.25 x 0.20 x 0.18 (0.8 x 0.7 x 0.6) 30 (66) 100
Signal Processing Electronics | 0.40 x 0.35 x 0.15 (1.3 x 1.7 x 0.5) 20 (44) 40
Star Tracker Assembly FHST-0.60 x 0.21 x 0.21* 33 (73) 75
(2.0 x 0.7 x 0.7)
GST-0.58 x 0.45 x 0.42%* 20 (44) 30
(1.9 x 1.5 x 1.4)
Sun Sensor 0.30 x 0.20 x 0.15 (1.0 x 0.7 x 0.5) 13 {29) 10
Optical Alignment Measuring | 0.25 x 0.10 x 0.10 (0.8 x 0.3 » 0.3) 12 (26) 30
Device
Total 95%/7108** 210%/
(209/238) 255¥%

*GST — Gimbaled Star Tracker
**FHST — Fixed Head Star Tracker
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5.2,3.5.3 Interfaces

Figure 5.2.3-5 describes the interface data flow within the ASF
payload and to/from the Orbiter. The primary interface areas
are power, data management, and Qrbiter GN&C subsystem. The
following paragraphs will describe in general the attitude
pointing and control interfaces.

a. PCSS-to-Orbiter. The primary interface with the Orbiter
is the GN&C subsystem. The Orbiter GN&C will provide to the
payload initialization data such as vehicle attitude, timing,
clock synchronization, etc., necessary for monitoring the
attitude position of the Orbiter, The interface will
allow for the transfer of pointing vector information to the
Orbiter GN&C so that the payload attitude can be assessed
by the Orbiter. Further, the interface requires the trans-
mittal to the Orbiter GN&C of a pointing vector for reorien-
ting he payload through use of the Orbiter RCS or vernier
RCS. The Orbiter will have the capability through the inter-
face to transmit override commands from the payload control

panel to disable the paylocad attitude pointing system if
required.

The requirement exists to interface the payload attitude
sensor (star tracker) through the ASF support subsystem
computer with the Orbiter GN&C computer so that the basic
errer between the payload attitude measuring system and the
Orbiter reference system resulting from structural deformation
can be established during flight.

b. PCSS-to-Support Subsystems. The pointing and control disci-

pline involves the management of several pointing systems.
Figure 5.2.3-6 shows typical inter-relationships of the various
elements of the payload system and briefly describes the
functions of the major interface subassemblies. The PCSS

must interface with the support subsystem computer. This

5 5.2.3-20
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relationship and data and command flow is reflected in figure
5.2.3-5. A summary of the command and data requirements is
reflected in table 5.2.3-7. Power interfaces are discussed
in paragraph 5.2.2.

5.2.3.5.4 Operations

In reference to figure 5.2.3-3 and 5.2.3-7 a and b, the PCSS
operations are summarized below. Item letters below correspond to
the item numbers contained in those two figures.

a. The PCSS is activated by the PS. The PS has the option of
operating the APS either automatically through the computer
or manually through the fine pointing control lever at the
PSS.

b. The PS prepares the APS for alignment as follows:

(1) The PS selects the proper program, mode, etc., and
commands are transferred to the payload subsystem
computer.

(2) PCSS status and data are displayed on the CRT at the
PSS during the alignment operation.

¢. The data link between the Orbiter GN&C and the payload support
subsystem computer is activated. The ASF support subsystiems
computer receives the following information from the Orbiter
GN&C for use in computation: Orbiter position {(crosstrack,
downtrack, altitude), velocity, attitude (3-axis), target
coordinates, time reference, etc.  The ASF suppori subsystems
computer will update the Orbiter with the same data as
required.

d. Using Orbiter data, the payload is coarse aligned. The com~-
puter sends out commands via pathk k. The gimbal angles orien-
tation is controlled by the computer and APS is positioned to an

5.2.3-23
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TABLE 5.2.3-7. ~— SUMMARY OF POINTING AND CONTROL SUBSYSTEM

PRELIMINARY DATA REQUIREMENTS

e e - v

Sample Rate
Signal Name Source Signal Type (samples per
second)
APS 1 and 2
APS Temperature Gimbal Platform Electronics Housekeeping 1 5/%
Temp Sensor
Gimbal Resolver Axis 1 Gimbal Positian Qutput Data Word 25 5/8 Y
Gimbal Resolver Axis 2 Gimbal Position . Qutput Data Word 25 5/S
Gimbal Resolver Axis 3 Gimbal Position Output Data Word 25 S/§
APS Power an Cammand Keyboard/Display Discrete 1 §/5
APS Mode Status keyboard/D&C Discrete 1 §/S e
APS Gimbal Slew Axis 1 Subsystem Computer Input Data Word 25 §/5
APS Gimbal Slew Axis 2 Subsystem Computer [nput Data Word 25 §/35
APS Gimbal Slew Avis 3 Subsystem Computer Input Data Word 25 §/S
APS A/D Axis 1 Fail Gimbal Platform Electronics Housekeeping 1 5/8
APS A/D Axis 2 Fail Gimbal Platform Eiectronics Housekeeping 1 §/§
APS A/D Axis 3 Fail Gimbal Platform Eiectronics Housekeeping 1 §/5 %
Coolant Input Temp Pallet Sensors Housekeeping 158/5 '
Coolant Qutput Temp Pallet Sensors Housekeeping 1 §/8
APS Torquer Current Axis | Gimbal Elect Housekeeping 1 §/%
APS Torguer Current Axis 2 Gimbal Elect Housekeeping b S/S
APS Torquer Current Axis 3 Gimbal Elect Housekesping b s/S
Gyro Package Temp Temp Sensor Housekeeping 1 5/§
Gyro Electronics Temp Temp Sensor Housekeeping 1 5/5
Gyro Torgue Command X Subsystem Computer [nput Data Word 25 S/S
Gyro Torque Cammand Y Subsystem Computer Input Data Word 25 S/§
Gyro Toraue Comnand Z Subsystem Computer Input Data Word 25 §/§ ©
Gyro Torque Rate X Subsystem Computer Input Data Word 25 575 '
Gyro Toroue Rate Y Subsystem Computer Input Data Word 25 §/%
Gyro Torque Rate Z Subsystem Computer Input Data Word 25 §/5
Gyro Warm-Up Time Keyboard/D&C Discrete 1 §/5
Gyro Power Present keyboard/D&C Discrete 15/S s
X Gyro Fail Gyro Package and Electronics Output/Housekeeping 1 §/5
¥ Gyro Fail Gyro Package and Electronics Qutput/Housekeeping 1 8/8
= Z Gyro Fail Gyro Package and Electronics Output/Housekeeping b S/S R
S o
Gt 4o : BE

— S §.2.3-24
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TABLE 5.2.3-7. — SUMMARY OF POINTING AND CONTROL SUBSYSTEM
PRELTMINARY DATA REQUIREMENTS - Concluded

Signal Name Source Signal Type Sample Rate

Star Tracker Temp ST Temp Sensor Housekeeping 18/5
Star Tracker Elect Temp Electronics Temp 3ensar Housekeeping 1 873
ST AZ Resolver ST Gimbal Position Qutput Data Word 25 §/S
ST EL Resolver ST Gimbal Position Qutput Data Word 25 §/S
ST AZ Slew Subsystem Computer Input Data Vord 25 §/S
ST EL Slew Subsystem Computer Input Data Yord 25 §/5
ST AZ Torduer Current ST Gimbal Electronics Housekeeping 1 5/5
ST EL Torquer Current ST Gimbal Electronics Housekeeping 1 5/S
ST Search Command Subsystem Computer Input/Command 1 §/5
Jtar Presence ST Selector Output Qutput/Housekeeping 1 5/5
Star Tracker Engage Star Tracker Output/Housekeeping 1 5/S
Star Tracker Power Present Keyboard/D&C Housekeeping 1 5/5
Star Magnitude ST Electronics Qutput/Heusekeeping 1 S/5
ST A/D AZ Channel Fail ST Electronics Housekeeping 1 5/§
ST A/D EL Channel Fail ST Eiectronics Housekeeping 1 S/5
Bright Source Sensor ST Electronics Qutput Data ¥ord 1 5/%
Optics Shutter Status Star Tracker Qutput Data Word 1 815

Mote: Three fixed-head star trackers or one gimbaled star tracker required. Measurement

Jist for each tracker is the same.
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accuracy of =2°. Certain instruments such as the Optical
Band Imager and Photometer system require manual fine point-
ing using the "joystick".

Signals are generated to torque the gimbé]s to & coarse align
orientation.

Resolver outputs which are proportional to the gimbal angles
(position data) are provided to the payload computer {(A/D
conversion) via k.

Star position data (optical angles) are provided and trans-
formed by the computeyr intoc inertial reference frame for
positioning gyros. Sighting of at least two stars (non-
colinear) are required. These data are provided to computer
via k. Status data are provided and can be displayed on

the CRT if requested by the PS.

The computer transforms optical measurements into inertial
coordinates and compares desired coordinates with actual
coordinates. The computer selects gyro(s) to be torqued and
gates the required pulses through the gyro torquing
electronics.

Each gyro is positioned as commanded by the computer until
the PCSS is aligned.

Stabilization Toop is establiished. This loop holds the

stabilized system inertially referenced as determined by star
sensor and commanded by computer. Gyros generate error sig-

nals {i) to indicate any change with respect to inertial &
space resulting in the gimbal torque motors being repositioned

(e).
PCSS data is routed through the system via:

1. A/D data provided to computer as status and/or position
indication.

2. D/A commands provided by computer to perform required
functions, '

5.2.3-27
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Data to the CRT at the PSS are provided depicting the health of
the system.

5.2.3.5.4.1 QOperational Modes

The aoperational modes of the pointing and control subsystem can
generally be classified into the following categories: dinitial
alignment and updates, attitude determination, stabilization,
and tracking/pointing. Each are described below.

o

a. Initial Alignment and Updating. This mode utilizes the star
tracker to establish the common reference frame for. the pay- >
load experiments. In this mode, the gimbals can be slewed
to zero or the Orbiter GN&C computer can transfer appropriate
data to the ASF support subsystem computer for aligning

- the gyro system to a coarse reference frame. In order to
perform the fine alignment, sightings on a minimum of two
ion-colinear stars are required. The ASF support subsystem
computer accepts the angular data received from these optical
measurements along with star catalog data stored in memory
and transforms it into an inertial reference frame for pre-
cisely aligning the GRA. The same procedure is repeated to
update the system to correct errors that are usually accrued
from gyro drift.

b. Attitude Determination. Outputs from the three gyros mounted
on the gimbal system are used to maintain an updated attitude
reference for the payload sensors and determination of the
LOS with respect to the inertial reference frame established
by star tracker sightings. The attitude data defining pay-
load position is transferred to the Orbiter GN&C computer to
majntain that the Orbiter spacecraft attitude is properiy
positioned during the payload operation.

c. Stabilization. 1In the stabilization mode, the stabilized
platform inertially referenced is isolated from spacecraft

5.2.3-28
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motion. The three gyros generate error signals to indicate
any change in orientation with respect to inertial space and
these signals are supplied to the gimbal torque motors which
reposition the APS.

Tracking and Pointing. This mode allows the LOS to be pointed
to a target and track the target in the presence of Orbiter
motion. The Orbiter position and target position are trans-
ferred into inertial coordinates and a command vector is
determined. This command vector is then transformed into
payload LOS coordinates and the gimbals are aiigned to

point the sensor{s) LOS to the desired pointing direction.

3.5.4.2 0Qperational Functions

In-Flight Alignment. The in-flight alignment of the PCSS
requires use of the Orbiter GH&C to maneuver the vehicle

to an attitude where target visibility is obtained and to
transmit star tracker pointing vectors to the support
subsystem computer. The computer generates gimbal commands
to point the star tracker along the star vector. Due to

the potential misalignments between the star tracker and the
Orbiter GN&C, it will be necessary to scan the star tracker
LOS over a predetermined field to insure star acquisition.

Prior to star acquisition, the gyro reference is initialized
with an approximation to the desired inertial attitude for
target tracking and placed in the inertial mode. Using

this approximate alignment, simultaneous star tracker and

APS gimbal angle readouts are taken by the subsystem computer
for two non-colinear stars.

Using this data the ASF support subsystem computer solves

for the refined final pointing system gimbal angles and
establishes a true inertial reference based on the desired

5.2.3-29
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pointing vector and gyro reference assembly outputs. It is
possible to update this alignment in a similar manner on a
periodic basis, or, if desired, near-continuous updating may
be performed utilizing optimal optional estimation techniques
and continuous tracking of a single star. The sequence of
operation discussed above is described in figure 5.2.3-8.

Target Pointing and Tracking. This mode provides the capa-
bility to track a target in the presence of QOrbiter motion
after initial alignment and/or acquisition has occurred.

This operation requires that outputs of the GRA and the STA
be combined by the subsystem computer to form an inertial
frame in the APS. The present inertial attitude is compared
to that desired, and appropriate gimbal torque commands are
generated to position the platform(s) to maintain the desired
inertial pointing vector. This vector may be fixed with
respect to the earth; however, its position is.aiways
referenced instantaneously to an inertial frame and appro-
priate bias rates are introdu.ed by the ASF support sub-
systems computer to enable tracking as desired. If it is
desired to track a non-inertialiy fixed target, the support
subsystems computer must be given the orbit ephemeris

on &8 continuous basis to yield the desired tracking accuracy.
Use of the star tracker in conjunction with the gyro refer-
ence assembly will allow for periodic updating of gyro drifts.

In order to meet the pointing accuracy requirements utili-
zing a centralized AMS, it will be necessary to establish and
monitor relative base motion of the various mounts. This

may be accomplished by optical transter techniques. These
alignment errors will be provided to the support subsystems
computer to establish the relative location to the various
mounts. The Laser Sounder (Instrument 213) pointing and
tracking operation will require near continuous updating

from the support subsystems computer. The Tollowing

5.2.3-30
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Figure 5.2.3-8. — Inflight alignment sequence.
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sequence of events is envisioned in the performance of

target pointing and tracking.

(1)

(4)
(5)

(6)

(7)

(8)

The ASF support subsystems computer generates the
desived pointing vector. Body fixed axis and inertial
pointing is desired.

This vector is transferred to the Orbiter computer.

The Orbiter computer determines the necessary inputs tao
the Orbiter flight control system.

The RCS maneuvers the Orbiter to the desired orientation.

Once there, the Orbiter is placed in attitude hold with
desired deadband.

The ASF support subsystems computer transforms the
desired pointing vector into the payload LOS coordinates
in terms of gimbal angles. The gimbal errors represent
the rotation required to position the LOS to the desired
direction.

The payload gimbals converge to the desired target
using the payload attitude sensors.

During tracking, calculations for positioning the gimbals
must be perfecrmed repeatedly to maintain the desired
pointing direction while both the target and Orbiter

are moving.

Figure 5.2.3-9 jliustrates a block diagram for perform-
ing the pointing and tracking regquirements. Tracking
aids, such as a TV camera system, could be advan -
tageous to the PS for those targets that require open
loop fly-by tracking. This requires that the TV camera
be boresighted to the flight package and slaved to the
flight package gimbal electronics.

5.2.3-32
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c. Solar Pointing and Tracking. For solar pointing and tracking,
sun sensors can be used to provide error signals to reposition
the LOS. The AMS can be used along with the subsystems compu-
ter to generate the desired pointing vector for the solar
monitoring platform LOS. This can serve as a coarse alignment
for the solar platform. Once the sun is in the solar tracker
FOY, the error signal is supplied to the solar monitor gimbal
system and the gimbals are torqued until the output error
signal from the solar tracker is nulled. This is illustrated
in figure 5.2.3-10.

For those instruments that require scanning the sun disk or
examining sections of the solar disk other than the center,
offset signals can be introduced into the control Toop.
Another approach is to use optical wedge offset pointing.

The fine sun sensor optical wedge subassembly i's rotated
to vary the angle of the incoming sunlight and produce an
offset of the experiment platform. This technique was
utilized with a high degree of success during the Skylab
mission.

Sun sensors are available, such as that used on Skylab, that
have an accuracy capability of approximately four arc seconds.

5.2.3.5.4.3 Qperations Management

The ASF subsystem computer and the APS with its associated GRA
and STA form the nucleus of the central reference system. Point-
ing and control of any subsystem will involve management of the
subsystem together with the APS. The outputs of the GRA and STA
are combined by the ASF support subsystems computer to yield

a constant APS inertial attitude. Gimbal drive commands for

one or all payload subsystems are generated by the computer as
required. Gimbal angle readouts together with other tracking

b.2.3-34
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sensor outputs are accepted by the computer and used to generate
a continuous update of pointing vector coordinates. These
coordinates are compared to the desired coordinates (after
suitable transformation) in the inertial frame defined by the
APS and suitable gimbal torque commands are generated to null
any existing tracking errors.

Orbiter attitude must also be Tactored into the pointing and
control tasks. Initial attitude when alignment of the APS takes
place will require crew coordination. Thereafter, the support
subsystems computer will monitor attitude through the APS. If
particular experiments require Orbiter attitude changes for
tracking or to prevent occultation, appropriate desired payload
bay pointing vectors must be furnished to the GN&C computer or
displayed to the crew.

The pointing and control operations for the ASF payload involve
two AMPS pointing systems plus a T1ight package that is hard
mounted to the pallet. In general, the simuitaneous operation

of all pointing systems is not required; however, there will be
occasions for the simultaneous operation of these systems. A
typical example of this is the simultaneous operation of the Laser
Sounder on module 1A and the optical instruments on module 1B.

The experiment requirements will govern the need for muitiple
operations.

The management of the APS wiil be performed by the support
subsystems computer and the payioad attitude reference system.

In the previous paragraphs, two subsystem approaches were discussed
for an AMS, central and distributed. Since the pointing accuracy
requirements for the APS vary from .01° to 6°, a central attitude
reference system with the capability of transferring alignment

data for alignment control could be implemented for the operations

5.2.3-3¢6
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and management of the APS. Therefore, this approach is suggested
for the poihting and control aspects of the ASF pavicad. Since
the optical instruments module requires the most stringent
stability and pointing accuracy, the AMS will be placed on the
pallet with this module.

Pallets A-1 and A-3 contain the two ASF APS.

a.

Pallet A-1. Module 1A on pallet A-1 contains the Laser

Sounder {Instrument 213) and the €as Release Module {Instrument
532). Module 1B contains optical instruments for investi-
gating the atmosphere (Instrument 534), solar monitoring
instruments (1002 and 1011) and particie beam diagnostic
(Instrument 550). The pointing and stability requirements

for the individual instruments within these flight modules

are shown in table 5.2.3-1.

The operational modes for the laser sounder system are point-
ing and tracking. The pointing accuracy for this sytem 1is
1°. Its reference base will be monitored and provided by

the AMS located on pallet 3. The tracking mode provides the
capability of maintaining lock on the target in the presence
of Orbiter motion. The technique required is descvibed in
the previous section. The Laser Sounder pointing control
will be provided by the computer. Resolvers provide poasition
readauts for use by the computer in generating both the
initial and update pointing commands.

The minimum pointing and stability requirements for the solar
flight package are 60 seconds of arc and 0.01° per second,
respectively. The solar instruments will be mounted together
and boresighted to a common LOS. The solar pointing and
tracking technique were discussed previously. A solar
tracker is employed to provide the necessary tracking and

maintaining lock on the solar disk during instrument operations.
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Pallet A-3. Pallet A-3 also contains two AMPS instrument
modules. Module 3A is configured with the Airglow Spectro-
graph (Instrument 116) and the Limb Scanning IR Radiometer
(Instrument 118), while module 3B contains the UV-VIS-NIR
Spectrometer (Instrument 122), the Fabry-Perot Interferometer
(Instrument 124), and the Infrared Interferometer {Instrument
126). The pointing and stability requirements for the indi-
vidual jnstruments within these flight packages are shown

in table 5.2.3-3.

The primary function of this platform is to point and control
the orientation of the common LOS of each flight module on
the paliet. The minimum pointing and stability requirements
dictated by the instruments on this platform are 0.1 degrees
and 30 seconds of arc per second, respectively. An additional
function of this platform is to provide the single ASF
attitude reference. Therefore, the present scheme is to
mount the AMS on this pallet. Alignment data and control
will be transferred through optical Tinks to the other APS

on pallet A-1. To accomplish these two Tunctions, the
operational modes are:

(1) initial alignment and update mode.
(2) attitude determination and control mode.
(3) target pointing and tracking mode.

These three modes of operation are discussed in detail in
previous sections.

Pallet hard-mounted platform. This filight package consists

of the particle accelerator instrumenis. Because of the

gross pointing and stability requirements (i.e., 2° to 6°

and 1°/sec., respectively), there is no need for a gimbal mount.
These requirements can be achieved utilizing the Orbiter

GN&C subsystem. Therefore, the Orbiter will be positioned
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in order to point the LOS of this flight package to its
desired target.

d. Boom system. Instrument 550 (Faraday cup, Retarding Potential
Analyzer, Cold Plasma Probe) is maunted on an extendable boom ;
which is attached to AIM 1B on pallet A-1. The instrument
must be extended generally above pallet A-4 during the
accelerator operations. The instrument must raster scan an 5

o area covering the accelerator beum width. (See paragraph

5.2.1). The scanning motion is provided by the APS for

AIM 1B. Instrumont 536 (Triaxial Fluxgate) must be extended

about 20 meters (66 feet) out of the payload bay. MNo special

provisions other than holding to mechanical teolerances are

required to meet the %£0.6° pointing accuracy for this :

[t

e AP e bt

instrument.

e. Subsatellite. Some of the ASF experiments require the use
of the PDS to obtain supporting data. When the subsatellite
is deployed, the Orbiter is used to point the subsatellite
in the proper direction for ejection. No other requirement
has been identified for orientation of the Orbiter relative
to the subsatellite except during recovery of the subsatellite.
Subsatellite attitude and rates can be of significant impor-
tance to ASF experiments and the compatibility of the AE
sateilite (used as baseline for the PDS) control system
should be evaluated in the next study phase.

) .
o 5.2.3.6 Analyses B

Pointing error sources discussed in this section fall within two
" - categories: (1) errors resulting from structural misalignments,
- and (2) errors related to the attitude pointing and control
system (APCS). These two types of error directly affect the
development of pointing techniques and system impelementation.

TR
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Structural errors result from the multitude of structural
interfaces separating the attitude reference sensors and exper-
iments, structural assembly errors, thermal deflection, etc.
Systems ervors are a function of the attitude sensors, gyro
drift, quantization of signals, noise, etc.

In the candidate PCSS described in the previous paragraphs, the
misalignment between the STA and GRA and the transformation of E
error signals from the gyros through the gimbals are manageable
by design and calibration techniques. However, the misalign-
ment between gimbal systems can have a significant impact. This
can be reduced by the arrangement of the gimbal platforms on the
pallet. Hore sophisticated methods such as optical links for
alignment control (reference figure 5.2.3~2) or a gyro package
for each gimbal system may be required to satisfy the pointing
accuracy for the paylcad sensors. Until the design approach
matures sufficiently to perform an error analysis, the pointing
technique cannot be finatized. The selection of attitude sensors
as well as the type of subsystem (central vs. distributed) is
also dependent on the error analysis.

The numerical values appearing in table 5.2.3-8 are typical errors
of related sensors that were used on Apolio and Skylab programs.

5.2.3.7 Conclusissms and Recommendations

5.2.3.7.1 Conclusions

A significant result of reviewing the Orbiter capability versus
payload requirements for pointing and stability is that the
uncertainties or errors in pointing knowledge of the Shuttle
reference system will exceed the requirements of many pay]pad
sensors. Since the Orbiter GN&C cannot satisfy all of the ASF
instrument pointing accuracy and stability requirements, it is
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TABLE 5.2.3-8. — SYSTEM ERROR BUDGET (1o)

Equipment Error
Star tracker gimbal accuracy 15 arc sec
Star tracker noise b arc sec
Star tracker quantization 1 arc sec
Star tracker bias error 4 arc sec
Star tracker to mount 10 arc sec
Gyro package to mount 10 arc sec
Gimbal resolver 5 arc sec
Gyro drift (time dependent) 10 arc sec
Gyro quantization 1 arc sec
Total 24.33 RSS*

Pallet deformation Unknown

Pallet misalignments Unknown

*Root Mean Square
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concluded that one or more gyro stabilized platforms for stability
and star trackers for pointing accuracy will be required to
provide the pointing accuracy and stability desired by the pay-
Toad instruments.

A centralized reference system utilizing a gyro reference assembly

and one or more star trackers can provide a common attitude

reference frame for all pointing subsystems. However, mounting e
of individual gimbal systems, pallet segment flexures, and

pallet segment misalignments may result in sufficiently

large errors that the addition of optical 1inks between the £
individual gimbaled platforms and the reference system may be

required for alignment control. An ailternate concept is to

provide a separate gyro/star itracker attitude reference unit

to serve each gimbaled system that requires a high degree of

accuracy and stability.

To summarize, the pointing/control and stabilization subsystem l“

conclusions are as follows:

a. The ASF pointing and stability requirements are more exacting
than that provided by the Orbiter GN&C system; therefore, a
payload attitude reference sensor and/or system is required.

b. The error budget for the attitude measuring system demonstrates
analytically that the ASF requirements can be met with state-
of-the-art hardware consisting of a precision strap-down
gyro-reference assembly and a star tracker to provide
attitude alignment and update. A solar sun sensor will be
needed for the solar platform to maintain the stability and
offset pointing requirements.

c. Either a gimbal or strap-down star tracker can provide the
necessary attitude reference for the payload.

d. A central reference system can provide a common reference
system for all gimbal systems but may require optical links
for alignment control.

R . . 5- 2- 3_42
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For open loop fly-by targets, the use of a TV system for
monitoring the instrument LOS pointing could be useful.

An interface between the payload star tracker and the Orbiter
GN&C computer is mandatory so that an inflight calibration
between the payload AMS and Orbiter reference system can be
performed to determine the basic error resulting from
structural deformation.

5.2.3.7.2 Recommendations

PCSS recommendations resulting from the study are as follows.

a.

A detailed error analysis must be complieted early in the
follow-on study so that the pointing techniques and attitude
sensors selection can be solidified.

Based on the error analysis, the type of subsystem, i.e.,
central or distributed, should be selected during the follow-
on study.

The sensors for the AMS can be selected atter the follow-
on study is completed.

At the time this study was performed, studies for instru-
ment pointing systems with an accuracy capability of 1 arc
second were being conducted. During the follow-on study an
assessment of these systems should be performed to determine
applicability to the ASF missions.
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5.2.4 COMMAND AND DATA MANAGEMENT SUBSYSTEM (CDMS)
5.2.4.1 Introduction

The objective of this phase of the study was to determine the
conceptual feasibility of acquiring., processing, displaying,
storing and transmitting the scientific and engineering data
generated by the ASF payload and to define a candidate CDMS.

Data rate and total data capacity requirements were derived from
ASF ID's (see appendix B) and a conceptual CDMS was established
using ESRQ/ERNO designed equipment where possible. Boundary
conditions for data acquisition, processing, storage, and trans-
mission were established and determined to be within existing
ERNO equipment and Orbiter facility capabilities.

Due to the ASF approach of providing complete onboard processing
capability for scientific data and control of experiments, many
areas of uncertainties in the data processing area exist. These
areas have been identified for further study considerations.

5.2.4.2 Requirements

The CDMS performs executive functions for the entire payload
system including the instruments and the support subsystems.
The functional requirements for the ASF CDMS are to provide the
following.

a. Data acquisition.
b. Data monitoring.
c. Data formatting.
d. Data processing which includes:
(1) Instrument/subsystem checkout.
(2) Sequencing and control of experiments and subsystems.

(3) Data compression.

5.2.4-1
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(4) Filtering, averaging, histogramming.
(5) Computing.
(6) Encoding and decoding.
(7) Data display.
(8) C&W display.
(9) Data recording. ,
)
(10) Data transmission.
5.2.4.3 Guidelines and Assumptions A
The CDMS, as defined for ASF, does not deviate from the ESRO base-
line system. Through the use of the igloo and its command
and data management components, and the extensive use of RAU's
for controlling instruments and acquiring data, the CDMS is cap-
able of performing the total ASF command and data management
tasks as currently defined.
Since certain details of the ESRO design are lacking, assumptions
have been made regarding the CDMS baseline capabilities. These
assumptions are listed as follows.
a. The maximum number of RAU's per pallet segment is four. It
is assumed that this figure is representative of each data
bus; i.e., that four RAU's per pallet segment can be used
for both the experiment bus and the subsystem bus, yielding
a total of eight RAU's per patllet. .
b. The serial pulse code modulated (PCM) input to each RAU can .
be used simultaneously with the analeog and discrete inputs.
This is & critical assumption for ASF. - i.

c. Both experiment and subsystem RAU's can be mounted in the aft
crew station. The ESRO documentation states that RAU's are

- 5.2.4-2
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mounted in the manned module for interfacing with the CDMS.
In the pallet-only mode, these RAU's are required in the aft
crew station.

d. The software resident in the CDMS mass memory may be altered
during the course of the ASF mission by crew dinput. Changes
may be in the form of different data processing routines on
punched tape. These changes can be read into the mass memory
as certain experiments are completed and their associated
processing routines are no longer required. This mode of
operation is required if the mass memory is unable to house
in residence all required software for the 7-day mission.
Software inputs to the mass memory may be uplinked from the
ground as a secondary mode of operation. However, this will
be done only if unexpected situations warrant such changes.

5.2.4.4 Additional General Assumptions

In addition to the assumptions made based on preliminary ESRO
descriptions, the following general assumptions are made.

a. Data processing, to the maximum extent possiblie, will be per-
formed onboard.

b. Ground control over certain aspects of the ASF mission will
be standard procedure if required.

c. Adequate space will be available in the aft crew station to
house two wideband analog recorders and associated electron-
ics. The tape transports will be accessible in flight for
tape changes.

d., The primary communications Tink for PDS data and control will
be with the Orbiter, although a direct 1ink with the STDN will
be available to complement the primary link if required. Data
from the PDS will be routed to the CDMS via the attached pay-
Toad interface. The primary communications link with the SPS
will be with the ground through TDRSS. These data may be up-
Tinked to the Orbiter if required.

5.2.4-3
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e. Communications links between the Orbiter and the ground,
either through the TDRSS or STDN, and between the Orbiter
and the PDS can be accomplished simultaneousiy.

f. The subsystem computer will have adequate speed and computa-
tional capacity to control the two APS required for ASF.

5.2.4.5 C(Capabilities and Constraints

The ASF instruments and support subsystems will utilize the Or-
biter avionics resources through the CDMS. The CDMS will share
the use of the Orbiter C&YW system to process and display safety
critical data, the Orbiter PMS to process engineering data for
both statusing and to back up the primary C&W system, the mission
specialist station (MSS) PCM recorder for data storage, the

Orbiter mass memory and general purpose computer (GPC) for constants

and utility storage (for state vector, orbit ephemeris, and
attitude data determination) and the FM and Ku band signal pro-
cessors to process scientific data for downlink STDN or TORSS
transmission.

The Orbiter payloads are limited to using 10K words of resident
GPC memory and 35K words of mass memory storage capability.
Hardiine engineering data transmission is limited to five chan-
nels and up to 64 kbps data rate and the hardline command rate
for unmanned payloads is 2 kbps.

The data rate from deployed payloads to the Orbiter is limited to
16 kbps and the command rate to payloads is 2 Kkbps.

Orbiter capability to handle scientific data is as follows.

a. MSS PCM recorder - Analog, 2.0 MHz bandwidth
~ Digital, 1.024 Mbps rate

b. S band FM downlink - Analog, 4.0 MHz bnadwidth
- Digital, 5.0 Mbps rate

5.2.4-4
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C.

Ku band downlink - Analog, 4.2 MHz bandwidth
- Digitai, 50 Mbps rate
uplink - 1 Mbps, max.

The numbeyr of C&W annunciators at the forward crew station dedi-
cated to payloads is limited to two at this time. The status
panel at the MSS will accept up to five payload C&W parameters.

5.2.4.6 Subsystem Description

A functional block diagram of the ASF CDMS is shown in figure

5.2.4-1, which depicts the total command and data flow, with
all instruments, pallets, subsystems, and subsatellites defined.

The CDMS consists of the following.

a.

1
& Cc.
" f.
i,
o
l) .

Three computers:
(1) Subsystem computer.
(2) Experiment computer.

(3) Backup computer (has capability to replace either exper-
iment or subsystem computer, but not both simultaneously).

Two I/0 units:

(1) Subsystem.

(2} Experiment.

Mass memory (shared by both computers).
Keyboard.

Data displays.

C&W electronics.

Wideband analoyg tape recorders.
RAU's.

CDU.

A%A Electronics.

5.2.4-5
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The CDMS provides to the ASF payload all services associated with
the command and control of each instrument, as well as data ac-
quisition, preprocessing, compression and transmittal of all data
generated during the conduct of each ASF mission.

The command subsystem executes all ASF instrument command infor-
mation in real time either by remote command from the ground, or
from the Orbiter aft crew station, or by a stored program regu-
Tating the orbit operational schedule. The command subsystem has
the capability to check validity of each command generated,
regardless of its source.

The command subsystem controls the operation of the full ASF in-
strument payload, which includes the paliet, the APS, the sub-
satellite, and the boom-mounted instruments. The proper
sequences of turn-on, warmup, operate, standby, and turn-offi for
individual instruments or groups of instruments, consistent with
the mission timeline requirements, are controlled through the
command subsystem.

Commands are sent to the pallet-mounted or boom-mounted instru-
ments and igloo mounted subsystems through the 1 Mbps data bus.
Again, these commands are initiated in real time by the Tlight
crew, the ground controllers, or by preprogrammed. command
sequences in response to externally sensed conditions.

Commands are sent to the subsatellite through the S band Phase
Modulated (PM) 1ink. These commands may be generated in the same
manner as those generated for pallet and boom-mounted instruments.

The data management subsystem provides acquisition capability for
all data generated by ASF payloads. Data may be acquired from
subsystems, pallet and boom-mounted instruments, and from
subsatellites. A1l data, with the exception of subsatellite
data, are managed through the 1 Mbps data bus, utilizing RAU's,

5.2.4-7
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or by wideband analog or TV data Tines. Subsatellite data are
recejved through the Orbiter S band PH communications system and
routed to the CDMS as digital and/or analog inputs.

The data management subsystem, after acquiring data from the var-

jous data sources, formats the data for compatibility with the

I/0 units, thus allowing the onboard computers to perform pre-
processing and data compression. This processing is dependent 3
on the particular experiment(s) being conducted, the mission

timeline, complexity of processing algorithms required, computer
availability, etc. The data will be processed to the highest b
degree possible within the constraints imposed. Experiment end
products are not defined to an extent which will allow details

of processing to be defined at this time.

I T

The processed data will be stored on magnetic tape or downilinked _
in either real time or delayed depending on the experiment require- ;
ments, detailed elsewhere in this report. l j

5.2.4.6.17 Command Subsystem

5.2.4.6.1.1 Command Generation

Commands generated on the ground are generally in response to
evaluations performed on downlinked data. Changes to the resident
software for data processing may be uplinked through the Orbiter
communications system. These changes are made and verified on )
the ground, and uplinked only on a programmed basis in accordance =
with the mission timeline. This technique of updating software

will only be used if required, however, and is further described

in section 5.2.4.6.4. The primary mode of software update/change .
will be by crew input.

Commands generated by the crew are primarily entered through the
keyboard input. These commands are 1limited to calling certain
displays and diagnostic information to the monitors, and to
iﬁitiating sequences for the conduct of certain experiments

5.2.4-8
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consistent with the mission profile. The crew, through the key-
board, has the capability of overriding preprogrammed sequences
and of altering the resident software to a Timited degree., The
keyboard is the primary crew interface with the computers. Other
commands generated by the crew consist of discrete and potentio-
metric inputs for selection of operating modes and instrument/
subsystem tuning adjustments. The majority of these commands

are routed to the igloo where they are converted to coded com-
mands prior to insertion into the data bus.

In addition to ground generated commands based on evaluation of
downlinked data, ground controllers have the capability of con-
trolling certain aspects of the ASF experiment, supplementing
crew control, as required. Details regarding the crew-ground
responsibilities are not treated in this report, and are greatly
dependent on currently undefined aspects of the mission
objectives.

The majority of commands for ASF payload and subsystems operation
are preprogrammed and stored in the CDMS mass memory. These
software routines consist primarily of sequences of commands
needed to conduct a specific experiment involving a number of
instruments, pallets, stable platforms, etc. These routines are
transferred from the mass memory intoc the appropriate computer
by command from the crew or the ground. The computer then con-
trols the conduct of the experiment or experiments, until
completion, or until an override command is received. Following
completion uf the particular experiment, or experiments, the
subject computer is reloaded with the next control program for
subsequent experiments.

5.2.4.6.1.2 Command Transmittal

As previously stated, all commands, whether generated by the
flight crew, the ground controller, or the flight computers, must
interface with the total ASF system at the applicable I/0 unit

5.2.4-9
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within the igloo. Those commands affecting the TSHS, the
pointing and control subsystem, the EPDS or the displays and
controls (D&C) subsystem are routed to the subsystem I/0 unit.
Commands affecting instrument operation are routed to the exper-
iment I/0 unit.

Within the applicable I/0 unit, the command, whether discrete or
analog, is converted to a PCM code compatible with the RAU's

and is routed through the 1 Mbps data bus to the RAU associated
with the instrument/subsystem being commanded. This RAU converts
the coded command into either discrete 0 to 5 VYdc outputs or
serial bi-phase L PCM outputs, and routes the command to the
instrument/subsystem. A full description of the RAU output capa-
bilities and characteristics is provided in table 5.2.4-1.

The subsatellite may be controlled by the payload or subsystem
computer through the Orbiter S band PM Tink. These commands may
be generated as preprogrammed sequences by the applicable com-
puter or may be generated by the flight crew. Ground control of
the subsatellites is yet to be assessed. 1In general, however,
the subsatellite will operate in a continuous mode, and will have
self-contained control sequences for such control functions as
spin rate, stabilization, etc. Orbiter supplied commands to the
subsatellite will primarily consist of initiating the prepro-
grammed sequences and operational control overrides.

5.2.4-10
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TABLE 5.2.4-1. — REMOTE ACQUISITION UNIT (RAU)
DATA OUTPUT CHARACTERISTICS

Discrete Qutputs

Number:

Type:

Qutput

Output
Qutput

Number:

Type:

Logic States:

16

Single-ended, positive with respect to
0 Vdc RAU common

Logic States: | "1" -{on) 45 * 1.0 Vdc

"0" -{off) 0 %= 0.5 Vdc
Power: 10 mA dc minimum at +4 Vdc
Impedance: 1 