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SPACE STATION SPARTAN (3S) STUDY
FINAL REPORT

1. INTRODUCTION

The Space Transportation System (STS) Shuttle Orbiter has provided
an opportunity to fly and recover short-lived, free-flying satel-
lites. The National Aeronautics and Space Administration's (NASA)
Goddard Space Flight Center (GSFC) has responded to this opportun-
1ty by designing and developing a group of carriers called Spartans.
These carriers have been developed using hardware and concepts pre-
viously used 1n the NASA Sounding Rocket and Get Away Special (GAS)
Programs. The Spartan carriers primarily support free-flying ex-
periments that require celestial pointing for astrophysics, solar
physics, X-ray, and cometary phenomena. Four Spartan carriers now
under development are shown in Figure 1-1.

Spartan carriers can be thought of as sounding rocket payloads that
have mission lifetimes of many hours rather than a few minutes.
Spartan 1s carried to altitude by the STS Orbiter and released to
operate for up to 40 hours as an autonomous subsatellite. Spartan
1s then retrieved by the Orbiter and returned to Earth for subse-
quent use, Figure 1-2 shows the operational scenario for a typical
Spartan mission.

The Space Station Spartan (3S) (Figures 1-3 and 1-4), 1s 1intended
to be an extension and enhancement of the present Spartan concept,
and as such, will conduct operations from the Space Station (S/S)
using the S/S's unique facilities and operational features. The
35, which will be deployed from and returned to the S/S, will con-
duct scientific missions of much longer duration than possible
with the current Spartan.

The 3S concept includes the following features:

® The free-flyer missions will be up to 3 months in duration.

® The 3S carrier will be parked at the S/S between missions.

® The replacement instruments will be stored at the S/S and
changed out at the S/S between missions. (On-orbit repair
of the instruments 1s not considered in this study).

® The spare 35S subsystem modules (power, command and data
handling (C&DH), attitude control system (ACS), and propul-
sion) will be stored at the S§/S; faulty modules will be
replaced at the S/S.

e The 3S carrier will be serviced by the S/S and, as required,
returned to Earth for refurbishment.
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e The Orbital Maneuvering Vehicle (OMV) will be used for
deployment and retrieval of the 3S.

® A 3S Payload Specialist will not be provided on the S/S.

® The complexity of the 35 will be minimized, wherever pos-
sible, by requesting services and resources from the S/S.

1.1 BACKGROUND

In January 1984, President Ronald Reagan directed NASA to proceed
with the development of a S/S. At this time, the NASA Space and
Earth Science Advisory Committee (SESAC) Task Force on Scientific
Users of Space Station (TFSUSS) was created. The task force was
appointed under the auspices of the NASA advisory council to pro-
vide a formal means of communications between NASA and external
science and applications research communities,

TFSUSS, under the terms of 1ts charter, was charged with the follow-
1ng responsibilities:

e To assist NASA in planning for the scientific use of the
S/S

@ To assist NASA in understanding the relationship between
new S/S capabilities and existing space science and applica-
ti1ons programs

e To periodically update scientific requirements on S/S hard-
ware and operation

e To act as a focal point for broad scientific community
1nput 1nto S/S activities

e To interact, as needed, with contractors during the defini-
tion phase of S/S development

The task force, under the leadership of Professor Peter M. Banks
of Stanford University, met 1n April 1984 to consider a broad
range of i1ssues relating to both the S/S Project and the role the
S/S would assume 1n future plans for space research.

This committee strongly endorsed the concept of a Spartan served
by the §/sS.




1.2 SPACE STATION SPARTAN HISTORY TO DATE
The history of the 3S to date 1s outlined as follows:

a. 1984

April--NASA Advisory Committee on Manned Space Station
(Dr. Peter Banks of Stanford University, Chairman) begins
work.

May--Dr. Novick of Columbia University (Platform Subcommittee
Chairman on the Banks Committee) contacts Jon Busse for GSFC
assistance.

July--Results of the "Attached Shuttle Payload (ASP) Study"”
of 3S provided to Dr. Novaick.

August--Dr. Novick presents GSFC information to Banks Commit-
tee. Group consensus favor small, free-flying carriers,

September-—-ASP Project provides rough order of magnitude (ROM)
cost estimate to Dr. Novick.

October 17--Dr. Novick releases draft of platform subcommittee
report for comment,

November/December—--3S concept reviewed with various GSFC
directorates.

December--Dr. Dave Gilman, NASA Headquarters, Code EZ, requests
and receives from the ASP Project preliminary data on 3S for
input to the Langley Research Center data base of S/S payloads.

b. 1985

January--Draft of full Banks Committee report endorses the
suitability of a Spartan serviced by S/S.

NASA/GSFC study of 3S begins.
1.3 POTENTIAL BENEFITS OF A SPACE STATION SPARTAN PROGRAM

Comments relating to the 3S concept have been abstracted from
the Banks Subcommittee Report and are presented in Appendix B.

The free-flying nature of the 35S would enable a single 1nstrument
(or a single purpose 1nstrument cluster) to view the full sky
unencumbered by any S/S or S/S platform viewlng restrictions,
Relatively long and stable observing times for a particular target
would become available, because the 3S would not interact with
other experiments or with S/S platform instability, disturbances,
or contamination.



The ability to meet unique scientific events (e.g., cometary phe-
nomena) would be possible, because the 3S 1s deployed from the
S/S and not tied to a STS launch, In addition, use of the 38
concept would make relatively small demands on the STS manifest,
because new or refurbished i1nstruments could be delivered and
stored at the S/S by the STS on a space available basis. The

38 (as with current Spartans and sounding rockets) would provide
pathfinder missions that enhance the laboratory development of
scilentific i1nstruments. Finally, the 3S 1s 1ntended to operate
in the Spartan mode--a relatively low-cost, quilck-reaction, quick
turnaround extension of the Spartan baseline program.

1.4 SPACE STATION SPARTAN STUDY

A NASA/GSFC 1n-house study team was set up in January 1985, The
objectives of this study were:

® To develop a credible concept for a 3S

® To define the associated requirements and i1nterfaces with
the S/S to help ensure that the Spartan will be properly
accommodated

Appendix C lists the study team personnel, the study schedule,
and special acknowledgements.

The end products of the study were defined as:

® A narrative (Final Report) that documented and defined the
38 concept including associated analyses and results. THIS
DOCUMENT 1S THE INTENDED REPORT.

e A viewgraph presentation that could be used for addressing
the requirements, the designs, the interfaces, the concepts,
and the scenarios to technical and management audiences,

The basic ground rules of the study were:

e A technical study should be carried out (1.e., costs not
included).

® Strawman payloads should be used for the first and second
missions. The Hopkins Ultraviolet Telescope (HUT) was
used for the first mission and a Solar Physics Instrument
Cluster was used for the second missiion. See Section
4 of this report for a description of these payloads.

e The results of the study should be treated as probable
inputs to i1ndustry S/S definition studies scheduled to
begin 1n Apral 1985,




2. SUMMARY

2.1

SPACE STATION SPARTAN SYSTEM

38 guidelines, defined at the beginning of the study, were revised
and updated as the effort progressed. These 1nitial guidelines
are as follows:

The scilence mission wlll be up to 3 months i1n duration.

The 3S carrier wlll be sized for Aries class instruments¥*
that may measure up to 44 1inches 1in diameter and 14 feet
in length,

Instrument weights of at least 3000 pounds should be accom-
modated.

The 3S carrier will be capable of supporting a total weight
(35 carrier and instruments) of 10,000 pounds (to allow for
instrument weight growth potential).

The 3S will be transported to the S/S 1n the STS Orbiter bay
with the scientific instruments mounted transverse to the
Orbiter X-axis (to minimize control length).

3S subsystem modularity 1s essential., (These modules in-
clude attitude control, power, C&DH, and propulsion.)

Radio frequency (RF) command and data links with two-way
transmission to the ground through the S/S are required.
Line-of-sight communications between the 3S and the S/S

(range = 1000 nautical miles) will be maintained.

3S power wl1ll be obtained from a solar array and recharge-
able batteries,

Three axis attitude control of the 3S 1s requaired.

The C&DH subsystem (CDHS) will be able to accommodate an
onboard tape recorder,

38 redundancy will be minimal except as required for safety
and for 3S retrieval.

The overall 3S configuration that resulted from this study 1s shown
in Figures 1-3, 1-4, 2-1, and 2-2. The basic structure consists of

*Instruments that fly on the Aries sounding rocket (the largest
instruments flown on NASA sounding rockets)
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an "across-the-bay" (Orbiter) bridge with provision for the attach-
ment of replaceable ACS, C&DH, power, and propulsion subsystems and
the changeout of scientific i1nstruments.

The proposed operational scenario (typical) for the 3S Program is
shown 1n Figure 2-3. This figure summarizes necessary STS flights
between the Earth and the S/S, activities at the S/S, and deploy-
ment, data collection, and retrieval operations of the 3S and the
scilenti1fic instruments. Refer to Section 3.3 for a more detailed
description of operations.

During the study, more than one version of each subsystem and mode
of 3S operation was considered. Figure 2-4 briefly summarizes the
38 subsystems and operational modes that were 1nvestigated. The
dotted line ties together the most basic subsystems and modes,
which appear to be the least complex (and presumably the least
costly) 1n terms of the 3S. The solid line ties together the
"strawman" subsystem and the modes, which are considered necessary
to accomplish the objectives of the Hopkins ultraviolet telescope
(HUT) and the solar physics cluster strawman payloads chosen for
this study.

The basic system could serve a community of users who are satis-—
fied with pointing capabilities similar to those of the current
STS Spartan Program (10 arc-sec p-p jitter, 2 arc-min absolute
pointing) but who need longer (1 to 3 month) periods of data col-
lection. (Refer to Section 4 for a discussion of possible users,)
The basic 3S system 1s not able to achieve the pointing require-
ments of the strawman payloads because of ACS limitations. Also,
the basic (fixed position) solar array probably would have marginal
power. The basic 3S configuration however, could be considered
as a useful first step 1n a 3S development effort where limited
early funding is a major consideration.

The strawman 3S configuration uses a sophisticated ACS to achieve
low (1 arc-sec p-p) jitter, high accuracy (30 arc-sec) absolute
pointing and a somewhat more complex (two position) solar array
to ensure adequate power for all possible celestial targets.

When reviewing the differences between the basic (dotted line)
and the strawman (solid line) configurations note that:

® The use of the most basic (simpler, lower performance)
ACS 1ncreases the amount of hydrazine required by the 38
because 1nertia wheels are not carried.

® An 1i1ntermediate ACS (with 1nertia wheels and STS Spartan-
type gyros) 1s another possible choice that offers low
(1 arc-sec p-p) jitter but does not i1mprove absolute point-
1ng accuracy.
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e The basic (less complex, no tape recorder) C&DH subsystem
was selected for the HUT and the solar cluster payloads
because the complexity and cost of the 3S were reduced
and continuous real-time data were not considered a great
burden on the S/S.

e The basic (fixed S/S antenna) communications subsystem was
selected for the HUT and the solar cluster strawman pay-
loads, because the achievable 500 kilobits per second (kbps)
data rate and the 250 n.m1. maxlimum range were considered
acceptable,

e The OMV was selected for use within 20 n.m1 of the S/S,
because 1t has a cold gas propulsion system for minimal
contamination and because the S/S crew has the capability
to control the OMV when 1t 1s within the "control zone"
(20 n.m1.).

e The 3S propulsion system was selected for use beyond 20
n.mi1, because only a small i1ncrease 1n hydrazine was needed
1n addition to that already required for stationkeeping.
(See next bullet.) The need for OMV support was also re-
duced.

e A 3S hydrazine propulsion system with firings commanded from
the ground was considered the basic stationkeeping mode and
was proposed for the HUT and the solar cluster strawman
payloads. An enhanced version with autonomous stationkeep-
i1ng capability, however, could have merit and should be
considered as a future development.

e The basic 3S structure and thermal control subsystem are
suitable for the HUT and the solar cluster payloads, so
enhanced versions were not studied.

Additional information about the 38 system and subsystems are pre-
sented in Sections 3 and 5, respectively of this report. Further
information about science payloads may be found in Section 4.

2.2 SUMMARY OF SPACE STATION ACCOMMODATION REQUIREMENTS FOR SPACE
STATION SPARTAN

The following paragraphs describe the requirements that must be
included 1n S/S plans, concept, and design 1in order to accommodate
the 35. Supporting i1nformation 1s presented 1n various sections
of this report, especially Sections 3.2, 3.3, and 7.2.

Note that the following accommodations requirements assume that
only one 3S flight carrier and only one 3S storage carrier are de-
ployed on the S/S. A larger fleet of carriers would require pro-
portional 1ncreases 1n storage space, service space, power, and

RF relay capacity.



2.2.1

Mobile Remote Manipulator System

The Mobile Remote Manipulator System (MRMS) 1s required to move

the 38

(carrier, storage carrier, and scientitic instruments) and

support systems on the S/S. The MRMS will perform the following:

2.2.2

Move 3S with 1nitial scilence i1instrument (1) from Orbiter
to spacecraft service area

Move OMV to spacecraft service area

Deploy 3S/0MV

Grapple 3S/0MV and place 1t 1n the spacecraft service area
Move OMV to OMV refueling service area

Move 3S storage carrier with replacement 1nstrument (2)
from Orbiter to storage area

Move 1instrument 1 from the 3S to temporary storage 1in the
storage area

Move 1nstrument 2 from storage to spacecraft service area

Move instrument 1 from temporary storage to 3S storage
carrier

Move 3S from spacecraft service area to refueling bay

Move 3S from refueling bay after refueling to spacecraft
service area

Move 3S and 3S storage carriers from spacecraft servicing
or storage areas to Orbiter for return to Earth

Extravehicular Activity

Extravehicular activity (EVA) 1s required to accomplish the foliow-

ing 38

tasks:

Deployment of solar array and visual inspection of 3S in
spacecraft service area

Instrument changeout--remove 1instrument from 3S carrier
and replace with new i1nstrument

3S subsystem module changeout--remove defective module
and replace with spare module



2.2.3 Orbital Maneuvering Vehicle

The OMV will be used to deploy and retrieve the 3S.

2.2.4 Spacecraft Service Area

The 38 with solar array deployed will require a 15-foot dirameter
by 20-foot long space 1in the spacecraft service area. The 38

must be located in a position that ensures enough volume to attach
or remove the OMV from one end and deploy the solar array at the
opposite end. This volume must have longeron and keel fitting
trunnion mounts to secure the 3S.

A version of the STS Standard Umbilical Retractor System (SURS)

at the 3S mounting location is required for battery charging,

for providing external power to the 3S and the heaters, and for

3S control, status monitors, command, and telemetry data to and
from the S/S. Data and power will flow from the 3S-mounted STS/SS
Interface Unit (IFU) through the SURS to the §/S crew servicing
area and communication systems.

The 3S, when mounted 1n the spacecraft servicing area in a power-
off condition, will require a thermal shroud similar to the shroud
described in paragraph 2.2.5. This shroud should maintain 1its
contents 1n a +7°C to +24°C temperature environment,

Instrument replacement in the 3S carrier will be performed in the
spacecraft service area. The replacement procedure will require
bringing the replacement instrument from the storage area, conduct-
ing EVA to remove the previous 3S i1nstrument, installing the re-
placement i1nstrument, and returning the replaced instrument to
storage. Checkout of the 3S with the new instrument will be
through S/S Tracking and Data Relay Satellite (TDRS) link to the
GSFC Space Station Spartan Operations Control Center (3SOCC).

Replacement of the 3S subsystem modules will be performed by EVA
1n a manner similar to instrument replacement.

2.2.5 Storage Bay

A dedicated volume in the storage bay 1s required to store the 38
storage carrier. The volume required 1s 15-feet diameter by 8-feet
length and requires trunnion/keel fitting attachments to secure

the carrier. A version of the STS SURS-type umbilical 1s required
to provide power for the survival heaters,

If a 3S carrier (1.e., operational 3S) must be stored for an ex-
tended period between missions, additional volume (15-feet diameter
by 8-feet long) must be allocated in the storage bay with provi-
si1ons for mounting and power,

N
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The storage area should be equipped with a thermal shroud that
provides environmental control to maintain 3S equipment between
temperature limits of 7°C to 24°C when the 3S 1s 1n a power-off
condition., Life cycle testing on batteries stored at relatively
high temperatures (>5°C) for long periods must be carried out
before this scenario is finalized.

2.2.6 Spacecraft Refueling Area

The 35S propulsion system uses hydrazine as a propellant. The
spacecraft refueling area will require longeron and keel trunnion
fitting attachments for securing the Spartan.

A version of the STS SURS umbilical connector 1s required to pro-
vide heater power and to monitor the status of the 38.

The propellant will be loaded from the S/S storage tanks to the

3s by a standard remotely controlled quick disconnect coupling.

The S/S requires a standard refueling system to load the correct
amount of propellant into the 3S.

Each 3-month 3S mission will require approximately 850 pounds
of hydrazine (maximum propellant weight) and 10 pounds of gaseous
nitrogen for pressurization, See Section 5.8,

2.,2,7 Other Space Station Requilrements for Space Station Spartan

The S/S control system used for operating and monitoring the 3S
w1ll be located 1n the crew servicing area. This control system
will provide the following:

® A hardline (electrical cable) to 3S.

e The S/S crew will be able to exercise control and display
critical functions independent of 3S telemetry/command
(TLM/CMD) link and will permit override of certain 3S func-
tions as required for safety.

e Lighting for EVA, as required,
® A closed-circuit television (CCTV) for EVA, as required,

e A module servicing tool for removing and installing the
modules.

® Approximately 130 watts of S/S power for initial battery
charging and 25 watts for battery trickle charge when the
3S 1s being serviced between missions.

© A command and telemetry two-way RF link (S-band) from the
GSFC 3S0CC to 3S by TDRS/S/S relay. A real-time TLM data

[\
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rate of 500 kbps and a real-time uplink of 2 kbps are re-
quired. It is anticipated that tracking information (3S
wlith respect to S/S) will be provided by S/S as a standard
service,

e An S-band, fixed-beam antenna mounted on the §/S that should
have a 20° by 20° beam directed behind the S/S (1.e., oppo-
site to the velocity vector of the S/S).

e The S/S contamination monitors located in the spacecraft
service, storage, and refueling areas are required to verify
the contamination environment surrounding the 3S during
instrument changeout, repair, storage, and refueling.

e When the thermal shrouds are open, approximately 400 watts

of S/S power are required for the survival heaters if the
35 1s 1n the powered-down mode 1n the service, storage,

or refueling areas.

2.3 SPACE STATION SPARTAN STUDY CONCLUSIONS AND RECOMMENDATIONS

2.3.1 Carrier Capabilities

The 3S carrier will be capable of providing the following services
to an experimenter:

@ The carrier will be sized for instruments that may measure
up to 44 inches i1n diameter and 14 feet 1in length.

® An 1nstrument weight up to 5000 pounds can be accommodated.

@ A three axis attitude control system for stellar and solar
pointing wi1ill be provided. Pointing accuracies and jitter
are mission unique and are outlined in paragraph 2.3.2.

e Power of about 300 watts orbital average will be available
for the instrument configuration.

e Command data will be available through a standard RS422,
1200 baud serial-digital interface,

® The telemetry system will accept low rate instrument house-
keeping information through a standard 1200 baud, RS422
interface, A medium rate real-time telemetry system for
instrument scientific and housekeeping data will be pro-
vided. This telemetry system will have a total data rate
capability of 500 kbps.



2.3.2 Space Station Spartan Design Concepts

The subject study has established three credible 3S design concepts
that vary from each other i1n performance and complexity. These
concepts are:

e A "basic" 3S version that uses subsystems (and operational
concepts) that are less complex and less costly than other
versions considered below. The ACS for this system uses
STS Spartan gyros and hydrazine thrusters for control.
Performance 1s 10 arc-sec p-p for jitter, and 2 arc-min for
absolute pointing. This ACS is referred to in this report
as configuration 1.

e A 3S version that uses an "intermediate" ACS with STS Spar-
tan gyros and momentum exchange wheels. Performance is
1 arc-sec p-p for jitter, and 2 arc-min for absolute
pointing. This ACS is referred to as configuration 2.

e A "strawman" 3S version that uses subsystems necessary
for accomplishing the objectives of the HUT and solar phys-
ics strawman payloads. A Multimission Modular Spacecraft
(MMS) type ACS is used. Performance is 1 arc-sec p-p for
jitter, and 30 arc-sec for absolute pointing. This ACS
1s referred to as configquration 3.

Based on a preliminary survey, each of these 3S versions appears
to have a user group. See paragraphs 4.1.1, 4.1.2, and 4.1.3.
Furthermore, it appears reasonable to believe that a 3S program
initiated with the design and development of the basic 38 version
could with sufficient resources evolve smoothly toward the higher
performance 3S versions,

2.3.3 Propulsion

A 3S propulsion system 1s required for stationkeeping. Hydrazine,
which is preferable over cold gas except for short (1 1/2-month)
missions, is the only fuel adequate when the propulsion system is
also used for ACS torquing (basic ACS). The propulsion system is
well suited for moving the 3S from the vicinity of the S/S (20
n.mi.) to 1ts desired orbital position (e.g., 250 n.mi.) and back.
Only a small increase in hydrazine is required for this function
beyond that already needed for stationkeeping and ACS torquing.

For 3S deployment and return to the S/S, OMV operation out to

20 n.m1. 1s recommended based on expected S/S safety requirements.
3S propulsion is recommended for maneuvers beyond 20 n.mi. 38
deployment by "catapult" or "differential ballistics” would further
reduce use of the OMV and can be studied. 3S hydrazine propulsion
system firing commanded from the ground is considered as the normal
stationkeeping method. An enhanced version with autonomous station-
keeping capability may have merit and can be studied.



2.3.4 Structural Subsystem

An adaptation of an "across-the-bay" structure proposed for the

STS Spartan Program appears to be well suited for use as the 38
primary support structure. The proposed aluminum structure 1is
designated as Drop Box Spartan Flight Support Structure (DBSFSS).

A properly designed DBSFSS, used initially to carry class 100/200
(40-hour mission) Spartans and GAS contalners, could accommodate
Aries class payloads and could eventually be used as the 3S primary
support structure. It 1s recommended that the design and applica-
tion of this structure be i1nvestigated further and that fabrication
of a demonstration unit be considered.

2.3.5 Power, Command and Data Handling, and Communications

The solar array design is simplified by requiring that the 3S

be maneuvered to always keep the Sun i1n or close to the ¥Y-Z plane
(Figure 2-2), which also contains the science instrument. The
array 1s positioned by EVA before each science mission. In the
basic version of the 3S, the array remains 1n a fixed position
during the mission, For the HUT strawman payload application

1t 1s necessary that the array angle be moved to two angular posi-
tions during the mission (using motor drive and command from the
38 ACS). The basic (no tape recorder) 3S C&DH subsystem was also
selected for the strawman payloads, because 3S complexity and
cost are reduced and continuous real-time data transmission 1s
not believed to be a great burden on the S/S. The basic (fixed
S/S antenna) 3S communications subsystem was also selected for
the strawman payloads, because the achievable 500 kbps data rate
and 250 n.m1, maximum range are consldered quite acceptable. The
3S data rate can be 1increased from 500 to 3000 kbps by decreasing
the separation distance from 250 to 100 n.mi. This data rate

1s considered the upper limit for the C&DH subsystem because of
hardware limitations.

2.3.6 Mission Scenario

A detailed scenario has been established for operating the 3S at
the S/S, and associated S/S accommodation requirements have been
defined for the 35. All support required from the §/S for 38

appears to fall within the capabilities indicated in current pre-
liminary S/S definition documents.* The 3S study results should

*"Space Station Definition and Preliminary Design," Request for
Proposal, September 15, 1984;

"Space Station Reference Configuration Description," JSC-19989,
August 1984.




be useful to more detailed, upcoming industry definition studies
of the S/S.

Changeout of 3S science instruments at the S/S appears feasible,
Instrument-to-ACS alignment, however, 1s a concern that requires
investigation. 3S subsystem module changeout at the S/S is fea-
sible using techniques similar to those used for the Solar Maximum
Repair Mission (SMRM).

The 3S scenario that was developed depends on EVA's for many activ-
ities including solar array deployment and positioning, thermal
louver cover removal and installation, instrument changeout, 3S
subsystem replacement, and transfer of "separated" instruments

and modules into and out of a 3S transport carrier that remains

in the Orbiter cargo bay. The turnaround time between two 3S
science missions may be as short as a few days, assuming that

the necessary S/S support coincides with a suitable science window.

2.3.7 General

Cost estimates for the 35S are not included in the current study.
38 cost studies will be conducted in the near future. Future
studies could explore the utility and feasibility of an "economy"
version of the 35 that uses cold gas for propulsion and ACS
torgquing, and is limited to missions of 1 month or less with
restricted instrument weights and inertias.



3. SPACE STATION SPARTAN SYSTEM DESCRIPTION

3.1 SPACE STATION SPARTAN PHYSICAL DESCRIPTION

The 3S consists of a standard carrier system (3S carrier) that
supports mission-unique scientific instruments. The 3S with the
strawman HUT instrument will have a gross welght of approximately
6000 pounds., Total 3S weights up to 10,000 pounds are feasible
because of the carrier's inherent strength (based on preliminary
design and analysis using load factors of +8.0, +4.5, and +8.0

1n the Orbiter bay X, Y, and 2z directions).

Figures 1-3 and 1-4 show the 35S 1n free orbit with the solar array
deployed. Figure 2-1 is an exploded view of the 35 and shows the
location and attachment of the modular subsystems and the HUT 1in-
strument. Figure 2-2 1s a three-view drawing that provides major
dimensions of the 35S configuration,
Table 3-1 lists the estimated weight breakdown and moments of
inertia for the 3S carrier with the HUT payload. The 3S carrier
consists of the following major subsystems:

@ Carrier structure

e Power

e Command and data handling

e Communications

e Attitude control

e Propulsion

® Thermal control

These subsystems are described briefly in this section and are
discussed 1n greater detaill 1n Section 5 of this report.

3.1.1 Carrier Structure Subsystem

The 3S carrier structure consists of a primary support structure
and an instrument interface structure. The primary support struc-
ture includes a central semimonocoque box to which all of the 3S
subsystems are attached. The trunnion fittings permit this struc-
ture to be mounted both in the STS Orbiter bay and in the S/S
service, storage, and refueling areas. The primary support struc-
ture and its trunnion attachment points are shown in Figure 3-1.

The instrument interface structure, which supports the HUT (or
other science instrument) and related instrument electronics, 1s
attached as a unit to the 3S primary support structure by a



Table 3-1
3S Subsystems Estimated Weights and
Moments of Inertia with HUT

Moment of Inertia
Weight About 3S c.g.
Subsystems (1lbs) STS Coordinate Directions
(1) (slug-ft2)
Tyx Iyy Lzz
Carrier
Structure
e Primary support structure
(including trunnions) (2) 1620 1930 600 1790
® Sclence payload interface structure 400 60 50 70
Power
e Module 250 120 100 185
® Solar array (including structure
and drive system) 250 100 750 750
C&DH Module 100 10 40 40
ACS Module 200 100 80 150
Propulsion
e Components and structure
(with tanks dry) 320 150 140 60
e Propellant (3) 220 90 80 30
Wire Harness 100 140 40 160
Miscellaneous and contingencies {15%) 520 400 280 490
Carrier Subtotal (with propellant) 3980 3100 2160 3725
Science Payload (HUT)
Instrument Telescope 1550
Instrument Electronics 120
Miscellaneous and contingencies (15%) 250
Science payload subtotal 1920 800 500 450
Total: 3S with HUT (with propellant) 5900 3900 2660 4175
Notes:
(1) The weights of the subsystems include all components, module housing,

module 1nternal support structure, external attachment mechanism, and thermal
louvers,

(2) The weight estimates assume two stabilizing trunnions--only one trunnion
1s used for taking STS loads, the other trunnion 1s used for handling at the
S/S and wi1ll be lighter in weight. The weight of all trunnions, however,

are assumed equal for this table.

(3) Hydrazine for BUT 3-month mission (132 1lbs for stationkeeping and

88 pounds for 3S deployment/retrieval maneuvers). Tankage sized to carry
up to 840 pounds of hydrazine (needed for mission where propulsion system
provides all ACS torquing).
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Figure 3-1. Space Station Spartan Primary Support Structure
with Attachment Points to STS Orbiter

a standardized six point mechanical disconnect system shown in
Figure 2-1, The instrument passes 1nternally through the primary
support structure at a 30° angle to the STS Orbiter Z-axis in a
plane normal to the X-axis. This orientation allows the 3S to
accommodate a maximum length instrument without interfering with
the carrier's structural members or exceeding the STS dynamic
envelope.

The attachment system 1s designed to maintain instrument/carrier
alignment, to efficiently carry launch and landing loads, and

to allow quick exchange of instruments. The electrical interface
is a single standard connector that is self aligning and automati-
cally engages and disengages with the changeout of the instruments.

The ACS, power, and C&DH modules are attached to one side of the
box structure by MMS-type fittings that have demonstrated ease



of changeout on the SMRM. Heat dissipation and temperature control
are provided for the three modules by radiators equipped with
thermal heaters and covered with thermal louver assemblies.

3.1.2 Power Subsystem

The power subsystem consists of two major units: the replaceable
power module and a deployable solar array containing panels that
may be replaced when the 3S 1s at the S/S.

The power module contains batteries and related electronics. The
solar array 1s mounted on the opposite side of the spacecraft

from the power module. The array, when deployed, forms a plane
surface 128 by 163.2 inches supported by a shaft that runs down
the center of the array along the 163.2-i1nch length. The array,
for storage, 1s folded at 54.4-1nch i1ntervals normal to the shaft
to form a package of three stacked 54.4- by 128-inch panels. This
package may be clamped against the side of the primary support
structure central box to resist loads during Orbiter launch and
landing.

Deployment and storage of the solar array at the S/S 1s accom-
plished by EVA. At all stages of deployment, the array remains
within a 15-foot diameter circular envelope which has a center
that 1s the rotational axis of the array. Thus, the array could,
1f desired, be deployed 1n the STS Orbiter bay as well as at the
s/S.

The 3S power subsystem features direct energy transfer with a
malin power bus at +28 volts, +2 percent, a load capability of
642 watts orbital average for stellar-pointing missions, a load
capability of 594 watts orbital average for solar-pointing mis-
sions, three 20 amp-hour rechargeable nickel-cadmium batteries,
and the two-position solar array.

3.1.3 Command and Data Handling Subsystem

The CDHS 1s packaged 1n a replaceable module similar to but smaller
than the power module. The CDHS features telemetry variable (by
command) from 4 to 500 kbps, command rates selectable at 125, 1000,
or 2000 bps, five instrument interfaces that have 1200 baud RS422
ports for low-rate data and command, adjustable real-time telemetry
data rates to 500 kbps through the serial-digital ports to the
medium-rate multiplexer, and selected data/command discrete links.

3.1.4 Communications Subsystem

The RF communications subsystem features a 5 watt standard S-band
transponder with two hemispherical antennas that send to and
receive from the S/S. These antennas are positioned on the 3S
carrier to provide adequate signal regardless of spacecraft orien-
tation with respect to the S/S.



3.1.5 Attitude Control Subsystem

The ACS is packaged in a replaceable module similar to that of
the power subsystem. The subsystem features stellar- and solar-
pointing capability with three-axis control and uses rate gyros,
star trackers, Sun sensors, maghetometers, magnetic torquers,

a microprocessor, and depending on the ACS capabilities selected,
reaction wheels,

3.1.6 Propulsion Subsystem

The 3S propulsion subsystem is a self-contained unit that attaches
to the load carrying structure on the underside of the carrier

by six pins that allow relatively easy removal and installation.
The propulsion system, which provides a stationkeeping capability,
may be used for maintaining ACS control and for transporting the
3S away from and back to the vicinity of the S/S. The subsystem
consists of hydrazine thrusters, latch valves, and necessary pro-
pellant tankage.

3.1.7 Thermal Control Subsystem

The thermal control suhsystem consists of the thermal louvers

(on the power, C&DH, and ACS modules), the thermostatically con-
trolled heaters, the thermal blankets, and suitably treated radia-
tion surfaces.

3.1.8 Space Station Spartan Handling Provisions

A total of three RMS grapple fixtures are attached to the 38 (Fig-
ures 2-1 and 2-2). Fixture 1 is attached to the side of the car-
rier on the X-axis (center line) of the Orbiter cargo bay for
handling by the S/S MRMS and for attaching to the OMV, Fixture

2 1s attached to the upper surface of the carrier primary structure
and 1s used during transfer out of and into the STS Orbiter. Fix-
ture 3 1s attached to the experiment payload interface structure
for removing and installing the experiment payload.

3.2 SPACE STATION SPARTAN SYSTFM INTERFACES

The 35S telemetry and command flow is shown in Figure 3-2, Note
that 3S, S/S, TDRS, and ground systems are included. The S/S
should provide a transparent communications link for the 3S TLM/CMD
data with the ground i1n both the attached servicing mode and the
operating mission mode. 3S generates commandable telemetry data
rates between a few kbps to 500 kbps, and receives command data

at the standard rates of 125 bps, 1 kbps, or 2 kbps. 3§ will
require continuous TLM/CMD coverage to the ground during the mis-
sion mode because onboard data storage will not exist in the basic
configuration. This system is identical to that being provided

on Hitchhiker-G. An optional capability, however, does exist

for adding two NASA standard tape recorders 1in the C&DH module.
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3S communications are discussed further in Section 5.5, and ground
systems are discussed 1n Section 6.

The block diagram for the 3S (3S carrier and science instrument)
is shown in Figure 3-3. To minimize the number of electrical
interface connections between subsystem modules, the TLM/CMD inter-
faces use differential serial-digital ports (basically one for TLM
and one for CMD). The ACS and power modules will need to inter-
nally multiplex telemetry data, provide a blocked data packet on
one serial-digital port, and decode commands on the other serial-
digital port. 1In addition, a limited number of discrete data and
command functions may be provided for safety or redundancy pur-
poses. Other subsystem interface connections are required such

as survival heaters, RF antennas, solar array, solar array drive,
switched/unswitched power, thruster drive signals, and STS/SS
hardline interfaces. A switched power relay box is located in the
power module, and the hydrazine thruster valve drive electronics
are located in the ACS module,

The instruments, which are intended to be routinely replaced at the
S/S, will need electrical 1interfaces that allow easy simulation of
the 35S at the Principal Investigator's (PI's) Instrument Develop-
ment Facility. To allow for the transmission of data and command
between the instrument and the instrument ground-support equipment
(GSE) 1n a transparent mode, a standard electrical interface 1is
implemented between the instruments and the C&DH module. Five
instrument ports (for a five-instrument cluster) within the instru-
ment structure will provide the following functions at the C&DH
interface:

e Switched +28 V power

e Bidirectional asynchronous data 1200 baud RS-422 ports
to handle low-rate data from the instrument and command
data to the instrument

® Medium rate data from the instrument for rates up to 500
kbps for the total 3S.

® Optional instrument generated error signal for aid in atti-
tude control

® Survival heater and keep-alive power

The subsystem modules are electrically mated through a docking
connector mechanism similar to that used on MMS. Mating occurs
as the module is physically bolted onto the carrier structure
through a floating insert and alignment arrangement. The instru-
ment i1nterface structure provides an electrical connector docking
arrangement similar to that used for the subsystem modules. The
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arrangement similar to that used for the subsystem modules. The
35 carrier interfaces with the STS Orbiter and the S/S through an
IFU located on the 3S carrier, Thils unit provides distribution
and signal conditioning of the hardline functions between the 35S
subsystem modules and the STS S/S.

A capability is planned within the S/S scientific laboratory module
(SLM) to allow the S/S crew to exercise control and display of
critical functions independent of the TLM/CMD link. The 3S expects
to utilize this feature, These functions ensure the safety of

the S/S and crew and provide manual operation of inhibits, power
control, and system survival. Although specific functions are

not 1dentified at this phase of the program, the more general
requirements to support the 3S are as follows:

a. Control Functions

Power connect/disconnect

Battery connect/disconnect
Battery charge control

Hydrazine latch valve open/close
Survival heater enable/disable
ACS 1nhibit/reset

IFU on/off

b. Display Functions

Power disconnect status
Battery on/off status

Latch valve positions
Pressure transducer monitor
Battery voltage monitor

Bus voltage monitor

Battery temperature monitor
ACS status

IFU on/off

The IFU contains a dc-dc power converter for internal logic. It
is expected that the S/S will provide a +28 volt power source for
the IFU., This +28 volt source should be controlled from the SLM.
A power regulator 1n the IFU regulates or "cleans up" the STS or
S/S +28 volt power source before 1t is passed on to the 3S primary
power bus. The power regulator 1s required to handle the 3S peak
load capability of 800 watts, The need for the 800-watt regulator
will be evaluated when the S/S capability 1s defined better.

The S/S-to-3S interface connector 1s sized to be equivalent to the
capability of the STS SURS which allows for 124 payload pins within
a 128-pin connector,



3.3 SPACE STATION SPARTAN MISSION SCENARIO - OPERATIONS AT THE
SPACE STATION

Several different 3S operational scenarios may be considered--each
with particular advantages and disadvantages. This sections de-
scribes one promising scenario that was presented in Section 2.1
(Figure 2-3). The scenario requlres three different "carriers"
that are defined as follows:

a. 3S Operational Carrier--The 3S operational carrier 1s cap-
able of taking scientific instruments on free-flight mis-
sions beginning from and ending at the S/S. This opera-
tional carrier 1s designated as 3S carrier and 3S when
mated with a science 1nstrument.

b. 35 Storage Carrier--The 3S storage carrier 1s used to carry
a replacement i1nstrument and the spare 3S subsystems to
the S/S, but 1t 1s not capable of conducting scirentific
missions. This carrier will remaln in the S/S storage
bay and serve as a holding fixture for instruments and
38 subsystems,.

c. 3S Transport Carrier--The 3S transport carrier 1s used
to carry 3S instruments and subsystems between the Earth
and the S/S. The transport carrier remains i1n the STS
Orbiter bay and returns to Earth with the Orbiter,

3.3.1 3S Mission Scenario and Qverview

3S, with 1ts first science payload (e.g., the HUT instrument desig-
nated as instrument 1) will be delivered to the S/S by the Shut-
tle. The 3S will be 1n a power-off condition while i1n the Shuttle
except for survival heater power, After the Shuttle docks with
the s/S, 3S will be removed from the Orbiter payload bay by the
remote manipulator system (RMS) and handed over to the S/S MRMS.
This handover maneuver will require 3S to have two grapple
fixtures--one for the RMS and one for the MRMS, If the MRMS had
the capability to remove the 3S directly from the Orbiter bay,

the number of 3S grapple fixtures could be reduced and handling
could be simplified.

The MRMS will transport 3S to the spacecraft servicing area for
deployment of solar array and for initial checkout before 3S deploy-
ment, If necessary, the 3S could then be placed in the S§/S's
thermally controlled storage bay to wait for a proper science

window or the availability of adequate operational support from

the s/S. 35 will be restrained 1n the servicing area by 1ts STS
longeron and keel trunnions, Two crew members wlll deploy the

solar array. The SURS electrical interface will be used to connect
35 to the S/S. Checkout will be conducted by personnel in the

3S0CC at GSFC.



After successful checkout of 35S, the OMV will be moved from 1its
storage area to the spacecraft servicing area by the MRMS. The
OMV will be mated with the 3S in the spacecraft service area.
The 3S grapple fixture 1 will provide the mechanical interface
for the OMV. The OMV/3S combination will then be deployed from
the S/S by the MRMS. The 3S will be 1in a low-power condition
when mated with the OMV.

The OMV will use a cold gas propulsion system to maneuver a short
distance away from the S/S. The OMV main bi-propellant propulsion
system will be fired to raise the orbit of the OMV/3S thereby reduc-
ing orbital velocity. At a distance of 20 n.mi. from the S/S, the
OMV w1ll disengage from 3S and back away a short distance using 1its
cold gas system. The 3S will then be powered up, and 1ts readiness
to perform the science mission will be established through the 3S
ground system. The OMV will then fire 1ts main propulsion system
to return to the S/S where 1t will be grappled by the MRMS and
berthed 1n 1ts service area for refueling. Meanwhile 35 will drift
behind the S/S to a preassigned location (e.g., 250 n.mi,)., The 38
propulsion system will be fired to lower the altitude to that of
the S/S. 3S will use 1its integral propulsion subsystem to maintaln
this position relative to the S/S (i1.e., for stationkeeping) during
1ts scientific mission.

While 3S 1s conducting the 1 to 3 month scientific mission, a
Shuttle wi1ll arrive at the S/S with the 35S storage carrier. The
main structure of the storage carrier will be i1dentical to that

of the operational 3S that preceded 1t to the S/S. This structure
will contain a replacement instrument (e.g., the Solar Physics
Telescope cluster designated as instrument 2) and possibly some
replacement modules, This complement will be moved to the satel-
lite storage area using a scenario similar to that previously
described for the operational 3S.

After the first scientific mission 1s completed, 3S will be maneu-
vered to within 20 n.mi, of the S/S using the 3S propulsion

system. The OMV wi1ill rendezvous with 3S, which will then be
powered down, and return 3S/0OMV to within 50 feet of the S/S

using the main and cold gas propulsion systems. The MRMS will
grapple the OMV and place the complement in the service bay. The
35 longeron and keel trunnions will be secured, and the OMV will be
disengaged from 3S and returned to its service area by the MRMS.

Activities 1n the S/S spacecraft service bay will consist of 38
instrument changeout and possible module replacement. Instrument
changeout wi1ll consist of unbolting the first instrument by EVA
and removing 1t from 3S with the MRMS. The first instrument waill
be secured 1n a temporary location i1n the storage bay so that

the MRMS can be used to remove the replacement instrument (i1nstru-
ment 2) from the storage carrier and place 1t in 3S. The MRMS
willl then place the first instrument in the storage carrier, If
necessary, a similar sequence may be used to replace a 3S module,



except that the MRMS 1s used 1n conjunction with a manipulator
foot restraint to move the crew person/module.

3S propulsion subsystem refueling will occur after each mission,
35S will be moved to the refueling bay for this activity.

A 3S transport carrier will be used to bring a third science 1instru-
ment to the S/S. On return to Earth, the same transport carrier
wlll be used to remove unneeded 1nstruments and any 1noperative
subsystems from the S/S.

3.3.2 Space Station Spartan Mission Scenario - Step By Step
Description

A detailed step-by-step scenario for 3S operations at the S/S 1is
presented 1n the following pages and 1s preceded by an overall
view of the S/S (Figure 3-4).

3.3.2.1 Space Station Spartan Operations at the Space Station--3S
operations at the S/S have been subdivided into the following
categorles:

® Receive and checkout
® 3S deployment operational orbit
e 3S scientific mission
® 3S replacement instruments and subsystems
® 3S retrieval
e 3S servicing including:
a. Instrument changeout
b. Subsystem module replacement
c. Propulsion subsystem refueling

® Return mission

3.3.2.2 Recelving and Checkout

® Shuttle maneuvers within close proximity to S/S (Figure 3-5)
® Shuttle docks at S/S

e Attach RMS to 3S grapple fixture 2 (top of 3S carrier)
(Figure 3-6)
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® Remotely disconnect STS umbilical connector (control from
aft flight deck (AFD))

® Remotely open STS trunnion fittings (control from AFD)
® Remove 3S from cargo bay with RMS (control from AFD)

e Attach MRMS to 3S grapple fixture 1 (center line of 3S
carrier) (Figure 3-7)

® Release RMS from grapple fixture 2

® Move 3S to spacecraft service area using MRMS (Figure 3-8)
® Place 35S 1n spacecraft service bay

® Remotely clamp 3S carrier trunnions

® Release MRMS from grapple fixture 1

® Remotely mate 3S carrier electrical connector

e Turn on 3S carrier survival heaters

e Close service bay thermal shroud and reopen thermal shroud
as necessary for servicing

e EVA 1 to deploy solar array, conduct visual inspection,
and remove thermal louver protective covers (Figures 3-9
and 3-10)

e End EVA 1

e Turn off survival heaters

® Open service bay thermal shroud

® Power up 38

® GSFC 3S0CC conducts 3S checkout through S/S-TDRSS

e Remotely demate 3S carrier electrical connector

® 3S remalins under internal power 1n a minlmum pOWer cCon-
figuration

3.3.2.3 Deployment to Operational Orbit

® Attach MRMS to OMV grapple fixture

® Move OMV to spacecraft service area (Figure 3-11)






SATELLITE
INSTRUMENT
STORAGE

~
~
N

- —
”~

REFUELING BAY,

MRMS Moves 3S to Service Bay

Figure 3-8.






YA







3.3.2.4

3.3.2.5

Attach OMV to 3S grapple fixture 1
Remotely release 3S carrier trunnions
Deploy OMV/3S with MRMS (Figure 3-12)

OMV with 3S maneuvers short distance from S/S with cold
gas system (Figure 3-13)

OMV performs necessary maneuvers to achieve greater altitude
than S§/S

OMV positions 3S to desired orientation
OMV disengages from 3S

3S senses separation signal and activates appropriate sub-
systems

OMV backs away from 3S using cold gas (Figure 3-14)
OMV performs maneuvers to return to S/S

OMV maneuvers to within 50 feet of S/S using cold gas
OMV 1s grappled by MRMS

OMV 1s returned to service area for refueling

38 drifts 250 n.mi1. behind S/S

3S housekeeping data will be monitored during the transfer,
1f feasible scientific data will also be collected

3S uses hydrazine propulsion system to achieve appropriate
orbit at S/S altitude

3S Mission

3S conducts scientific mission (up to 3 months) (Figure
3-15)

35S 1s controlled from GSFC 3SOCC through S/S-TDRSS

35S uses hydrazine subsystem to maintain correct orbital
position with respect to S/S

Space Station Spartan Replacement Instruments
and Subsystems

Shuttle arrives at S/S with 3S storage carrier, instru-
ment 2, and possibly spare 3S subsystems (Figure 3-16)
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OMV with 3S Maneuvers Away from Space Station
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e Shuttle docks with S/S

® Attach RMS to 3S storage carrier grapple fixture 2
® Disconnect STS umbilical connector

e Open STS trunnion fittings

® Remove 3S storage carrier from cargo bay with RMS

e Attach MRMS to storage carrier grapple fixture 1 or use
fixture 3 (on the 1instrument) 1f more convenient

® Release RMS from grapple fixture 2

e Move storage carrier to S/S spacecraft storage area with
MRMS

e Open spacecraft storage area thermal shroud

e Place 3S storage carrier 1n storage area (Figure 3-17)

e Clamp 3S storage carrier trunnions

® Release MRMS from grapple fixture 1 (or fixture 3 1f used)

® Mate 3S storage carrier electrical connector

e Turn on survival heaters

® Close storage area thermal shroud; instrument and 3S sub-
system modules remain i1in thermally controlled storage area

until required for sclence mi1sSsion

3.3.2.6 Space Station Spartan Retrieval

® 3S uses hydrazine propulsion system to return to within
20 n.mi1, of S/S. Range information will be provided by
S/s.

e Deploy OMV

e OMV performs maneuvers to achleve rendezvous with 3S (Figure
3-18)

e 35S 1s placed in minimum power configuration
e OMV docks with 3S grapple fixture 1 using cold gas

® 35S deactivates appropriate subsystems on receipt of docking
signal
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3.3.2.7

A

OMV with 3S maneuvers toward S/S

OMV with 3S maneuvers to within 50 feet of S/S using cold
gas (Figure 3-19)

MRMS grapples OMV grapple fixture
MRMS places OMV/3S carrier 1n spacecraft service area
35 trunnions are clamped

OMV releases 3S grapple fixture 1 and returns to servicing
area

3S carrier electrical connector 1s mated
3S carrier 1s powered off

Survival heaters are turned on and spacecraft service area
shrouds are closed

Space Station Spartan Servicing

Instrument changeout

® Service bay thermal shroud i1s opened; EVA 2 begins;
EVA crew member places protective covers over 3S thermal
louvers

® MRMS grapples instrument 1 using grapple fixture 3

® EVA crew member demates instrument mechanical attach-
ment to 3S carrier

® MRMS removes 1instrument 1 from 3S with aid of guide
rails and EVA crew member (Figure 3-20)

e MRMS moves 1nstrument 1 to storage area
® Storage area thermal shroud 1s opened

® MRMS and EVA crew members install instrument 1 1in tem-
porary storage location (on special bracket) 1in storage
bay

@ Release MRMS from instrument 1
e Attach MRMS to instrument 2

® EVA crew member releases and MRMS removes i1nstrument
2 from storage carrier (Figure 3-21)
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38

MRMS moves 1nstrument 2 to spacecraft service area

EVA crew member and MRMS i1nstall instrument 2 1in 3S
(Figure 3-22)

Disengage MRMS from 1instrument 2

EVA crew member adjusts 3S solar array to correct posi-
tion for upcoming mission

Turn off survival heaters

Power up 3S carrier

35 carrier/instrument 2 checkout
Move MRMS back to storage area

Attach MRMS to instrument 1 (still mounted to special
bracket)

Remove 1nstrument 1 from temporary storage location
Install i1nstrument 1 1n 38 storage carriler
Disengage MRMS

Close storage area thermal enclosure

End EVA 2

Store i1nstrument 1 for future reuse or return to Earth
on next available Shuttle flight

subsystem module replacement
3S carrier 1s powered off
3S carrier survival heaters are turned on

Begin EVA 3, EVA crew member places protective cover
over subsystem module

EVA crew member removes faulty module from 3S carrier
with power tool (Figure 3-23)

Move faulty module to storage area
Open storage area thermal shroud

Attach module to temporary storage location (on spe-
cial bracket)
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Remove replacement module from storage carrier

Move replacement module to 3S

Attach replacement module to 38

Crew member returns to storage area

Remove faulty module from temporary storage location
Attach faulty module to storage carrier

Close storage area thermal shroud

End EVA 3

Store faulty module for return to Earth on next avail-
able Shuttle flight (or repair on orbit if possible)

Power up 3S carrier

Conduct 3S carrier checkout

Propulsion system refueling

3S carrier 1s powered off

Begin EVA 4

MRMS grapples 3S using grapple fixture 1
Demate 38 carrier electrical connector
Release 3S carrier trunnions

MRMS moves 3S carrier to refueling bay
Place 3S carrier in refueling bay

Clamp 3S carrier trunnions

Demate MRMS from 3S carrier

Mate 3S carrier electrical connector
Turn on 3S survival heaters

Remotely mate propellant line quick disconnect

Refuel 3S propellant tanks to specified level using
TBD procedure (Figure 3-24)






® Remotely demate propellant line quick disconnect

e Attach MRMS to 3S grapple fixture 1

e Turn off survival heaters

e Demate 3S carrier electrical connector

e Release 35S carrier trunnions

e MRMS move 3S carrier to spacecraft servicling area

® Place 3S carrier 1n spacecraft service bay

e Clamp 3S carrier trunnions

® Release MRMS from grapple fixture 1

® Mate 3S carrier electrical connector

® Power up 3S carrier

e End of EVA 4

® GSFC POCC conducts 3S checkout through S/S-TDRSS
3.3.2.8 Return Mission (Flown Instrument and Any Faulty Space

Station Spartan Modules are returned to Earth in
Transport Carrier)

® Start EVA 5

® Open storage area thermal shroud where flown 1instrument
is bolted into 3S storage carrier

e Attach MRMS to flown 1instrument grapple fixture (3)

® FEVA crew member mechanically disconnects flown 1nstrument
from 3S storage carrier

e MRMS moves flown 1instrument out of storage area
® Storage area thermal shroud closed
e MRMS moves flown 1instrument to vicinity of Shuttle

® MRMS places flown instrument in 3S transport carrier 1in
Orbiter cargo bay

e EVA crew member mechanically attaches flown instrument
into 3S transport carrier

40
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e EVA 5 ends
e Orbiter 1s demated from S/S

® Orbiter returns flown instrument to Earth 1in 35S transport
carrier

See Appendix D for a preliminary timeline for the 35S mission
scenario. Note that the turnaround time between two 3S science
missions may be as short as a few days (assuming necessary S/S
support coincides with a suitable science window).



4, SPACE STATION SPARTAN SCIENCE

4.1 POTENTIAL USERS OF SPACE STATION SPARTAN
Communities of 3S users can be identified depending on the capabil-
ity of the ACS that is provided. Three levels of ACS performance
have been considered. 1In each, the pointing capability is deter-
mined by the design and the selection of subsystems and compo-
nents. The three major categories 1n order of increasing capabil-
1ty are as follows:
(1) Current (Orbiter-deployed) Spartan ACS capability with
extension to 1 to 3 month mission duration (configuration
1, the basic 35 ACS).
e 2 arc-min pointing accuracy
e 10 arc-sec peak-to-peak jitter
e 1.8 arc-min/hour drift
(2) Current Spartan ACS capability with addition of reaction
wheels and i1ncluding 1 to 3 month mission duration (con-
figuration 2).
® 2 arc-min pointing accuracy
@ 1 arc-sec peak-to-peak jitter
© 1.8 arc-min/hour drift
(3) MMS type ACS (configuration 3 or strawman 3S ACS)
o 0.5 arc-min absolute pointing accuracy
o 1 arc-sec peak-to-peak jitter
o 0.18 arc-min/hour drift

The design of these ACS's is discussed 1in Section 5.6,

4,1.1 Potential Users of a Basic Space Station Spartan Attitude
Control System

The basic 3S ACS will serve current users of STS/Spartan who would
benefit from the longer observing times provided by 3S. 1In partic-
ular, 3S offers low-resolution astronomical payloads the ability

to view targets for longer periods of time to record brightness
fluctuations or to build up accuracy in measuring faint sources.
Several of the astronomy (ultraviolet (UV), extreme ultraviolet
(EUV) and soft X-ray) payloads recently proposed for 40-hour long



STS/Spartan flights will be in this category. 1In addition to low-
resolution observations, the opportunity will benefit users who
use 1mage motion compensation systems in their instruments (not
addressed by current Spartan proposers) or who read out data,
particularly images, very rapidly and apply image reconstruction
techniques to compensate for drift and low-frequency jitter during
postflight data processing.

Solar physics payloads currently selected for STS/Spartan can use

a l-month to 3-month mission to view the solar corona as 1t rotates
at a 27-day rate. At present, these payloads (coronagraphs and

EUV spectrometer) also have potential for very long duration flight
opportunities on the Solar and Heliospheric Observatory (SOHO)
being considered by the European Space Agency (ESA) which may

make a 1 to 3 month 3S mission less attractive. The requirements
of current state-of-the-art solar imaging experiments (1 to 2
arc-sec spatial resolution) on sounding rockets are incompatible
with the capability (10 arc~-sec p-p jitter) of the basic 3S ACS.
Other solar physics instruments such as the high energy X-ray

and gamma-ray spectrometers, which do not have fine-pointing re-
quirements, may also be considered for 35. 1In the past, these
nonimaglng instruments have been developed as balloon payloads
rather than sounding rocket payloads because of their large size
and high mass.

4.1.2 Potential Users of an Upgraded Space Station Spartan
Attitude Control System

To expand the 3S user base of fine-pointed experiments, the current
ACS can be upgraded to improve 1its high-frequency jitter character-
istics, its low-frequency drift, or both of these properties, Of
these two options, improvement in jitter performance, by adding
reaction wheels that reduce high-frequency jitter to the 1 to 2
arc-sec peak-to-peak level without expending propellant, 1s most
likely to expand the user base. This option qualifies the 3S as

a feasible flight opportunity for fine-pointed solar payloads

such as high resolution X-ray telescopes and the UV and EUV spectro-
heliographs. The primary science products of these 1nstruments

are solar images at high spatial resolution (1 to 2 arc-sec) and
varying levels of spectral discrimination. Because the instru-
ments carry Sun sensors that provide correction signals to the ACS
and keep it locked on the Sun, the lack of an ACS with a low-drift
rate 1s not a problem. In addition, an upgraded 3S ACS will be
able to accommodate astronomical UV and EUV payloads that have
internal star trackers for target acquisition and tracking. 3S
then will accommodate X-ray astronomy payloads that require low
jitter but have relatively wide fields of view. With this level

of ACS capability, an astronomical target will slowly drift through
the field of view of the instrument but will provide usable science
data.




4.1.3 Potential Users of a High Performance Attitude
Control System

The capability of a top performance ACS, such as that provided

to the Solar Maximum Mission (SMM) spacecraft with high-performance
gyros, star trackers, and reaction wheels, will provide 1 arc-sec
peak-to-peak jitter and 0.1 arc-min/hour drift rate. This capabil-
1ty will enable a sophisticated instrument such as the HUT to

be accommodated without modifying 1ts existing target acgquisition
and tracking system and without adding internal motion compensation
systems. This category of users also includes the Ultraviolet
Imaging Telescope (UIT), which uses an auxiliary tracking system
but requires low ACS jitter and drift to achieve the desired per-
formance level,

4.2 DEVELOPMENT OF STRAWMAN SCIENCE REQUIREMENTS

Because of the short duration of this study, 1t was impossible to
address the requirements of all the disciplines that might use a
3S. The diverse operational requirements that the different disci-
plines impose suggest that at least two payloads be considered 1in
this study. This approach would i1dentify requirements for recon-
figuring the carrier between missions and would i1dentify support
services from the S/S during this activity.

The degree of sophistication and the operational requirements of

a strawman payload were also an i1ssue., Clearly, payloads with
relatively simple 1nterfaces and operational requirements, such

as many of the experiment proposals recently submitted to NASA
Headquarters 1in response to a letter addressing potential Spartan
flight opportunities from the Orbiter, could be 1dentified and
could be among the earliest 3S payloads flown. These payloads,
however, would not define the level of S/S operations and servicing
later payloads would require, When defining the needed characteris-
tics of a S/S that would be 1n place for many years, a payload
reflecting the mature phase of a 3S was considered more appropri-
ate.

On the other hand, 1t was desirable to study a payload with 1inter-
faces and operations requirements already well developed. After
consultation with NASA Headquarters, the HUT currently being devel-
oped for a Spacelab mission was selected as the primary strawman
payload. This instrument, derived from the Aries class sounding
rocket payload, has the heritage that the original Spartan program
intended to serve, The HUT also has well~documented i1nterface
requirements that the 3S study team could easily adopt as experi-
ment requirements for a 3S payload.

A corresponding payload was not available from an operationally
different discipline such as solar physics., Consequently, a hypo-
thetical group of five instruments all designed to study some
aspect of the same object--the solar corona--was assembled using



previous NASA studies of solar coronal explorer payloads as
guides. The selected instrument assembly consisted of two corona-
graphs to be flown on Spartan 201 US supplemented by two 1instru-
ments developed under the rocket program—--an EUV spectrometer

and X-ray telescope--and a solar magnetograph originally conceived
for the International Solar - Polar (Ulysses) Mission. Interface
requirements were derived from existing NASA documents but no
attempt was made to confirm their validity, because the second
hypothetical 3S mission did not appear to drive the design of

the carrier except in the area of data transmission rates.

4.2.1 Strawman Instrument Descrilptions and Requlirements

The primary strawman payload for this study, the HUT, is a 1 meter
class telescope designed to observe the far UV and EUV radiation

of astronomical objects. A schematic view of the optical system

1s shown 1in Figure 4-1. A 90-centimeter diameter paraboloidal
mirror focuses radiation onto one of several selectable entrance
apertures to a Rowland spectrograph., 1In the first order mode,

the spectral range of the spectrograph 1s from 850 to 1850 ang-
stroms with a dispersion of 1 angstrom per detector channel, In
the second order mode, the effective spectral range is from 425

to 700 angstroms with an aluminum filter being used to reject the
first order spectrum. The UV sensors within the spectrograph are
required to be under high vacuum at all times., To satisfy this
requlrement, a 2 liter per second vacuum pump (an ion pump) 1S
permanently attached to the spectrometer enclosure, A firm require-
ment of this system 1s that power may not be cut off for more than
3 hours at a time. After this time the pressure within the spectro-
graph may rise to 104 torr which could cause the 1on pump to not
restart when power 1s reapplied and an external pump-down procedure
to be required. Once the instrument 1s in orbit, removal of elec-
trical power from the pump 1s not critical because exposure of the
spectrograph to the space environment will malntaln its pressure
below 10~4 torr.

A silicon i1ntensifier target television camera, external to the
Rowland spectrograph, views the entrance aperture and allows the
focal plane i1mages to be monitored by the experiment operations
team. These focal plane 1mages provide a means for acquiring
targets and for measuring the pointing error of the telescope.
Acquisition of the desired target 1s accomplished by recognizing
a pattern of guide stars in the 9 by 12 arc-min field of view of
the focal plane monitor and by calculating the change in point-
ing direction to bring the desired target into the entrance aper-
ture of the spectrograph. This determination can be performed

by an observer on the ground or 1n space or automatically by the
instrument's computer, 1f the acquisition star field 1s uncompli-
cated and the telescope 1s pointed within a 30 arc-sec of the
desired line of sight. The system 1s designed to provide a focal
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Figure 4-1. Optical System for Hopkins Ultraviolet
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plane 1mage to the observer every 20 seconds, but this rate, which
is not critical, can be modified to be compatible with available
downlink telemetry rates,

Figure 4-2 1s an artist's concept of a possible configuration for
the group of solar instruments. The three 17-inch diameter instru-
ment enclosures reflect the original design of the sounding rocket
instruments. This figure shows how the instruments may be accom-
modated 1n an Aries-size envelope, although payloads flown on 3S
are not required to have a circular outline. The 1intent is merely
to show that an alternate payload to the HUT, with the same exter-
nal dimensions, could be identified and used for evaluating payload
changeout procedures 1n space.

Experiment parameters and requirements used 1n this study are sum-
marized in Tables 4-1 through 4-5. Little effort was made to
define requirements for the secondary payload, because the accommo-
dations and services already provided to the primary payload
appeared adequate.

4.3 SCIENCE OPERATIONS FOR THE STRAWMAN INSTRUMENTS

An effort was made to define the 1nteractive science operations
required for the HUT. Because an 1n-orbit payload specialist
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would not be available, as during flight of the Spacelab, an appre-
ciably different science operations scenario that depended much
more heavily on data and command links to the ground had to be
defined. The following assumptions were made when developing

the hypothetical operations scenarios:

® Long duration (up to 10,000 seconds cumulative) observations
would form the bulk of the observing schedule.

e No repointing to a different scientific target during Earth
occultation of the first target or because of changing
Sun 1llumination (1.e., no bright side/dark side target
switching). These intervals may be used to update the
onboard gyros.



Table 4-1

Physical Parameters of Strawman Payloads

Stellar
(HUT)

Solar
(Solar Corona Studies)

Telescope module size

Mass
Telescope module
Electronics module
Cables, Miscellaneous
and Contingency
Total

Power

l46-1nch long by
43-1nch diameter

1550 1bs
120 1bs
250 1bs
1920 1bs
163 W, electronics

147 W, heaters

24 +4 V

118-1nch long by
43-inch diameter

882 lbs
220 1bs
78 lbs

1180 1lbs

212 w*

TBD

*Plus power for thermal control




Table 4-2
Environmental Constraints

Stellar
(HUT)

Solar
(Solar Corona Studies)

Temperature range

Prelaunch humidity

Prelaunch hydrocarbon |

level

0 to 20°C, operating
(prefer operating at
less than 10°C)

0 to 40°C, nonoperating

<50% relative humidity
(using continuous purge)

<15 ppm (to avoid UV
degradation; will be
achieved using purge)

TBD

TBD

TBD




Table 4-3
Pointing Requirements

Stellar
(HUT)

Solar
{Solar Corona Studies)

Open loop pointing
accuracy

Closed loop
accuracy

Pointing maneuvers

Jitter

Dwell time on a
target

30 arc-sec

Capable of using
experiment-provided
error signal

Multiple stellar targets
with avoidance of Sun,
Moon, and bright Earth
during repointing

Entire sky (subject to
avoidance constraints)
should be available

1l arc-sec

Up to 10,000 sec
cunulataive

30 arc-sec

Capable of using
experiment-provided
error signal

Offset pointing

from Sun center
(+2°)

Roll control
around Sun center

2 arc-sec

TBD
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Table 4-4
Data and Command Requirements

Stellar Solar
(HUT) (Solar Corona Studies)
Science data 20 kbps 55 kbps minimum
155 kbps desirable

Real-time downlink 82 kbps TBD

during target

acquisition
Estimated data rates 200 kbps 200 kbps

for future 1maging

experiments
Initial up~link 40,000 16-bit words TBD

command load to load HUT memory

(once at beginning

of mission)
Routine observations 50 commands for each TBD

HUT observational
sequence before
1nitiation of
sequence
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Table 4-5

Science Operations Requirements

Stellar
(HUT)

Solar
(Solar Corona Studies)

Interactive control of
payload for target
selection or
verification

Mission duration

S1X contacts per 24-hr
day, each contact
approximately 20-
min long

3-month mission
desirable

TBD

3-month mission desirable
l-month mission acceptable




® Astronomical targets will be selected and an operating
timeline developed for 1 month of operations before deploy-
ment of the mission; however, targets of opportunity such
as comets or novae can be accommodated.

e All quick look science data displays, analysis, and instru-
ment command generation will be provided by experiment
GSE.

Figures 4-3 and 4-4 show two hypothetical timelines for target
acquisition. Figure 4-3 addresses the case in which the 1initial
pointing maneuver by the 3S ACS leaves the HUT optical axis offset
by more then 30 arc-sec from the desired line of sight. Figure
4-4 shows a timeline when this error is less than 30 arc-sec.

In these figures, time runs from left to right and the upper four
horizontal bars represent the timelines for the experiment, the
3S ACS, the GSE for the carrier, and the GSE for the experiment,
The pointing verification procedure that must be satisfied at
each step of the target acquisition sequence 1s entered under
these timelines. The heavy vertical arrows show the flow of con-
trol functions from one system to another during the acquisition
sequence,

As the scenario begins, the science 1instrument is just completing
observations of an astronomical object. When the observational
sequence 1s ended, an appropriate signal 1s sent from the instru-
ment to the 3S ACS. The 3S ACS then reorients the spacecraft

and the experiment's line of sight to the next target, which has
the coordinates and the required sequence of ACS maneuvers already
stored i1n an onboard computer. After this maneuver, the minimum
pointing requirement for the new target 1s that the preselected
guide stars be within the 9 by 12 arc-min field of view of the

HUT television acquisition camera.

At this point, the 3S 1s held i1in a stand-by mode waiting for a
direct command and data link to the ground through the S/S. When
this link becomes available, an image from the HUT television
acquisition camera is transmitted to the 3S ground station and
sent to the experiment GSE for display and evaluation. The experi-
ment ground operations team verifies that the guide stars are 1in
the field of view and calculates the necessary ACS offset to bring
the target to the entrance aperture of the HUT spectrograph.
During this activity, commands used to configure the HUT for the
upcoming set of observations (i.e., slit, filter, and wavelength
selection) are uplinked to the instrument through the S/S.

When the television camera data are evaluated, 1n about 5 minutes,
the instrument team will specify an ACS offset which should braing
the target into the observing aperture of the HUT. Appropriate
commands are transmitted to the 3S by the S/S and executed. 1If
the correction 1s precisely accurate, the target will be acquired
by the HUT. Subsequent to the ACS maneuver, another television
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