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FOREWORD

The Advanced Platform Systems Technology Study (Contract NAS8-34893) was initiated in
July 1982 and completed in April 1983, The study was conducted for the National

Aeronautics and Space Administration, Marshall Space Flight Center, by the Boeing

Aerospace Company with Spectra Research Systems as a subcontractor. The study final

report is documented in four volumes.

D130-27487-1
D130-27487-2
D130-27487-3
D180-27487-4

VolL. I

Vol. II
Yol. II1
Vol. IV

Executive Summary
Trade Study and Technology Selection Technical Report
Support Data

Technology Advancement Program Plan

Mr. Robert F. Nixon was the Contracting Officer's Representative and Study Technical

Manager for the Marshall Space Flight Center. Dr. Richard L. Olson was the Boeing study

manager and Mr. Rodney Bradford managed the Spectra Research Systems effort.
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1.0 INTRODUCTION

This is volume III of the final report on the Advanced Platform Systems Technology Study
conducted for the Marshall Space Flight Center by the Boeing Aerospace Company and
Spectra Research Systems. The overall study objective was to identify, prioritize, and
justify the advancement of high leverage technologies for application on the early space
station. The objective was fulfilled through a systematic approach to trade study
identification and selection, trade study analysis, and selection of technology advance-
ment items. This volume presents the formatted data sheets that were filled out as part

of the study procedure,

The overall study effo:llt proceeded from the 1dentification of 106 technology topics to the
selection of 5 for detail trade studies. The technical issues and options were evaluated
through the trade process. Finally, individual consideration was given to costs and
benefits for the technologies identified for advancement. Eight priority technology items
were identified for advancement and are reported in volume II together with the rationale
and justification for their selection. A plan for advancing each of the eight technology
items is presented in volume IV of this report. This volume contains selected supporting
data generated during the trade selection and trade study process. Volume I summarizes
the overall study approach and results. - .

The study was divided into three primary tasks which include task l—trade studies, task
2—trade study comparison and technology selection, and task 3—technology definition.
Task | general objectives were to identify candidate technology trade areas, determine
which areas have the highest potential payoff, define specific trades within the high
payoff areas, and perform the trade siudies. In order to satisfy these objectives, a
structured, organized approach was employed. Candidate technology areas and specific
trades were screened using consistent selection criteria and considering possible interrela-

tionships. Figure 1.0-1 displays the overall screening process.

The selection flow is shown in figure 1.0-2. The study started with space platform
requirements, proceeded through trade study and cost benefits analysis, to technology
advancement planning. The structured approach used 1n the study took advantage of a
number of forms developed to ensure that a consistent approach was employed by each of
the diverse specialists that participated in the study. These forms were an intrinsic part
of the study protocol.
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Example forms are shown in figures 1.0-3, -4, and -5. Form 1 was used to record and
organize requrements. The completed copies of Form 1 are presented in section 2.0 of
this-volume-of the-Final Report. "Form 2 was used to record trade study advancement
goals and benefits and list technology options. Section 3.0 of this volume contains the
filled in Form 2 copies. Form 3 contained a listing of the initial selection criteria.
Section 4.0 presents the filled in copies of Form 3,

The task 2 objective was to evaluate the results of the trade studies performed in task 1,
prioritize and select technologies with respect to comparative cost and benefit potential
in the context of overall system compatibility. The task was accomplished in four
primary steps in which advancement costs, schedules, comparative benefits and platform
life-cycles costs were used to rank, order, and select the most promising technologies
requiring advancement. Section 5.0 of this volume contains the completed copies of Form
3A which summarize the results of the trade studies in four technology areas (data
management architecture, data management-data bus, long lifetime thermal manage-
ment, and intégration of automated housekeeping functions).

The primary objectives of task 3 were to provide the justification for technology
advancement based on the detailed trade studies and benefit analysis and to prepare the
test plans for each technology item identified. The advancement plan includes rationale,
benefits, resources costs and schedules keyed to a platform program development
schedule. Volume IV of this report presents the results of task 3.
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#T.0031 . ) i
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2.0 REQUIREMENTS SURVEY (FORM 1)

This section presents the data sheets containing the results of surveying the following

platform source data to identify requirements:

NASA Contractor Report No. 160944 - January 1982

Requirements for a Space Operations Center

Boeing Document DI180-26495 - NAS9-16151 - July 1981

Space Operations Center Final Report

NASA PM-001 - September 1979

25K Power system Reference Concept (Prelim.)

MDC  G9246 - Technical Report - NAS8-33592 - October 1980
Conceptual Design Study, Science and Applications Space
Platform (SASP)

NASA Report - MSFC - October 1981
A Conceptual Design and Analysis Study Program Development,
Science and Applications Manned Space Platform (SAMSP)

The sheets are provided for the following technology disciplines

Thermal Control

Structures Mechanisms and Materials
Crew Systemns

Flight Operations

Ground Operations

Data Management

Communications and Tracking
Electrical Power System

Propulsion System

Guidance and Navigation Technology
Attitude Control
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Identified requirements or subsystem descriptions are listed for each of these according to, _
early and advanced.manned platforms (SASMP and SOC), according to an early interme-
diate and advanced unmanned SASP, and for the unmanned 25K power module platform.
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EVA Support

The capab1lity shall be provided for voice comiunica- X X X X X
tion with deployed EVA crewnen out to TBD weters A

Transiation means will 1nclude handraiis/handholds/ i X X X X X
slidewires and other mobiltty and stability aids such
as manmipulators and the manned maneuvering umt (MMU}.

. ‘ﬁg
E

Handholds, handrails, and restraint attach points shall X X X X X X I
be provided along all EVA routes and at each EVA
hatch. Attachment provisions for portable handholds
and restraint systems shall be provided at remote work
sites,

Locomotion, restraint devices, and poriable EVA work X X X X X
stations will be provided,

Provide for simultaneous EVA's of TBD crewmen during A X X x X
init1al operations and for a minimum of TBD crewmen
during subsequent growth phases,

A mimmum of two MMU support stations shall be provided X X X X
during growth phases. The MMU's shall be protected
from the hazards of space and vacuum exposure during
stowage and servicing.

Maragement of consumables for the EVA equipment shali X X X X X
be provided. '

EVA audio and visual displays for EVA support shail X X X X X
be provided aiong with uplink and downlink capabilities

The maximm EYA duration will be 8 hours per crewnan X X X - X 8D
per 24-hour day. ' Tn additicn fo the 8-hour EVA period,
there will be a 30-minute peried far each of the pre-
and post-EVA operaztions (suit donming/doffing and
airlock egress/ingress}, .

Provide the capability to service the regenerable X X X X 8D
extravehiculayr mobiTity unit (EMU) including the
processing of the crew's metabolic carbon dioxide and
waste water and the refreezing of the nonexpendable
heat sink. Servicing capabilities shall be based on.a
sivrimum oF 24 8-hour EVA's per week.

Requirernents Survey for Crew Systems
I
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EVA Support - Con't

"Prebreathe" by an EVA crewman shall not be requived
priov to an EVA. EVA suits w11l be supplied with
axygen from the Space Station.

Provide the capability to support multiple EVA's
during any given time frame. To reduce procedural
or satety concerns, provide multiple EVA airlocks.
EVA shall be conducted vsing the "buddy" system.

Provide a variable controlied rate of depressurization
and pressurization of the EVA airlocks. The nominal
rates are to be +/-0.1 psi/sec. The emergency rapid
denressurization and pressurization shall not exceed
+/-1 0 ps1/sec. Control of depressurization and
pressurization shall be possible from both inside and
outside the Space Station as well as from within the
airlock, Life support umbilical connectors shall be
available both 1ns1de and outside the Space Station's
pressurized compartment te allow umbilical EVA opera-
t1ans,

Provisions for EVA preparation, EVA equipment stowage,
recharge, checkout, maintenance (including drying),
and post-EVA activities shall be made in the aivlock
andfor 1n an adjacent pressurized compariment. The
maintenance area must accommodate stowage of EMU spare
parts and tools. Provisions to verify the acceptabil-
ity of an EMU for EVA, following its repair or resizing
must be provided in the work area.

Details regarding visual contact with an EVA astronaut
are TBD,

The EVA 2irlock shall provide adequate volume for
stowage of EVA equipment and for the suited crewman
to function and maneuver. Available wolume should
provide adequate space for the observer during the
donning and doTfing of EVA suits,

It 15 desirable that the EVA a1rlock be Tocaled as
an appendage to the Tiving/working areas,

Battle Tanterns shall be provided for the EVA
Tighting. They shall be mounted on rails and
equipped with swivel or gimbal mounts,

EVA shall be considerad a mormal mode for repair.

il
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Foed and drink - The station will provide a galley

system to proyide the requisite food and drink Tor
the crew.

a, Food: Varied and complete meals will be furpished
TYor the crews, In addition, snack items will be
provided. The food shall consist of 1tems that
are hot, cold, and room temperature. The meals
shall be nutritionaily balanced and palatable to
the crews, Condiments shall be provided for
variety. Bulk storage and preparation shall be
cansidered,

b. Drink: Varied types of drinks {hot, cold and room
temperature) will be praovided

c. Galley: The galley will provide for meal prepara-
of all utensils, food, condimenis, and agcouter-

shall be ancluded, The galley shall also provide
for the clzapup @nd trash management of the food
system,

and feed the entire crew at each meal. The crews
will be able to dine together as a group. This
volume can be yt1lized as & wardroom/Toungs be-
tween meaps.

Lighting: The station will provide adequate Tighting
levels and suniight control in each habitable portion

adequate Tight s available for all envisioned tasks
as well as for 1iving within the statian. Particular
care will be maintained to prevent shadowing, high
contrast, glare, and 1ight shining directly into the
eyes of a crewnmember during the performance of envi-
sioned tasks as well as during general movement about
the station. The 1ight tevels shall be in accordance
with specifications TBD.

. Each activity shall be provided with Tighting
controls for ares 11ghts. Thase controls shail be
conveniently located to provide lighting adjustment
as external arbital 1ighting conditions change.

. Night Tight route locators shall be provided in
areas normally darkened for sleep or work,

tion, both heating and cesling and serving. Stowag

ments necessary for the food preparation and eating

d, Dining: Sufficient volume will be allotted to seat

of the station. The 11ghting system will be such that
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. Lighting of persoral hygienc areas shall be adeguate
for reading and cleaning,

Acoustics: The station will provide sufficient sound
control fo reduce all station-produced nolses to the
mimmun Tevel reasonably achisvable. The crews must
be able to converse without shouting and must be able
to hear the various caution and warning systems and
communication systems without specialized hearing aids
or locations. The use of "white noise” to cover
background noise and disturbances is not permitted as
a sound control device. The noise levels by exposure
duration, frequency content, and activity 1n the
various staticen Tocations are TBD. The noise level
1n the sieeping quarters requires special consider-
atian.

Environmental Control and Life Support Systems

The critical functions of the Space Station environ-
mental control and 1ife support (FCLS) system include
(1} atmosphere revitalization, (2) atmospheric pressur
and compesifien control, (3) cabin femperature and
humidity control, (4} water reclaimation, {5) personal
hygiene and waste maragement, and (6) habitability
provisions. The habitat module ECLS shail embody
regenerative concepts to an optimal degree to minimize
the resupply expendables and shall have the necessary
flexibility and expansion capability to accommodate
the phased evolutionary growth of the Space Station.
For example, during the initial Space Station buildup,
early manned operafions may reguire the use of a
Shuttle-derived open-cycle ECLS untii the habitat
module is in operation.

Genera] Requirements

The following geneval requirements apply to both open-
cycle and regenevative ECLS subsystems.

a. The ECLS subsystem shall rconirol the Space Station
pressurized enviromment fto the values indicated
n Table 2,7-1,

b. Emergency repressurization gases shall be prowided
to repressurize any normally pressurized, isolable
module, independent of any other module, one time
Trom zero to TBD psia. Exposure of the ECLS
within the normally pressurized modules to a cabin

FOLDOUT FRAME
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pressure betwesn zerp and TBD psia shall not
create hazards or cause damage ta the ECLS ar
the Space Station

Provisions shall be made to prevent gbjectionable
and noxious odors emitted in any location firom
being transmtted zo any habitabie Tocation in
the Space Station.

The atmespheric censtituents, including harmful
ai1rbornz trace contaminants, shall be mom tored
and controlled 1n each 1solable pressurizad
habitable volume.

Atmospheric leakage of each module shall be less
than 0.5 1b/day with & maximum of 5 Yb/day for the
total Space Station pressurized volume.

Qverboard venting of gases shall be Timited fo
those gases that w11l not degrade the performance
of subsystem components exposed to space (e.q.,
solar cells and radiator surfaces). Gas venting
that is permitted shail be mimimized, controlled,
and norpropulsiva,

Particulate matier filtration shall be provided
in the ECLS for removal of airborne particies
above TBD micrometer s1ze,

The microbial concentration in the enviromment of
each of the pressurized compartments containing
crew quarters, laboratories, or experimental
facilities shall be centrolled.

The capab1lity shall exist for dumping the atmos-
phere of a module gverboard in the event of
contamipation or a fire in the module. Provisions
to repressurize the evacuated modules shall be
available from sources other than the aforemen-
tioned emergency gas supply. The number of
vepressurizations allowed will be determined by
the criticality of each module,

The hydrogen contained in the ECLS subsystems shal
not cause an explosive hazard 1f suddently leaked
into the cabin atmosphere.

Ry Fstfionss
By LB Adcenend LD
AR i1 AP oL
X X X
X X 4
X X X
X X X
1 X X
X X X
X X X
X X X
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k. Crew-related consumable vesupnly shall be sized X X 3 X X E
for TBD days based on the 24-hour nominal use 1

rate., A TED-day reserve of consumables shall
be provided against the possibility that the
normal resupply 15 1nterrupted.

specific Requirements - Regenerative ECLS

The specific requirements that apply fo the regenera-
tive ECLS are the following.

1

a The cabin oxygen shall be supplied by electrolysis A X X X X !
of water subject to trade studies. .

b. Nitrogen shall be used as the dituent gas in the X b * X X I

cabin atmosphere, The cabin pressure shall be
compatible with that of the STS Orbiter and shall
preclude tha need for prebreathing prior to EVA.

c. A regenerative carbon dioxide removal system, S X b H X
which concentrates and collects the carbon dioide
for further processing for oxygen recovery, shatl
be provided to meintain the habitat module carbon
dioxide partial pressure under 3.0 mmHG 1n nominal
operation,

d. The humidity condensate collected in fhe carban ¥ X X % X
digxide reduction and the other air revitalization
processes shall be used first to produce potable
quality water with chemical and physical treat-
ments as necessary to satisfy potability require-
ments .

e, Urine and expended hygienz water shall be pro- X X X X X
cessed by a concept incorporating a phase change
to produce potable quality water that is also
acceptable Tor water electrolysis and other ECLS
uses,

. Effluent wash water must be adequately processed X %
to ensure sterility and suitability as cleansing
water as a minimum.

=h

L
-
>z
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Some environmental status monitoring 1nstrumentation
should be included in the HMF  Exampies are toxic
compounds, water quality, microbial Toad {air, water,
surfaces), noise, Tighting, and radiation {space
enviranment and onboard sources).

Physiological status menitoring is & necessary part
of preventive medicine. Establishment of physio-
legical norms for microgravity 15 1mportant for
health maintenance, diagnosis (e.q., deviation from
the norm) and treatment (2.q., adjustment of medi-
cation dosage bacause of reduced body fiuid). Some
physiological monitoring will continue fo be required
throughout the Space Station era to determine whether
paysiological changes are within nermal Twmits and,
1f not, to 1mtiate appropriate countermezsurss. The
equipment needed is that also amployed for diagnosis.

Medical Diagnosis

The HMF should have approprizte diagnosiic equipment
and a programmed medical diagnostic logic scheme.
The 1nterface would be accomplished on a display
{e.g., CRT) and the program should inciude a broad
spectrum of the most anticipated medical conditions.

Medical/Surgical Treatment

The Space Station should have a program treatment
logic scheme that will fellow the diegnosis. These
treatment modalities w11l cover the broad spectrum
of the most common treatment approaches.

a. Medication: Drugs and medications will be similar
to the Space Shuttle medical systems (SOMS-£ and
S0MS-B) but with appropriate changes in medical
supplies and eguipment based on anticipated medical
conditions and requirements. Provision for cold
storage shall be provided.

b. Dental® Dental treatment capability will be
sfmilar to that used in Skylab. (Reference:
Biomedical Resulis from Skylab, NASA SP-377)

TBD TBD
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c. Surgery, The Space Station shoudd provide X £ X !
fecilities for the treatment of fractures and '
minor and moderate injuries  For patients with
major trauma, relatively noncomplex facilities
should be provided for stabilization until
evacuatien and ground-based treatwent. (Major
capability for theracic or abdominal surgery will
not be provided; therefore, there will be some
risk of death, Body dispositiening procedures
must be considered.) The Space Station health
maintenance/surgical facility should have the
following capabilities:

(1) An "operating table" with gquick-release X i X
restraint systems to be used both by the
treating medical crewman and by the injured
or 111 Crevima., ‘

) Equipment to monitor vital signs TED T8D
(3} Intrevenous Tluid system TBO TBD

} Laminar flow workbench for the examination TBD 8D
of bacterial grawth plates, plating of micro-
b1al specimens, obtaining blood and urine
specimens after they have been centrifuged,

ete.

{5) Steril1zation eguipment for surgical instru- TBD TBD X b X
ments

LSS
P

Medical Records and Data

The Health Mafntenance Facility should contain X X X i
computer storage capability for biomedical data

{medical records, diagnostic and treatment programs,
physiological status, etc.}. Such a computer should
provide immedizate accessibility of medical records ;
on each member of the crew. Hard-copy output shall
be availabla at the discretion of the operator, It
1s possible to share a computer with other onboard
systems if the computer w11l be avaiTable at any 1
time and a termnal is located in the facility. Bis-
tributed processing shall be considered to avold 3
single~point faijures,

FRecuirements Survey for Crew Systems Continued
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Health Maintenance
Crew Medicgl Training

At least one crewman should have extensive medical
training or be & physician/surgeon. The primary
medical crewman shouid also have appropriate dental
training. A second ¢rewman should have at least 100
hours of medical and dental training.

Facility

A Health Maintenance Facility (HMF) w11l be required.
The HMF shpuld be an area or “roon" devoted to pre-
ventive medicine and diagnosis and treatment of 111~
ness/injury. It should be configured for convenient
access to comnunications, instrumentaticn, and
emergency treatment equipment.

Hyperbaric Chamber

Provisicons should 2lso be made to utilize one of the
EVA airlocks as a hyperbaric chamber for treating
decompression sickness (bends). This chamber should
be capabie of being pressurized at 45 psi and be

Targe enough for the ingured crewman, a medical
attendant, and suitable monitoring ecuipment. An
aquipment pass-through airlock and viewing port should
be provided. Alternatively, an easily destowable,
inflatable hyperbaric chamber system should be con-
sidered,

Preventive Medicine

Exercise oquipment will be required. Exampies are a
treadmill/bungea harness, a bicycle ergameter, and
friction/spring-load exercisers. It 1s anticipated
that about 1 hour per day of exercise may be required
of each crewmamber to ameliorate the adverse effects
of long-duration exposure to microgravity, Provisions
for reading or performing other compatible activities
while exercising should be considered.

8D TBD X X

TED T8D X X
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Critical functions - The Space Station shall provide
the capabiiity for performing crmitical functions at
a nominal level with any single componant failed or
with any porticn ef a subsystem 1nactivated for main-
tenance. The Space Station shall provide the capa-
bitity to perform critical functions at a reduced
level with any credible combination of two component
fallures, or with any credible combination of & por-
tion 0T a subsystem inactivated for maintenance and
fatlure of a component in the remaining portion of
the subsystem, Capability shall be provided for
performng critical functions at any emergency level
unt11 the afiected function can be restored or the
crew returned to Earth:

a. With any one module 1nactivated or 150lated and
vacated because of a malfunction or accident.

b. With any credible combination of a subsystem
inactivated as a result of an accident and a
portion of a redundant or backup system 1nopera-
tive,

Fire control - The capability shall be provided for
extinguishing any Fire in the most severe axidizing
ernvironment prioy to failure of primary structural
elepents. Interior walls and secondary structure
shall be self-extinguishing. A1l continuous non-
metallic materials shall be self-extinguishing 1tems,
here they are in use. {Note: The “"most severe
ox1dizing envivonment" shall be consistent with
qualification of materials and equipment; e.g., 30-
percent oxygen partial pressure for cabin atmosphere.)

Exposed surface temperatures - Exposed surfaces with-
in the habitable modules shall not exceed a tempera-
ture of 1130 F {with a design goal of 1050 F) and a
low temperature of no less than 40°F.

odule_access - Two or more entry/egress paths with
energency 11ghting shall be provided to and from every
bressure-1solable volume {except for the Togistics
piodules). The two paths shall be separated by air-
it1ght partitions, or shall be at least TBD feei apart,
nnd shall lead to an area in which the crew can sur-
ive until Shuttle rescue or resupply. A design goal
shall be to provide alternate escape routes that do
not terminate 1nto a common module area.
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Orains, vents, and exhaust poris - Drains, vents, and
exfiqust ports shall prevent ewhaust fluids, gases,

or flames from creating hazards to personnel, vehicles
or equipment,

Subsystem activation/deactivation - subsystems shall

Te designed to prevent inadvertent or accidental
activation or deactivation of functions or equipment
that would be hazardous to persompel or the Space
Station.

Hazards warmng/corroctive actions ~ The Space Statian
shall have the capability to provide crew warning of
hazardous conditions and provisions for corrective
action, emergency crew egress/escape or rescue, or
mission termination. Pending further analyses and
trade studies, automated safing and recanfiguration
sinall be adequate for up to TED hours before requiring
crew attention. For cases of automated switchover to
vedundant paths, confirmation ol proper swiichover
or safing and the revised configuration status shall
be provided.

Override capability - The crew must be able to over-
ride any automatic safing or switchover capability.
A1 overrides shall be two-step operations with
positive feedback to the initiator that reports the
imperding results of the override command prior to
the acceptance of an execute command,

Command/control redundancy - Redundant accommodations
for compiete command and control of the Space Station
shall be provided such that the primary control cen-
ter has complete capability, but the backup control
center will have, as a minimum, control of critical
functions, with critical functions TBD. All controls
of critical functions shall be operable by pressure-
suited crewmen,
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a. Letsure and entertainment equipment, lounge areas,
and snack foods and drinks shall be provided to
enable the crews to refresh themselves during off-
duty hours, These will nclude group functions
as well as private leisure,

h. Exercise equipment and techniques shall be provided
to enabie the crews to retain the requisiie phy-
sical body tone. This equipment/techniques can be
uiilized for recreation also. Conasidering that
each crewmember may vequire one or more hours per
day of exercise, provisions for simultaneous
regding, television viewing, or music 1istening
should be considered.

Crew Support

Scheduting - Single and meitiple shift schedules may
be used, Day-to-day planning of activities and assign-
ments will be performed 1n the Space Station. Work
and sleep/rest periods shall be scheduled to minimize
fatigue and boredom.

The ground planning functions shall define objectives
for block pertod of times, The flight crews shall
make their daily work schedules based on general
programs and checklists set in the computer and
responding to ground defined cbjectives. The details
of daily operations shall be defined by the flight
crew.

Emergency provisions and planning - gequirements for
emergency supplies and operations are TBD on the basis
of crew size, mission Tength, and rescue capabilities.

Man-machine interface - The requirements for man-
machine iaterfaces are those that provide for effi-
cient, accurate operations of Space Station systems.

a. Anthropometric requirements- Crew systems shall be
designed using the 5th- to 95th-percentile male and
female NASA astronaut anthropometric strength and
5ize measurements adjusted for 30-year growth
trends.
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. Displays and controls: The maininierface require-
ments for work station displays and controls will
include the following,

{1} Muitifunctional centrols will be used for

space and welght oplimization wherever possible
{(2) Character size, display brightness and contrast

and auditory characteristics are TBD.

(3} Control size, direction of motion, and types of

controls to be used are TBO,

{4) Display format characteristics such as use of
color, color coding, and graphical versus
textual display are TEBD,

(5) Feedhack to the operatar from centrals, in-
cluding tactile, visual, and auditory feedback
requivements, are TBD

(6) Portable terminals ta redute weight and space
requirements and to enhance flexibility of
operations will be availasble,

{7) Remote manipuletors and remotely piloted free
flyers will provide adequate feedback to the
aperator, including where appropriate visual

data, range/rate, and force/torque information.

(8) A standardized approach shall be established
for desigh of all displays and controls used
by the flight crew,

. Information processing: System status will be
avatlable to the crew through an interactive data
management system guery language. The Tanguage
will be easy to learn and adaptable to use for all
systems. Inventory control shall be a part of
th1s processing system.

. Checklists and procedures: These will be stored
in the DMS and accessed through general-purpose
display devices wherever possible. The capability
to update the DMS data base checklists with rase
and safety 1s required.

2. Automation: Automated operating procedures and
system control and monitoring will be provided
wheve possible, Crew monitoring and override of
automated procedures will be requirad,

e
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HABITATION/ACCOMMODATION

Architecture

The geometric arrangement of compariments shall be such
as to provide the necessary access and egress to all
functions within the spacecraft, Traffic patterns
shall be considered of prime importance. The separa-
tian of private or rest areas from noise-producing

work areas shall be a high-pricrity consideration. A
wardroom shall be provided that is sufficient to per-
mit the nominal spacecraft c¢rew to dine together. The
wardroom shall provide a Teunging area between meal-
times.

The interior appointments, including decoration and
arrangement of furnishings, will be 1n accord with
good architectural and 1nterior design practice, 1.e.,
provide visual space and stimulation. The intent is
to provide the ¢rews with soothing, restful surround-
ings. Provisions for rearranging decor should be
considered.

Color and texture within the station shall be selected
to provide visual orientation cues (local verticall,
equipiment stowage location cues, use location avds,
aesthetic variety, and contrast for the crews. Good
interior decorator practice shall be considered mpera-
tive in this avea.

Stowage and retrieval considerations of all required
crew support 1tems as weld as station systems spares
will be a major factor in the intermor arrangement of
the station. The various stowage tems shall be lo-
cated as close to their use location as 1s practical.
The problems of restowing items shall be considered
when determining requived stowage volumes. Color
graphics shall be uytilized as an aide in crew location
of stowage 1tems. Modular stowage Tockers shall be
incerporated into the overall interior arrangement of
the station. Commen latching devices shall be utilvezed
throughout the station.
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Architecture {con't)

Significant protrusions along main traffic routes shall
be avoided,

Interior fAppointments
The wardroom shall be equipped with chest high
writing facilities and temporary storage. Basic
Wardroom equipment shall be a computer terminal and
a large screen video unit with a video cassette.
The finish applied to walls, ceilings, and equip-
ment in the vicinity of work stations and traffic
areas shall be capable of withstanding significant
abrasion and wear without noticeable deterioration.

A color graphics system shall be adopted to indicate

storage areas, affording easy recognition from any
position, distance and lighting conditions.

Tables, consoles, work stations and writing stations

shall be chest high and equippad with foob res-
traints.

Stowage and Retrievil

Drawers and cabinets shall be equipped with suita-
ble restraints to allow easy access, removal and
restowage of equipment.

Equipment stowage provisions and restraints shall
allow for easy identification of the stowed 1tem
prior to vemoval.

Drawer stowage devices shail be eguipped with in-
ternal 1ids to prevent small 1tems fvom drifting
fram and behind drawers.

Stowage areas shall be compartmented to aid in the
control of equipment during crewmen stowage and
removal of equipment,

Private Slesping Quarters

Private crew guarters shall be designed to be
uttl1zed with or without the sleep restyaints, The
private crew guarters shall be equipped for tele-
vision viewing, individual bulletin boards, the
ab11ity to control temperatures and ventilation,
trash stowage, stowage for personal 1tems, and
personalized decor.
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Archrtecture {con't)

Private sleeping quarters shall be provided for each
crewnerber during standard operaticnal phases of the
station's mission 1ifetime, Sleeping guarters shall
provide users with stowage facilities for clothing and
perscnal 1tems, music, recreational 1tems, desk
facilities, and a means of securing clothing removed
for the sleep perod. Sleeping quarters shall be
quiet with no more than TBD noise permitted,

Cbservation windows will be required for work-related
viewing, They will also be a prime sowrce of recrea-
tion, Therefore, provision of the opportunity to
rotate around the viewing port to allow bedy orien-
tation to the Earth as appearing "down" should be
considered.

AT walls and ceiling areas shall be usable for
nstallation and stowage of equipment,

Ceiling to fleor heights shall be reduced to 6
feet whersever greater equipment installation and
stowage volumes ave desired.

The Space Station wardroom area shall be designed
and sized for use as a central meeting, eating and
recreation area, Food storage and preparation
shall not be disruptive to 1ts use as & wardroom
and recreation area.

The wardroom shall double as an Emergency Medical
Facility for the Initial Space Station with storage
for an Emergency Health Maintenance Facility Unit.
This unit will be available in the Growth Station
as a Tirst aid station.

Waste Management Facilifies shall be Tocated away
from the Food Preparation Area. Privacy shail be
emphasized in the arrangement and location. A

Tocation near the private crew quarters is desirablg.

Temparature and Ventilation Controls shall be pro-
vided 1n the Waste Management Facilities.

Hormal TransTation Traffic routes shall not inter-
fere with the working, eating, sleeping or relaxa-
tion oF Crewman,

A clear zone shall be established continguous with
each hatch and bulkhead opening, requiring all
surfaces to be free of hardware protrusions, sharp
corners and edges, and recesses or holes.
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Architecture {con't)

Private crew quarters ceiling shall be designed to
permit easy ingress and egress to and from the
sleep restraint.

Private crew guarters shall be designed for conven-
ient use with and without sleep restraint. Ade-
quate volume shall be provided to allow rapid exit
from sleep restraint. .
Private crew quarters ceiling to floor length shail
exceed the sleep restraint Tength.

Windows

The window dasign shall provide the capability for
cleaning windows inside and out..

The window design shall pronide a positive means for;
removal of moisture from the space between multiple
pane windows (assumes seal Failure).

It is desirable to integrate a viewing window into
the private crew quarters and the wardromm area.

Mob11ity and restraint - The spacecraft shall provide
crew and equipment with sufficient restraints and
Tocomotion aids to enable the crews to function effi-
ciently and effectively.

Locomotion: Handholds and pushoffs shall be jncorpora-
ted into the interior arrangement of the spacecraft

to permit crewmembers to push themselves to any area
and to e able o halt their movement at any Jocation.
Equipment design must take into account that any
surface or protrusion will be utilized as a locomotion
aid.

Eauipment located in traffic vroutes and work station
areas shall be desiygned to accommodate crew movement,
Equipment shall be designed fo accommodate impact
forces impavted by crewmen during irznslation-mave-
ment.

Large items that require moving in the station shall
have built~in handles or gripable structufal or
mecharical parts,

[ —
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Valves, regulators, and other pressurized componenis
shall have an ultimate factor of safety of 2.6.
Pressure vessels shall be protected against aver-
pressurization or underprassurization that could be
hazardous o persomnel or the Space Statien,

b. As a goal, all walls, bulkheads, hatches, and |
seals where integrity is required fo maintain
pressurization shall be accessible for.inspec-
t1on, maintenance, or repair by shirt-sleeved
créwmenbers .

Docking/berthing mechanisms accessibility - Inspectiol
maintenance, and repajr of decking and/or berthing
assemtly mechanisms by shirtsleeved crewmembers shail
be accommodated where practical,

Toxic materials -

a. Previsions shall be made for the containment and/
or disposal of toxic contazminants, Hazardous

or toxic fluid storage, conduits, and ntey-
connects between modules shail be external to

the pressurized volume, An exception may be made
for flamnahle but nontoxic gases where the waxi-
mum possible quantity released by a Teak canmot
result in a flammable mixture.

b. Materials used in the habitable areas shall not
outgas toxic comstituents iy the lowest pressure
environments to which they will be exposed.

Materials contamination - Equipment or materials
sensitive to contamination shall be handled in a
controlled enviromment. -Fluids and materials shall
be compatiblie with the combined environment in which
they are employed. Process specifications {TBD)
shall define handling and application mathods.

Hazardous accumuiation of fluids - Provisions shall

be made to prevent hazardous accumulations of gases
or hiquids within the Space Station (f.e., toxic,
explosive, flammable, or corrosive). Detection of
hazardous gases shall be required in critical areas
and closed compartments to ensure that no hazardous
conditions exist, As a goal, the Space Station
system shall minimize the use of hazardous materials.
Limitations regarding the accumulation of toxsic and
non-toxic gases are TBD.
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Restraint aids: Properly designed and deveioped faot
restraints are generally adequate to provide crew-
members with sufficient restraint to fulfill their
functions. The foot restraint must be positive, pas-
sive, easily engaged and disengaged, lightweight, and
fit the user's foot snugly. In arees or functions
that reguire extreme steadiness, additional body
restraints may be reguired,

Equipment restraints will be provided to anchor every
1tem of use that is not permanently attached to the
station. Such items as veicro paiches, bungee cords,
magnetic attachments, and the Tike are to be considered
and utilized as restraints. However, this does not
preclude additiomal restraint concepts (e.g., airflow
tables).

Crew body restraints and work done 1n restraints shall
not involve sitting, bending, stooping, or crouching.

A positive grid/shoe restraint system or equivalent
shall be pravided for crewmen use throughout the
Space Statian.

Restraini systems shall permit the crewmen to readily
change pesition within reasonable working limits.

Work stations shall be designed for zere-g body posi-
tive with restraints adjustable in body Tength and tors
Tength,

Whenever a crewman is reguired to engage or disengage
foot restraints, suitable, grabable, conveniently
located handholds shall be provided.

Adequate personnel restraints shall be provided in the
Waste Management Area.

A simple readiiy apphied and available restraint aid
shall be provided for temporarily holding small items
such as tools, boits, screws, and washers.

b
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Equipment Restraints

Each work station shall be suitable eguipped with
posttive restrainis for conveniently holding check-
tists, books, and manuals, open to & particular page
and maintaining adequate visibility and T1ghting.

Clothing - The_station will provide the crews with
adequate clothing and the cleaning/washing facilities
to maintain that clothing.

a. Duty garments. The clething worn during the
scheduled activities for the crew 1ncludes under
and outer germents. The clothing shall provide
the wearer with adequate pockets, etc., to serve
as small equipment restraints. Flammability,
cleanability. and wear resistance shall be can-
sidered. The change in body size in microgravity
should be considered.

b. 0ff-duty cleihing: The clothing worn during
exercise and/or casual rest perieds may inciude
portions of the duty garmets and shail provide for
variety. -

c. Sleepwear: Sleeping garments shall be provided
for the crews.

d. Protective clothing: Any protective clothing or
garments deemed necessary for the heatlh hazard
protection and well-being of the crews for particu-
lar missions shall ba Turnished.

Personal hygiene - The spacecraft shall provide

faciTities for body waste collection/disposal. personal

cleanliness, and bathing. These systems shall be
private and easy to use and clean,

a. Body waste collection: A means of collecting
fecal matter and urine from crewmembers and dis-
posing of that material shall be provided, The
facilities shall be private, easy and efficient
to operate, sized for 5th- to 95th-percentile
female and male users, and easy and simple to
maintain and keep clean.

The solid waste fecal-collectar shall ba oriented
1n the Earth-q position.

!
;
e
]
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b. Personal cleaniiness: Facilities shall be provided

to aid the crews to keep their hair, face, hands,
and teeth clean and healthy at all times. Shaving
facilities wiil be provided, The facilitiss shall
be easy and efficient to operate and easy to main-
tain and keep clean.

A handwashing bubble shall be available for use
outside the Waste Management facility.

c. Bathing: A full-body shower facility will be pro-

vided, This fac1lity may also be used in case of
chemical burns.

The shower fac1lity shall satisfy the fpilowing

requirements and characteristics,

. Easy to use

. Hot and cold running water controlled with a
mixing valve

. Permit hair and scalp washing

. Use airflow system o remove water

. Provide temperature controlled (heated} dressing
area.

Housekeeping - The spacecraft shall be designed and
arranged to facilitate keeping 1t clean. The equip-
ment and expendabies necessary to maintain this
cleaniiness snall be available to the crews.

&. Cleaning® Al1 areas of the spacecraft shall be
maintainable and cleansble. The equipment and
supplies necessary for this cleaning shall be
readily available to and usable by the crews.

A11 parts of the Waste Management system shall be
designed to be eas{ly disassembled for daily
cleaning,

The Food Preparation and wardroom eating aress
shall be designed to he zasily cleansd following
food spills.

b. Refuse collection and disposal: A1l the %rash
generated by the crew in using the various systems
of the spacecraft shall be collected and disposed
of. The collection points shall be readily
accessible and 1ocated near the areas of greatest
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Communications - This subsection concerns person-to-

trash generation. The trash shall be treated
with bactericides to prevent it from producing
gas or odors. It shall be stored and réturned
to Earth via the logistics sysiem.

person commumication within the station and with the
ground and also man-machine interaction.

a. IVA communmication: The station shall provide means
to communicate readily From any point in the
station to any other point. The noise levels shall
be sufficiently low as specified TBD to allow
face-to-face conversations. The IVA communicationd
net shall be designed and located to prewvent
feedback and spezker interference,

The communication system intercom shall be flexi-
ble in operation and read1iy moveable. A duplex
portable wireless intercom shall be considared as
part of the intercom communication system.

b. Person-to-ground commnication: Facitities shall
be provided to enable any crewnzmber to readily
talk privately with his family and/for friends on
the ground. This will include radio communications)
and may include 1ive two-way television viewing.
Private medical conferences shall also be provided
far. '

c. External Communications: The communication system
shall provide a method for signaling use state.
A Tight or equivalent indicator shall show when
the ground 15 transmitting and when the spacecraf
is transmitting,

The communication system shall be desigrned to
allow the operation to follow the information
Flow.

Crew Activity - Work/restfleisure schedules shall be
developed to effectively utilize the crew's time and
capabilities and maintain their productivity. The

recessary equipment shall be provided to accomplish
this,
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Failure tolerance - In the event of critical onboard
subsystems failure, Space Station subsystems shall
he designed to minimize risk of less of modules, 1n-
Jury to the crew, or damage to the Orbiter and other
vehicles.

a. Mo credible single Space Station failure, opera-
tional error, or radio-frequency (RF} Signal shall
result in damage to Space Station or wission/pay-
toad equipment or in the use of emargency pro-
cedures equipment; some Timited degradation in
mission/paylead accommodations, crew convenience/
comfort, or Space Station attitude or orbit may be
allowed.

b. No credible combinaticn of two 5Space Station
failures, operator errors, or RF s1qnals shall
result in the potential for crew injury or
permanent Joss of the Space Station or primary
mission/payload capability, institution of emer-
gency proceduras/equipment way be necessary but
no hazardous operational level will be reached.

System failure notification - A1l systems that incor-

porate an automated fail-operational capability shall

be designed to provide crew notification and data

management system cognizance of the malfunction until
the anomaly has been corrected. Provisions shall

be made to return crewmen who are 1ncapacitated while
performing EVA to the Space Statiom.

Crew radiation ~ The tentative standards for allow-
able radiation limits for the crew are defined in
Tahle 2.6-1. Subseguent study must define whether
the exposure levels established in table 2.6-1 are
acceptable or whether the Standards of the Naticnal
Commission Protection should be adhered to for
Space Station activities. Radiation doses that affect
personnel safety must be considered from all sources,
including natural environment, external {1sotope and
reactor sources {if any}, electromagnetic, and solar
cosmic radiation.
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Materials radiation effects - Materials and component:

shbject L0 1nsidious degradation in the Space Station
jonizing radiaticn envircmment shall not be used wherg
that degradation can cause or coniribute to any crew
hazard. Provisions shall be made to safely dispose
of any spent radicactive materials such as auclear
waste from a reacter or from other nuclear resources.

Induced radiation limits - The atlowable nonionizing

yadiation 1imits for the crew are as follows:

a. RF energy: TBD

b. Laser energy: TBD

¢. Microwave energy: TBD

d. Electromagnetic radiation: Crew exposure to the
Space Station electromagnetic enviranment shall
not exceed recommended Qccupational Safety and
Health Administration (0SHA) standards.

Storage containers - Potentially explosive containers
such as high-pressure or volatile-gas storage con-
tainers shall be placed outside of and as far as
possible from living and opevating quarters, Uhen
ever possible, the containers shall be isolated and
protected so that failure of one wiil not propagate
to others, Specific safety storage and handling
procedures shall be provided for the following
materials:

a, High-pressure fluids: TBD

b, Velatile gases: TED

¢. Subgritical fluids: TBD

Cabin pressure vessels -

a. AIT cabin pressure vessels shall be designed to
leak-before-rupture criteria. A cabin wall
puncture due to accident or collision shall net
result in rupture. Conservative factors of
safety shall be provided whers critical single-
failure-point modes of operation cannct be
eliminated {pressure vessels, pressure lines, .
valves, etc.g

Pressurized 1ines and fittings

size {(inside diameter), in. Ultimate factor of safety

1.5 4.0
1.5 2.0

=
=

e m e s
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Cormunicaticns

A downlink system of communication should include
image transmissicn so that the onboard medical crew-
men way show images of an injured crewmember, micro-
scope slides, or X-ray images while he 1s in private
censuliation with the ground physicians.

Other Considerations

a. Noise control: Provisions should be made for
providing a low-noise environment in the HMF to
facilitate acoustically coupled diagnostic pro-
cedyres, (e.q., auscultation}.

b. Contamination control: Biologically contaminated
waste material should be disinfected as ¢lose as
possible to its source prior to storage, processing
or disposal.

c. Equipment maintenance: Crews should he trained n
making necessary repairs and maintenance on med-
ical equipment. Equipment should be self-diag-
nosing via microprocessors and be of modular
construction.

General Satety Requirements

The following requirements are defined or marked TED
using the most current information. Many of the
tecknical areas are under study. The reguirements
Will be medified and updated as the studies are
completed.

The Space Statian shail, in the foilowing order of
preference, (1) be designed to eliminate hazards

by appropriate design measures; {2} prevent hazards
through the use ¢f safety devices or features; and (3)
contral hazards through the use of warning devices,
special precedures, and/or emergency protection
devices,

TBD Tep X X
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Explosive devices - Provisions shall be made for

arming expiosive devices as near to the time of
expected use as feasible. Provisions shall be made
to promptly disavm explosive devices when no longer
needed.

Battery Tocation/design ~ Batteries shall be 1soTated
and/or provided with safety venting systems and/or
axplosive protection.

Exposed power lgads - The crew shall not be exposed
to electrical power leads carrying higher than TBD
volts at any freauency below TBD kilohertz without
a minimum of TBD actions. The use of high-voltage
direct current shall be avoided where possible,
Ground-fault protection shall be provided for circui-
try or power distribution buses directly accessible
by the flightcrew,

Earth-to-0rbit Transportation {and Bbort)

Space Station assemblies transported in the Orbiter
peyload bay shall, as a minimum, be designed %o
comply with the requirements of KHBE TBL.

a. Ground system shall provide for safe disposal of
hazardous vented or boiloff fiuids. Detection of
hazardous fluids shall be required in ground
systems critical areas and closed compartments
where such detection is critical to personnel and
equipment safety or ground operations.

b, Space Station payloads shall be capable of safely
recycling to a TBD time before launch hold.

c. The Orbiter Space Station paylecad shall not jeo-
pardize the capability of the Orbiter to safely
parform Tatact abort.

Assembly, Test, and Checkout On-Orbit

a. Deployment and initiation of operations considered
hazardous shall be checked out from a safe locatios
before exppsing crewmembers to potential hazards.
The Space Station shall be capable of being manned
{shirtsieeve or ntravehicular activity {IVA)) for
performance of maintenance and station assembly
tasks following any one component failure.
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b, Safety requirements relative to an extravehicular X X X X b

activity (EVA) "buddy" system or for keeping EVA
crewmen within visual range are TBD.

c. Each fluid delivery system must contain a minimum X X X X X
of three mechanically independent fluid control
devices in series that remain closed during all
ground and flight phases {except ground servicing)
until reaching a safe distance from the Space
Station or manned medules. A Flow control device !
shall isolate the fluid tank{s) from the remain- 1
der of the distribution system, This isnlation
valve may be opened undev provisions described
in paragraph TBD. A minimum of one of the three
devices shall be fail-safe; 1.,e., the device shall
return to the closed condition in the sbsence of
an opening signal. The opening of any flow con~
trel device shall not result in adiabatic detona-
tion or uncontrolied release of the fluid. Each
fluid system shall provide the capability to dump
stored fluids in accordance with paragraph TBD
when an emergency or abort situation arises. -

d. Safety requirements applicable to the on-orbit X X X X X
serv¥1cing of s01id propellant boosters, reaction
contral systems using moncpropellants, and/or
hypergolics shall be investigated and incorporated
TBO,

0n-Orbit Operations

Safety requirements appiicable to all on-orbit missiofs X X X X X
and cperations shall be investigated and incorporated
TBD, Investigations for on-grbit operations 1nclude :
OTY interfaces, surveiilance wonitoring, maintenance,
and resupply.
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Safing and crew rescue - The following capabilities
shall be provided by the $TS and Space Station.

a. Crew rescue by the Orbiter within TED days. The
need for a Space Station-based emergency vehicle
for return to Earth shall ke TBOD.

b. TIsolation of any module containing hazardous/
toxic materials from the remainder of the Space
Station within TBD seconds., Emergency conditions
requiring isolation of a module shall be defined
on a case-by-case basis.

¢, A safe haven, isclateble from the rest of the
manned station, capable of sustaining the flight-
crew for TBD days. Emergency equipment in¢luding
fire suppression, 1ife suppori, and medical
supplies will be provided within the manned safe
haven and the manned Space Station modules.

d. Emergency provisions shall be developed and pro-
vided TBD,

e, Detection, containment (confining), and control
{restoring to & safe cordition) of emergencies
such as fires, toxic contamination, depressuri-
zation, or structural damage. Specific decon-
tamination procedures shall be provided for each
emergency control to restore a safe operating
condition.

Loss of module - In the event of a complete functional
Toss of any one module during all phases of the Space
Station 11fe, the Space Station shall meintain itself
in a stable attitude and orbit for a period of TBD
days for the initial operational crew s1ze and TBD
days, beginning at any point in the resupply cycle,
for growth-level crew s1zes. Independent habitable
conditions such as atmosphere, food, water, waste
management, health cars, personal hygiene, sleeping
provisions, comunications, and command/control shall
be provided in the remaining modules during these
periods. This dimplies the capab1Tity of module
1solation,

TBD
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System Autonomy

The 3pace Station shall be capable of operation

independent of ground support {"operational autonomy"}.

For unmanned periods of operation, both during and
subsequent to buildup. and for certain TBD contin-
gencies, the Space Station shall accommedate ground
control for system operation and monitoring, Real-
time Space Station status information, on a selected
basis, will be available to the ground, The manage-
ment of Space Station systems will divide operaticns
between the flight portien of the system and the
ground 50 as to most effectivenly utilize the capa-
bilities of each., Station system autonomy and on-
board autonamy will be emphasized as a goal. System
autenomy will minimize ground control of the station
and onboard autenomy weil minimize crew involvemant
in systems monitoring, allowing maximum use of the
crew to perform high-return activities in support of
user missions.

. The capability to conduct near-term activity
planning shall be required onboard the mannad
Space Station to the extent practicable.

b. Subsystem management, including consumzhles, shall
be accomplished orboard the Space Station under
the supervisory control of the flighterew.

c. Maintenance of proper orbit parameters and
orientation control shall be accomplished cnboard
the Space Station by the flightcrew or under
their supervisory control.

d, A1l essential subsystems and the Space Station in
its entirety shall be capable of being maintained
in a quiescent state and reactivated by commands
from the ground as well as from the fiightcrew
onboard the Space Station. Control from the STS
shall not be a capability.

e, The ground shall provide TBD long-term trend
analyses in support of flight hardware failure
prediction, spares prowisianing, and maintenance.

FOLDOUT FRAME

Raquirements Survey for Crew Systems Continued

41 7) FOLDOUT FRAME




ORIEAL PREE B
OF POOR QUALITY

ORIGINAL Page

e
OF Poor QUAL]T,§
DI180-27487-3

471

Technsiop! l o—

“ﬁmmm

Eaty LBD Advred LG

1. The Space Station shall be designed to eliminate
insofar as practicable the need for real-time
monitoring and control of subsystem functions by
the flightcrew or ground personnel {"machine
autonomy”). HMachine autonamy shall be optimized
within the Space Station system and subsystems to
also eptimize crew involvement in failure detec-
tion, safing, and redundancy switching. Machine

to increase crew efficiency, enhance payload
operations, reduce ground support requirements,
gnd increase system integrity.

g. Failure sensing and correction and unsafe-condi-
t1on sensing shall be accomplished autonomously.
High-level unssfe conditions (e.g., loss of Sun
Tock, potential loss of consumables, major power
Ffault, etc,) shall qnitiate a safe-state estab-
Tishment and wait for human involvement. Safe-

for unanticipated failures and for any incorrect/
false response by other autonowous features.

Lower level unsafe conditions shall be corrected
without affecting other Space Station activities,

h. Periodic and other nominal maintenance functions
shall be performed by machine autonomy. These
functions dincTude but are not Timited to inertial
sensors calibration/initialtzation, battery
cenditioning, and articulation actuater calibra-
tions,

1. Machine autonomy shall provide for resource
management such as power management, battery
energy accounting, and data storage management,

j. To the extent practicable, autonomous navigation
and orbit control shall provide for orbit
maintenance within prescribed bounds for a TED
time without ground or crew support.

k. Preprogrammed event sequences and/or routines
shall be used to accomplish routine engineering
and payload functions. The use of alternative
paylcad sequences, to be selected autoncmously

be accommodated.

autonomy shall be implemented op the Space Station

state respenses shall provide a safety net functior

based on the content of datz being acqrired, shall
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1. Failure detection thresholds shall be capable of
in-flight adjustment, Machine autonomous functions
shall be capable af individual enable/inhibit
contral. Fault-condition responsa sequences shall
be modifiable and expandabie in flight, except

when basic reliability would be compromised.

m, Maching autonomous Tunctions shall be capable of
being validated on the ground and verified period-
1cally in flight, Loss of redundancy required for
fault-correction routines to function properly
shall be detected and displayed for the crew and
ground personnel. During an anomaly respanse,

key telemetry and configuration state history shall
be stored. A1l steps taken by the autonomous
recavery logic shall be included so that a ¢lear
history of the anomaly, 1ts refated effects, and
the trace of the response soTtware will be known.

OPERATIONS REQUTREMENTS

Space Shuttie Orbital Operations

Space Station Bu1ldup

The delivery of various Space Station systems elements
to orbit will be accomplished by the ST5. Imitial
assembliy, activation, checkout, and operational
verification tasks will be shared by the 575 in a
Shuttle-tended mode, the Space Station flighicrew,
and ground control. Crew occupancy will occur after
the manmed system §s verified and will consist of

a crew rotated by the STS every TBD days. As opera-
tional confidence is achieved in the various elemants,
ground support of their operation will be phased to
an effective mix of onboard control and ground con-
trol, Expendables and spares will be periodically
carried to the station in a logistics module by
Shuttle resupply missions.

Orbital Operations

Orbital operations will 1nclude operating and ser-
vicing internal and externally attached experiments/
paylodds/Taboratories, operating and servicing the
urmanned platform-mounted experiments/payloads,

ment of payloads and upper stages, national security

servicing of payloads and free-flyers, test and deployd

To LEO wia
§TS

To GEO via
oty
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and commercial operations, and¢ eventual large-scale
construction/assembly of payloads. The manred Space
Station will operate cooperatively with the unmanned
platforms and their attached 1nstruments, experiments,
and payloads by providing systems monitoring and con-
trol, data and material collection, and systems/instru
ment replacement and refurbishment,

Space Station Orbital Operations Requirements
Evolutionary development - Evolutionary development

during the 1:Fe of the Space Station shall be regquir-
ed as a major operaticnal and design consideration,

Operations - Yhe manned station is intended te eoperate
Tn the mgnned mode, Unmanned operations at the manned
station will, as a mimmum, consist of (1) maintenance
of orbit, attitude, and systems, and (2) continuation
of certain essential services to attached payioad
hardware,

The system shall opervate in Shuttle-tended modes for
material and crew resupply and for delivery of Space
Station elements and delivery/return of payleads.

subsystems shall be automated to the fullest extent
practical. The flightcrew or the ground shail be
able to change automated sequences and Jimits in
real time.

System design and operation shall allow use of the
flightcrew for the performance of tasks when man's
capability and utility could provide a cost-effective
alternativeyto automatien.

Management of Space Station system operations {both
manned and unmanned elements) shall be divided be-
tween the T1ight system and the ground system to
most effectively utilize the capabilities of each.

Continuous subsystem monitoring and control by either
the flightcrew or the ground shall not be required
for normal Space Station operations. S$pace sfation
subsystems shall be designed such that any single
credible Tailure will not require crew attention for
a minimum of TBD hours and will not affect critical
Space Station operations.

0TY-tended
mode
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The attached payloads may require scme interaction
by the Space Station. The extent of this inter-
action i1s payload dependent and will be determined
on a payload-by-payload basis, Planning for the
attached payioads will be done hy the ground while
centrol may be by ei1ther the Space Station or the
ground.

Unmanned Platform Operations

Generally the operations scenario for the platforms
and payloads is the same as for the Space Station.
A Platform control center 1s the focal point for
platform-related activity. It is possible that the
platforms will be orbiting and operational hefore
the Space Station. Platform mansuvers may be
coordinated with the ground or be commanded by the
Space Station without ground interaction.

Payloads

The term “payload" is used to identify all classes
of instruments to be carried on-orbit by the Shuttle.
The specific characteristics of the payload will
depend on the details of the Space Station or an
uvrmarned platform to which it 1s attached. Seme
payloads will be free-flyers (i.e., self-contained
spacecraft not attached to the Space Station or

to an unmanned platform). Other payloads w111 be
attached to the Space Station or a platform, with
the Space Station or piatform acting as utility,
providing services to the payload. Payloads must

be compatible with the Space Station mission whether
flown on the Space Station or on an urmanned platform,

PayJoad and Mission Operations Requirements

Operations - Manned station operations shall require
operation of interior and attached payloads, satelldtel
servicing, satellite constructien, and mating with
DTV's, OTY and TMS servicing and deployment/return
and mwission/experiment operations shall be conducted
Jointly with the unmanned co-orbiting platforms.
Civil prograws, international programs, and national
secutity programs shall be supported.

Requirements Survey for Fiight Operaticns Continued
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Provisions will be provided onboard-to allow the crew
to accomplish nearterm plaming with a minimum of
ground support.

Maintainability - Since systems wrll be maintained
while on-orbit using both IVA and EVA, maintainability
shall be a prime consideration in design of the systemd
Eazy removzl, repair, andfor replacement of Space
Station equipment shall be required to the lowest
practical Jevel.

Critical systems shall be capable of undergaing
maintenance without the interruption of critical
seryices and shall be "fail safe" while being main-
[taned,

iThe orb1tal replaceable hardware shall be designed for
lease of on-orbit replacement. The hardware shall be
designed or integrated to use common type Tasteners,
common cohnectors, and common tools and to utilize

the same packaging as appropriate,

Command and data handling - Primary communications
between the ground and the Space Station system shall
be through the TDRS or 1ts replacement system.

Jogistics - Logistics for the orbital operaticn of the
hpace Station system shall eonsist of the orderly
planning and executicn for the resupply of consumables,
Helivery of spare/repair parts, propellant resupply,
delivery or return of payleoads or the delivery or

Long-tevm activity planning shall provide the inte-
gration of requirements and schedules for the various
Togistics tasks. The STS will provide the means for
the delivery to the station or the return to the
ground.,

To minimize the logistics tasks, consideration should
be given, as an example, to the Ievel of the station
letements systems' redundancy, consumahles guantities
jonboard, and maintainability requirements in order to
reduce the frequency of required ressupply or repair
frissions.

return of any new or damaged element, and crew rotationi

S5TS to LEDY
OTY to GEQ
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A TBD level of redundancy shall be required in safety
critical systems within the manned station.

Emergency equipment, including fire suppression, 11fe
support, and medical supplies, shall be required
within the manned station.

Orbiter interaction - Orbiter interaction with the
Space Station requires that the station be passive an
that the Orbiter be the active docking vehicle.
During periods of 515 servicing/resupply, 2 coordina-
tion effort among the platform control function, the
578 control center, the Space $iation control func-
tion, the Orbifer, and the station shall be required.

Commonality - ORU's shall requive standardization
for direct interchangeabiiity, Commonality of com-
-ponents, both hardware and software, shall ba re-
quired to the extent possible. This applies to both
flight and ground systems.

Management information capability - A management
Tnformation capability shall be required onboard
the Space Station and/or on the ground to provide
systems maintenance and troubleshooting procedures,
track consumable requivements, and repair and re-
ptace information,

Paylead and Mission Operations

Manned Space Station Cperations

The manned Space Station, operating in Tow Earth
orbit, shall provide complete ut1lities and commun-
ication services for certain classes of attached
payloads, such as life sciences and biclogical
research. These payloads are tolerant of man's
presence and, in fact, may utilize man as an integral
part of the payload operations. Some payloads will
require real-time diagnosis of science and subse-
quent reconfiguration, periodic collecticon of =amples
and the changeout of specimens/samples as well as the
monitoring of key parameters.

f

0TV in
Tieu of
Orbiter
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Experiment/payload operations at the manned station
and wrthin the system shall include the high capa-
bility for a high level of user participation.

The system shall be designed and operated such that
the flightcrew will have the ability to change pianne
activities in order to capture time-critical data
from unexpected events.

Capability shall be prowvided for independent user
eperation and the monitoring of payloads consistent
with safety and user compatibility constrainis,

User interfaces - Station system operations fer
experiments and paylinads shall place a minimum
number of requiremsnts on users. Requirements shall
be Timited to those necessary Tor safely and user
compatibility.

The Space Station and its operations shall provide
s1mple, standard, stable requirements and interfaces
of users of 1ts services,

Operations and design shall provide a "user friendly"
system to facilstate onboard aperations by scientist
or payload experts with a minimum of Space Station
specialized training.

The Space Station system shall provide an optional
capability for payloads to provide their own services
such as computational, cemmunication, ECLS, and/or
power subsystems.

Payloads shall be serviced on-orbit by the Shuttle or
manned Space Station and may be changed out as reguir-
ed, Payload changeout shall be performed by the
Shuttle or by the 5pace Station as appropriate.

The Space Station shall have the capability to
service and repair satellites, payloads, and un-
manned platforms.

Autanomy - For the unmanned piatforms, TMS and OTV
machine autonomy shall be required to the subsystem
ievel,

OTY or TMS
servicing

I
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Ground Control/Support Operations

Ground Control

Real-time ground suppert shall be provided toc the 5TS
and/or Space Station crew 1n the form of flight and
systems monitoring and assistance during assembly

and activation of each system element. This level of
support w11l be maintained on a continucus basis
until confidence has been gained 1n the orbiial
configuration operation. Subsequent monitoring will
be 1imted to periodic checks, This procedure will
te repeated for each new station element. This
periodic monitoring approach will be used for both
manned and unmanned station aperations; however,
voice communications with the manned statien will be
required,

Ground Contral Support Dperations Requirements

Init1ally, ground control shall provide for systems
mon toring and support and then shall significantly
reduce the real-time monitoring as the system becomes
operational. Allocation of functions {from ground
to flight) shall follow a planned phaseover as the
operation matures.

Crew machine-designed ynterfaces for flight and
training shall be based on standard work stations
with features such as color graphics, callup of
precoded routing procedures (and other software
switches), and help and tutorial software.

Systems monitering to augment crew capability shall
be requirad during critical flight phases such as

rendezvous and docking or duyring major system failure)

Training - The system shall be such that the need
for spectalized flightoraw training is minimized.

'
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Flight dynamics - A routine trajectory ground service
shall be required once the Space Station is cpera-

or the ground include orbital maintemance of the sta-
tion, OTY, and TMS maneuver planning and tracking,
unmanned platform tracking, and satellite retrieval
nlanning and tracking. (Orbital rendezvous with

the station or othey elements will continue as an

STS function.)

Ground Operations

Objectives

The primary objective of ithe Space Station ground
operations process is to ensure that the inteqrated
fl1ght and ground systems satisfy the applicable
requirements, This objective will be accomplished
by demonstrating that the performance of the com-
bined Space Station subsystems, elements, payloads,
and ground support equipment (GSE) meet established
requirements and that the relaied interfaces are
compatible and functional.

Ground Operations Requirements

Systems verification - Prelaunch operations shall
provide verification that systems are launch ready
and shall include interface verification to minimize
on-orbit 1ncnmpat1b111t1es

Pnysical and functicnal interfaces between Space
Station elements and between payloads and the Space
Station shall be demonstrated as compatible and
functional before being committed to launch,

Self-test capability - Maximum use shall be made of
flight system capability to reduce the reguivements
for GSE and other support during ground test of
Space Station flight systems. Ground system simu--
Tation 5hall be required to support onboard problem
resolution.

tional. Services to be performed by the Space Statron

Requirements Survey for'Flight Operations and for Ground Opsgrations
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E?:;;;ﬁ':f" FORM 1 COMMUNTCATTIONS & TRACKING Manned Platforms : Unmanned Platfiorms
ﬁeg:" Early LEQ Advanced LEQ GEO ! !
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~Mission Enabling Regmt GASMP s0C SASMP soc soc Early | litormediste | Advanced ;Fﬁweik;od

CONCEPT DEFINITION STAGE
2.008 Design With a 25% Growth Weight Margin flot defined b4 Not defined X TED
2.010 Orbiter Cargo Bay Size Constraints

. 15 feet diameter x X X K X !

. 52-59 feet length
2.G11 Space Buildable/Deployable {Antenna) % X X % X :
2.01% Ho Unigue or Specialized Egquipment For Deployment “

{In-space antenna buildup) X X X X X )
2.020 Antenna Constraints

. Moment of inertia symmetry about orbit plade Not defined % Not defined X TBD

. Max moment of inertia about axis normal to orbit

plane
. No persistent gravity gradient tergues
i

2.021 Pravisions for subsystem services growth t{o meet X % X X X i

miss1on needs 4‘ .
2.025 | 90 day operations without resupply % X X < TBD R
2.032 Design-capable for high inclination & geosynch orbits. X % X % X
2.033 10 year design service life Not defined X Not defined TBD 8D

Reguirements Survey far Communications and Tracking
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due to accidental crew impact (EVA}.

g?:gg;t_fy I FORM 1 COMMUNICATIONS & TRACKING Manned Platforms 1 Unmanned Platforms
g:g:ﬁ Early LEQ Advanced LEO GEO
. flfq.tiirear;eqt £ ing & E :

—Mission Enabling Reqmt SASMP SASMP soc s0C arly Isﬁmedmm Advanced g?vﬂdk;od

4,208 Medical Communications - Image transmission of Net Defined ki\lot Defined X X .

injured crew, microscope slides, x-ray images [

for ground consultatien. Medical records and data

communieations.
7.103 Structures (antennas} designed o resist damage X X X X !

FOLDOUT FRAME
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0
D180-27487-3 F POOR QUALITY

Technology

Discipting FORM 1 COMMUNICATIONS & TRACKING Mznned Platforms Unmanned Platforms
Regmt Early LEQ Advanced LEO GEQ
Egde Requirement 5 Eart ] Intermediate | Advanced 250 i
. % ¢+ Mission Enabling Reqmt SASMP s0C SASMP s0C $0¢ sach  laakp | Sase Fwd Mod
7.501 Communications and tracking services between S0C and - No OTY's % X X X I
. Shuttle . Free-flyers . Co-orbiting Sats
. EVA's . Remote teleoperators
. OT¥'s . Relay Sats
SOC COMMUNICATIONS LIRKS PERFORMANCE REQUIREMENTS
Link~50C  Frequency® Number** Ranga Data
To/From Band o Vehicles Requesis  Requests
Relay S.Ku, or mm 1 38000 km Di-Ratef No mmW X Ne  mmbd X X
Satellite Low Rate
Data, TV,
Yoice
Orbiter 5-hand 2 2000 km  Vice & Datal X X X X X
VA Probably UHF 4 10 km Dupiex X % X X kS i
Voice; Low-
Rate Data
aTy Ku-hand or 2 38000 km~ Voice, TLM, - X - X X
(Manned} mm wave Low-Rate
Data
2000 km- Ranging
100 km - TV from OTV
to SUC
oTV Xu-band or 2 33000 km- TLM, Low- - X - X X
(Unmanned wm wWave Rate Data

2000 km- Ranging
100km- TV from GTV
to S0C (rempte pilotinglaid)

Free-Flyer S-band, q 2000 km- TLM. Low- No mm W X No mm W X X
Ku-band or Rate Data,
mm wave Ranging
100 km- TV from
free-flyer !
o S0C
Tracking mm wave Up te 10 2000 km- Tlong-range Mot defined X Not defined X X
Radar targets 100 km-  short-range .
nmode !
GPS L-band 18500 km- Mavigation [Not defined X Not defined X % !

11
Data

*Subject to i1echnology Developments.
*+S1my1taneous communicaticns requirement.

= FOLDDUT FRAME
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i
Ef:;;ﬁg\’ FORM 1 COMMUNICATIONS & TRACKING Manned Platforme B Unmanned Platforms
flegmt Early LEO Advanced LEQ GEO !
E:-de N i il termed: Adv, 250 k
—Mission Enabling Regmt SASMP S0 SASMD soc soc Early [! ermediate SAS?’“M 250, h?ud
7.602 Duplex coms via synchronous satellite relay sysiem X X X X X ! I
with initiail deployment |
7.603 1) SOC/TORSS/Ground Links 5. Ku bands | 5, Ky bands; 5, Ku bands|mld frag S. Ku, mm !
2) SOC/0rbiter Links 5 band S band 5 band & band Sy Ku, mml ‘
3} SOC/Freeflyar & S0C/0TY links S, Ku bands | S, Ku bands S, Ku bands{mmd freq S, Ku, mmb :
7.604 1) Transmission, Reception, Processing b X X X X '
. Voice X b4 X X X ;
. Telemetry X bt X X X !
. Commands 14 % X X X
. Wideband Data X X X X A .
LTV X X X X X
. Text TBD X TBD X X
. Graphics TBD X TBD X X
2] Securz Coms ' |
LA - X - X X i
. Anti-sponf !
3) RFI Environment Capabilities X X X X X )
7.605 Receive & Process GPS Signals for NAY X 1S X :
1
b
1
Ll
] [}
ok
!
b
|
R
|
i
Requl}ements Survey for Communications and Tracking (Cont'd)
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‘Dﬁ;;*n"ew FORM 1 COMMUNICATIONS & TRACKING Mamned Platforms | Unmanned Platforms
Regmt b
Cage . Early LEOQ Advanced LEQ GEO 1 ]
fo. e Enabling & Eari Infermad Advanced
’ —Mission Enabling Regmt y nfermediate 250 kew
SASMP so¢ SASMP soc soc sase | SASP Ferd Mod
T
7,606 Acquisition & Tracking -
. Traffic Control - X - X X
. Rendezvnus & Docking ¥ X % X
. Orbital Ephemeris Generatian - X - % X
Capabilities -
. 100% coverage within +/- 16 of orbit plane
. 75% coverage for balance of sphere, except
. 100% coverage within & Km for free-flyers with
propulsive stages Not defined X Not Defined X TBD
. Monitor up to 10 targets
. Whole-sky sweep to 2600 Em in 2 minutes
. Path prediction cemputation for muitiple target
scan - |
|
Parameter Long Range Made Proximity Mode
Range 2000 Km 100 Km !
Range Accuracy 1 Ka 1¢ Km !
Velocity Accuracy 1 m/sec 0.1 m/sec
Angular Resolution 25 mr 10 mr
|
7.607 1} Voice Conferencing X 4 EYA's, X Same as Same as .
mannad pariy LED [early LEQ i
spacecraft, s0C 50C i
ground net, f
& S0C :
2} Recn’gnize, process, amplify, mix, synthesize, No recogni- X No recogni- X X !
switch, and distribute voice to and from internal [tion or tion or !
user lgcations, hardline, and rf interfaces. synthesis synthesis g
i
i
! '
i
i
|
i H
|
. U
Requiramerts Survey for Communications and Tracking (Cont'd] '
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Technoiogy

Discipline FORM 1 COMMUNICATIONS & TRACKING Manned Platforms s | Unmanned Platfotms
Regmt Early LEO Advanced LED GED :
Code Reaui 1
k. S eion Enabling Regmt Earl lnfermediate |  Adv
—Mission Enabling Reqm SASMP s0C SASMP SOC sOC s:rs}; SASI;’ edla anted gi?:]kh‘;od
7.508 S0C - Ground & S0C ~ Manned spacecraft duplex voire from desig- From desig-
coms from any pressurized volume which might serve nated "Safe % nated "safe X ¥
as emergancy rebreat. Haven® only Haven" only
7.609 No attitude restraints to maintain RF Tinks TORSS Tinks X TDRSS 1inks X 1
only only I
7.610 Operational Requirements Not defined Not defined ' X
S0C RF COMMUNICATION LINKS OPERATIONAL REQUIREMENTS !
S0C_Comm Usage Interruptible 1
1
To/From Relay Continual Yes X X X
Satellite §
1
To/From Orbiter  Continual During Except During X X X v
Rendezyoys Oocking, Docking o
Separation 1‘ ;
.
To/From EVA Continuous During EVA HNo X X X J .
[
To/From 0TV Continual During OTY  Except During X X X |
Launch and Recovery pocking .
Dperations ;
Te Free-Flyers Decasional (Qpera- Except During X s X 1
tions, Orbit Main- Docking and
, tenance, Recovery) Maneuvering
From Free-Flyers! Continual (Status) Yes X X X ;
Surveillance © Continual No X X X ‘
Radar i
H
l
. 1|
Requiremernts Survay for Communications and Tracking (Cont'd) 1
2
FOLDOUT FRAME 60 FOLDOUT rRayr
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ORIERAL PAGE
OF EQOR QUALITY D120-27487-3
st FORM § COMHUNICATIONS & TRACKING Marned Platforms _ Unmanned Platforms
Eggrent Early LEQ Advanced LED GED ’
to. ?ﬁu.iren'i_en_t . Injl di Advanced 250
—Mission Enabling Regmt SASMP s0C SASMP s0C c0C Early &:E;me hate SAS?-’n Fwdkf:rnd

7.611 SIMOP Requirements

SIMULTANEOUS 50C COMMUNICATION LINKS

Stultaneous Elements

SOC Comm Relay Orbiter EVA QTV Free  GPS L
To/From SAT Flyer . |
Relay )
Sat X %X bt |
| Orbitar % % % X 1 }
Evp 1 X XX X i
Not Defined X fiot Defined X X \
oV % X % ;
i
Free

Flyers* X X X X 14

GPS X X CO S !

*Muitiple-TBD
A-Indicates Smultanecus Cperations

Requifrernents Survey for Communications and Tracking (Cont'd)
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OF PGOR QUALIY, hiaoz7es7.y OF POOR QUALITY
Teonnal ) 1
Disciphne. | (FORM 1 cquuUNICATION & TRACKING _ Manned Platforms i | rmaned Plttorms
gsgemz . ’ ’ Esriy LEQ Advanced LEO GEO f
. Boqurement ' i ,
—Missior: Enabling Reqmt SASMF s0C SASMP soc soc Early gsrﬁ;medme Advanced %?v%k;ud
1
T i
7.612 Com 1link through docking interface with com system Mot defined X Not defineg X X 1 |
of attached vehicles J
7.613  [1}Internal coms availabie in all habitable areas
(including EVA airlocks & active dock ports)
. Duplex voice X X X X X P
. Caution & warning signals Not defined X Not defined x X [
. PA X . X X X X |
. Closed circuit video Not definad X Not defined X X
. Wireless voice com - X - X X
2) 1C5 not nterrupted or degraded in surviving modules | Mot defined X Mot defined X X ‘
due to malfunction of other modules.
3) Umbtlical-free (wireless) voice coms within and - b4 - X% X :
between modules L
7.614 Common time-base for ail C & T elements, and/or - 3 - X X | \
time-tagging of all information L.
7.615 1) TV, text, grephics - generation, processing, X X X X x
. distribution, transmission, recording, reception
2) CCTY for crew entertainment, decking support, area Not defined X Not defined X X i
monitoring !
1
3) Hardcopy printout - ground commanded and crev Not defined X Not defined X b !
initiated. '
1
7.616 |BIT throughout subsystem design |
. Failure dotect at functional path level in flight !
and Tault isolation. Not defined X Not defined H 4 !
. Continuously monitoring BITE, and test points !
at electrical interfaces. !
;
|
I

Requirernents Survey for Communications and Tracking (Cont'd)
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OF POOR QUALITY DI£0-27487-3
T |
P FORM 1 COMMUKICATION & TRACKING Manned Platforms | Unmanned Platfarms
7
ggg;nt i 3 Early LED Advanced LEQ GEQ 1
Aeduires - ]
. H ﬁxix_rfm:to n Enabling Reqme - sasmp s0C soC Early Intermediate |  Advanced 250 kowr
SASH S0C SARP Sf\SP SASP Fwd Mod
7.617 A1l equipwent capsble of quiescent (powered-down) Not defined X Not defined X X J !
configuration and reactivation by SBC or ground '
command !
7.618 Radar Eahancement Devices (RED) or active trans~ Not defined X Not defined kS X %
ponders to assist vehicles using active docking |
procedures ﬁ
7.619 Navrowband and wide band engineering data: X 4 S X X |
generation, processing, telematry transmission
7.620 Subsystem Operational data: generation, processing, X X X X X :
telemetry transmission |
}
¥.621 1} LRU Tevel planned/unplanned maintenance. Kot defined * Mot defined X X
2) LRU's designed for easy crew replacement. ,
3) External LRU's shall have EVA servicing |
provisions f
7.622 1) C&T system shall interface with the Integrated X X X X X i
Entry 8 Dispiay System viz G&T processor/controliers.
2) C&T processor/contrellers shall provide
. Status monitoring X % X X i3
. Automatic configuration management Mot defined X Not defined b X ;
. Fault Isolation x X X X X '
. Display/control functions as reg'd for ops. X % X * X J
7.623 Reliability requirements met through long-1ite X X X X X §
- design, scheduled maintenance and repair, and }7
regundancy |
f |
o
! |
I
i
\
; |
: .
H
Requirements Survey for Communications and Tracking (Cont'd) ' % .
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ELECTRICAL PGMER SYSTEM

Eﬁ;ﬁf_:gv FQRM"l ] Marned Piatforms : - i }!manned Platforms
Reamt » Esrly LED Advanced LEQ GEO |
Egde Requirement - — {e
- ** **_Mission Enabling Reqmt - SASMP SO0 SASMP SOC s0C sEm,a.svp lsr:t\sr ediote AsAdVSPancad Es&khfw
Power System (Total) PH-Phase 1 |. Life 13 |PM Phase TI|. 11fe 10 3. Life 10 |pry PM! F PM 12738 1bs
PH = Power Module . 12.5 fMe ¥rs . 25 Kile ¥rs Jre . 25 ¥Me . lZSEK . 25 ke
SM = Service Module 216,600 1bs{. Continy- |. 33,200 1t4. Capable ;. Capable 12,5 Kde }. %2'5 Ke [. 12.5 KHe
HM = Habitat Module . 25" Tlong ous Phase TII of growth] of growth| option pjcmn option
. Tife 5 . Capable [. 50 KMe . Support §. Load TEBD y
yrs - of grewth(. 49,800 Tby 5C Kde '
. Support . life b yrd Tload plus }
50 Kie experi-~ ;
Toad plus ments
experi- j
ments | i
Solar Array PM-Phase 1 §. Deploy- {PM-Phase II|. Deploy- {. Deploy- |. Deploy- |. 'Dep]oy»- . Deploy- |- Deploy-
. Daploy- able/ron-|. Deploy- able/con-] able/con-| able/con- \able/x:on- able/con- | able/con~
ablefCon~j structi- ablefcon-1 structi- structi~ structi- stihucti- structi- structi-
structi- | ble structi- | ble ble ble hip ble ble
ble . To supyort ble . To supportl. To suppori, To support. ‘Ifuisuppor‘!‘ To supportl. SEP5S Tech-
. 298%7x16' 50 ke . 2 units 50 KMe TBD toad 25 KHe 25 Kile 25 Kile nology
each PH tead nlusy 298'x16° lgad + TBQ + battery| (load plusj {lead plus| {load plus |. Each Wing
unit battery {Phase III Experiment recharg~ battery 1, batter-_v battery 28.5'x129.%
. To support vecharg- |. To supporf + battery| ing recharg- -’ wrecharg— recharg- | Two wings
12.5 Kile ing 25 e recharg- |. On tunnel; ing) ing) 1ng) . Two blan-
{Toad + . On tunnel{ (load + ing connect- i ket/wing
battery connect- battery }. On tunnel} dng SM & . 2128 1bs/
recharg- ing 84 & recharg- conpect- HM , 2 wings
ing) Hi 1ng) ing SM & : . Total cut-
HM , put 66.7
| Ke at
| 6oo¢.
Energy Storage . User not |. Ni-H2 . User . Ni-H2 . Ni-H2 . User . Hser . User
. Nickel Cadwmium Batteries supplied?] haseline supplied? | baseTine baseline supplied | 'supplied Supplied | Ni-Cd
. Energy Momerntum Wheels - Not de- . Fuel c211§4 WMot de- |[. Fuel celld. Fuel cellg . . B0 modules
. Mickel Hydrogen Batteries fined alternatej fined alternatel alternate {12 batt-
. Regenerable Fuel Cells . Flywheels . Flywheels [. Flywheels : eries)
alternate alternate] alternate . 7440 1bs
. 95.4 {WH
. B0 AH cell
. DOD 20%
I
|
Pl
!
i
]

Requirements Survey for Electrical Power System
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Reqmit
Code

Technology FORM 1
Diszipline

Manned Platforms

Requirement
** ¥4 _Mission Epabling Regmt

Early LEQ

Advanced LED

GED

1
;
L:.lnrnanned Platforms

A

SASMP

SASMP

SoC

Carly
SASP

lngceimedmte

Advanced
SASP

250 kw
Fwd Mod

30 Voit Regqulator

120 VYoit Regulator

Selar Array Drive & Power Transfer Assy

Solar Array Disteibuiron

Solar Array Drive Electronics

Cables and Connectors

Power Interface Distribution

Payload Distribution {30Y)

Payload Distribution (120V)

Subsystem Distribution

Subsystem Iinverter

Rack Distribution

oC to 115/
200V,
30,400 Hz,
TBD KW

DG to 115/

C to 118/
b00Y
50,400 Hz
TBD KW

)

|
i

. 12 units
. BB Tbs
. 3800 w

. 3 umts
. 165 1bs
. 108 w

. 2 units
. 380 lbs
. 336w

.1 umt
. 30 1bs
. 112 Tbs

. 1 unit
. 30 1bs
10w

. 750 1bs

. 1 ounit
. 175 Tbs
. 306 W

. 1 unit
. 110 Tbs
. 302 Tbs

. 1 unit
. 26 1bs
. 108 1bs

.1 umt
. 50 1bs
- 28w

- 3 units
. A5 1bs
90w

. 3 units
. 90 1bs

L 50w

( FOLDOUT FRAME
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1
E?‘:c"%gﬁi:’eg*' FORM 4 ) Manned Platforrms F Unmanned Platforms
Regmt Early LEQ Advanced LEQ GEQ ‘ E
f‘é‘de Requirement o ; —I i
—Mission Enabling Regmt SASMP soc SASMP $0C S0 Early J s’:g‘;“e‘j‘aﬂ’- g:;?’nced 12=5u~?dkaod
a—
Pawer Distribution . Protection . Protectiop. Protecs .. 30v DS/ . 3bv nC . 30V DOC . Subsystem
. 120V BC . 120V DC tion 6 Ky . 1f0¥ DC |, 120V DC sec 30V
on solar on S/A . TBD OC . 120V DC/ ' nc, 2.75/3
array . 28Y IC |, TBD AC 6 K L X
. 28V DC for batt.|. TBD K4 ! . Lo volt-
for batt. chg. f 1 age, 30V 0
chg. . 115/200v i single pt.
. 115/200 AC. 30, - gd. -
AC, 30, 400Hz, ! . Righ val-
400Hz. T8O, VA . tage
TED KV . 50 KM at groumding
. 50 KW at bus + TBh
bus experi- . 23-32.8Y
ments i pe
. Low ¥ =
solar Array Mast 25/35.5KW
. Righ ¥ =
Automatic Power System Management (APSH) . Required . Required i. Required \ 25727 KW
APSM APSH APSH '
. In SM&HM . In SMEHM ;. In SM&HM
i
Rotating Joint at Solar Arrays PM-Phaze I {. SHipking/1PM¥-Phase 11}, STipring/{. S1ipring/l, 3600 vo- | 3GP° ro- |. 360 vo- [. 3600 ro-
. 3609 ro- brush ., 3609 yo- brush lirush tation | tation | tation tation
tation baseline tation baseline baseline |, 5lipring/l Slapring/ |. Sliprings|. Slipring/
.7 e . Rotary  §. 13 KWe . Retary -|. Rotary brushes | brushes brushes brushes
power AFMR power XFMR XFMR i
transfer Alternate| transfer alternate} alternate |
. BC sTip- Phase TIT P
vings . 360% ro- i
tation ’
. 13 Kie i
powar |
transfer ! I
. DC-s5T1p- '
rings i
Battery Charger . 28y DC | . 12 umits
. Eonvert f - 660 1bs
from 120V H 1 . 1843 w
bc :
o
4o

FOLDOUT -FRAME
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;
+ Unmanned Platforms

Technology i
Disciphne ! FORM 1 Manned Platforms
Reg;m . Early LEQ Advancad LEQ GED :
% Bﬂairehrnn po Enabling R Eari Intermediate | Advanted 250 ki
) —Mission Enabling Reqmt y it Ll W
SASMP .S0C SASMP S0C SO0 SASP SASP SASP Fwd Mod
i
Emergency Power . 504 hrs . TBD hrs . TBD hrs i
duration duratiaon for
for crit- for erit-| critical
1cal 1cal Toadyg loads
Toads . Primary f. Primary
. Primary power power
power sys- gystem system
tem pro- provide provide
vide 172 172 of 1/2 of
of normai normal normal
output cutput output

FOLDOUT FRAME
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oliineL PAGE 1B
OF POOR QUALITY

Technology FORM 1 d%nned Platforms Un,ma‘nned Platfarms
Biscipline 1 -
+ H
g;g:ﬂ Early LEQ Advanced LEQ GED 1080 ! ?;gﬁf
Requirement L B
ho. . i " ad
** +¥%_Mission Enabling Reqmt SASMP " soc SASMP s0C S0 S‘E.:rsl\‘l; ]erg’m'l l:ite égg?’nced %iﬂdk&vw
i ' i
Propulsion System Homentum Momentum Magnetic i
Attytude Control System (ACS) exchange . o ron & togquers
RCS RCS a
i
]
. 1 ]
fleacticn Control System {RCS) B ﬁ;:;z::is o g:;;ﬁ::is
o Orbit i o Ortnt l
md 1ntenang ma1ntens ! )
o Baseliie ance
Hydrazine a 90 day !
0 80 day Teserve o
reserya 1
o Array of 0
30 1h o
thrust o
thrusters
on booms
0 Deurb{t o 90 day o Deorbit
Propulsion System 0 90 dey capability  reserve capability ) ©
: FeSErVE g Drbit o Reboost o Urbit '
o R3b005§5 makeun avery 15 wakeup ;
avery o Thrusi= days. o Thrust= h o
days 900 1h.min}. 300 Tbs i
a 1_¥ear o 90 day min. |
Tite reserya o 90 Day 1 .
(4850 13s) reserve
(4850 1bs) ; .
0
a
'
]
o
!
Yo
i

{ FOLDOUT FRAME
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* 1985

25 kw
PUR SUPPLY

Comman
with
propuision
system
7.4 1bs
per
thruster
8

thrusters
Hydrazine
Isp=223
Max on-
time=3250
sec,

Reboost
at reg-
uiar
intervals
40 1bs
per
thruster
4
thrusters
Hydrazine
Isp=235
Max on-
time=
5100 sec.
1200 1bs
of hydra.
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GUIDANCE & MAVIGATION TECHNODLOGY

ORIGINAL PAGE 15
. OF PODR QUALFTY
D180-27487-3

- S0C Based

E?;:gﬂlr?y FORM1 Manned Platforms Wnmanned Platforms
Reqmt Early LEO Advanced LED GED P
o Requirement ar—
. e wa_py Crabli :
1ssion Cnabling Regmt SASMP $0C SASMF 50C soc Eiﬂs‘{* g:g;medlate é;}vs?‘n:ed %Ev%‘:;od
!
NCR 160044  SOC 1/8%
1
7.6 Maintenance of Communication Tracking Provide CofOrbital Auton?maus Trackjng
Ephemeris Pata H
Acquisition and Tracking of Other Vehicles For
Docking or Traffic Control {Collisicn Avoidance) Formation flying
7.7 Docking and Berthing of 1 or More Spacecraft Shuttlg Docking Auto Rendgpvous and shutitle Docking | Auto
With Flatform Docking Refjuired For | Rendezvous
Unmanned Vehicles ' and Docking
) to Unmanned
{A1s0 69245 SASP Momentum Management/Orbit i Platform
Management and Berthing) i
Impact of Large Vehicle on Orbit Determination ,
1
7.8 Flight Control/Propulsion and Waneuvering of Fine Pointilng From
Piatform Experiments
- State Vector Determination and Update ,
- Fine Pointing Requirements !
B.0 Manned/Unmanned F1ight Support Operations Launch Opergtions From Platform Payipad Transfer| Operations :

FOLDOUT FRAME
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OF POOR QUALITY | D180.27487.3  OF POOR QUALNY
|
Bﬂgﬁiﬁ;ﬂ FORM 1  ATTITUDE CONTROL Manned Platforms : FUnmanned Platforms
Reqmt : Early LED Advanced LED GEQ
(hlgde Requirerment Ear| ;Intb mediate | Advanced 250 %
) * - Miesion =nabling Regmt SASMP soc SASMP 500 s0c S;rs; SA&I’ edia SA?Pn 250 h‘;od
- FN
Vo
Frovide folliowing control modes '
Velocity control
Orientation for Docking K mis X w/s Xm/s |F Reboost
Berthing X X A X X ! X X X
Buildup
R Science Support !
Selar Array Pointing X X X % b ! X X b4
Sattelite Servicing A X }
#odule control during buiidup PM M PH 5M "
HM HM {
Pointing Accuracy 5 degrees .39 to 20 .3 degrees
nominal without without
TED deg/sec pointing payload
. 3 deg system SENSOrs
. D05 deg/
sec for
docking
1.5 to 8%
Maneuver Rates ; min nomnalg
3.8 to 200/
5 min max in
sortie wmode
20 to 4507
' min nominal j
i 50 to 1139/
( mn in free
| Fiying mode
\
2o
Ea Fant
Control Stability Stable Stable 1 win ] 1 min
control control i
with Tow wWith Tow !J
frequency fraquency
structura structure
{>~.08Hz) (>~ 0a4z)
Stability Margins
)
\

Regquirements Survey for Artitude Control ’ l
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-
Technology
Discipling | FqRM1 ATTITUDE CONTROL Maznned Platforms | Unmanned Platforms
gggem Early LEQ Advanced LEO GED
o ﬁsclL:ireMment . Ear} thrmediat Advanced | 250k
. --Mission Enabling Regmt rly ntermediate vBn w
|
1
Control System Bandwidth !
Attitude Determination Support Suppert Precision
deternina- determinatipn attitude
tion of 50C of state determin- 1
state vectop yector ation thru
payioad
: SeNsors ,
Control Disturbances ,
Environmental {aerodynamic, gravity, gradient, etc) all i
i
Crew motion ¥ % % X !
Docking X 1 X i ,
Berthing % X X X ,
GConstruction X 4 '
Propeliant .
transfer !
Tethered
platform
Momentum Momentum . Homantum
desatura-~ desatyra- 1 desatura-
tion tion i tion
Provide adequate control torgues over a range of . ,
¢.g. locations and mass properties X X X X X S X Salar panet
i partially
stored
Life 10 years i
with main- j b years
tenance \ { with orbit
. maintenance
{
i
1
| : |
1 Axial closing vélocity .16~.5 ft/sec : ]
Lateral velocity Z ft/sec '
Anguiar velocity .6 deg/sec H
Lateral misalignment 0.75 ft i
Angular misalignment 5 deg roll -
5 dag pitch/yaw
|

,EOLDOUT FRAME.
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Unmanned Platforms

" 2 FOLDOUT FRAME

Technalogy
Discipline FORM 1 Manned Platforms .
Regmit ATTITUDE CONTROL Early LEQ Atvanced LEQ GEO 5
Egde Req‘uirement e ‘”I o "
. *# **_Misgion Enabling Reqmt arly dntermediate |  Advanced 258 kw
BASMP 50C SASMP S0C $S0C SAGR SAqP SASP Ewd Mod
PAYLOAD SUPPORT 1.5 sec
instrument
Precision Pointing pointing
sec
wikh mage
motion com-
pensation
Materiels Processing Acceleratio Accaleration| ! Accelerationg
< 10-4 g's <10-4 g's i 2410-4 g's
: sortie mode
I 4.7 x10-7g's
: free Tlying
AUTONOMOUS OPERATION 21 day 90 day :
stability stability !
during during I
buildup buildup
FID Fail FID \
operational Fail oper- :
a1l safe ational
fail safe
|
!
1
I
1
i
d
Requirements Survey for Attitude Control (Cont'd) :
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3.0 CANDIDATE BENEFITS/READINESS SURVEY (FORM 2)

This section presents the data sheets filled in by technical evaluators to define technology
advancement benefits anticipated, to enter the estimated technology advancement
criticality category {see table 3.0-1), to specify trades and options which are applicable to

each technology candidate, and to list the relevant technology readiness levels (see table
3-0"’2)-

These Form 2 sheets are provided for the following technology disciplines:
Thermal control
Structure, Mechanisms and Materials
Crew systems
Flight Operations
Ground Operations
Data Management
Communications and Tracking
Electrical Power
Propulsion
Guidance and Navigation
Attitude Control

The benefits anticipated are identified with respect to early or advanced manned

platforms and with respect to early, intermediate or advanced unmanned platforms.
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Table 3.0-1. Technology Criticality Category Code Definitions

CODE|  CALLOUT DEFINITION

A New Tach Required Requsires new tachnology to satisfy program objectives/mission
: pecuiirements, {Enabling)

B Tech Adv Required Racuires tschnology adwencament 1o satisly the program objectives/
mission requirements (Enabling)

c Tech Adv Desitable Tachnology advancement is highly desicable; however, off-theshelf
?dmoloqn:}my suffice, but with some performanca degradation.

D Off-the-Shelf Off-thetheif technology is satisfactory,

Table 3.0-2. Technology Readiness Level Code Definitrons

CALLOUT DEFINITION
Basic Principies Basic principles have been cbssrved and reported
Coneept Designed Conceptual desion has been
Concept Validsted Conceptual design has besn valicated or tested analvtically or sxperimentally,
Critheal Function Demomstrated Critical function or charactenitic has beent demonstrated,
Bresdbowrd Lab Tested Component or breadboard hae bewn tested in reievant environment.
Model Lab Tested Prototype/enginesnng model has been tested in relevant environment.
Spucs Tested Prototype/enginesning mode! has besn tested in spece,
On-the-Sheif Item is on-the-shelf and s qualified or ik qualifiable with minor modifications
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FORM 2 D180-27487-2
Teehnalol .
Discip“neg‘f' Thermal Central (T/C) Applicable to P
Mznaed Unmanned Technu]ogy f urrent
nefits Criticality Specific Tasks Options Technology
TFechnology Advancement Goal Benedit Platforms Piatforms Canegory P P | Readiness Technology Context
Early| Adv |Adv [Early|int |Ady ‘| Level
LEQ [LEC|GEOJLEQ [LED|LEQ )
o 10 Year Life T/C System o Reduced cost of § X X1 % XX X A o Select best concepts o Stable radiater coef:tm; 1 o Current coating degrade
maintenance o Materials development o Liguid loop { 7 & are subject to con-
o Minimize o Component development ¢ Heat pipes ! ? tamination
redundancy & o Radiators o Long life not demon-
mass of T/C o Transport loop strated
system o Fumps {o_Long 1ife & high
o Heat Exchangers ! transpori capacity
o Controls Pt major 15sues
o Fabricate prototype system |0 Hybrid pump-zssisted ! 2 o Pumps, matertals
o Conduct 1ife test cn ground heat pipe system b compatibitity, fluid
o Conduct zero "G" perfaormance|o Pumped two-phase contamipatian are
tests system issues

™~
(=]

Pumps. fluid phase
contrel & Tiguid

positioning are issugs
]

o Modular Growth Capability o Maintain ceniral] X ] X X * B a Develop concepts for: %
o Power 25 KW-»250 KW thermal bus & ¢ Adding paylead heat sinks |o Contact heat exchan- i 1 o Low thermal resistange,
o Moduie & Payload Addition control system o Adding radiator elesmenis gers between T/€ loop space assembly, light
o Eliminate re- or increasing area seqments {1.e betwee§ weight designs needeq
dundant T/C o Interfacing with additiona} core system & added
compongnts platform modules modutie) i i
o Reduce system o Fabricate hardware o Fluid disconnects| 4 o Large scale, leak-
mass & volume o Ground test i tignt disconnects .
o Space Assemdly demo & per- [ net demonstrated
formance tests o
oo
o Automatic T/C System Control o Simplify T/C X iboA % X X B o Select best concepts o Centralized ccntrd! 3 o System design per-
design & opera- ¢ Sensors formance & controll-
tion o Controls o Distributed central 3 ability not demon-
: o Computer i strated
o T/C Toop design o Flow bypass v& pufip 4 cAlgorithms & software
o Component fab & test capacity control not developed
0 System fab & test o Contrel of both bus 3
o Ground & interfacing
o Space transport Toogs |

Option Benefits Survey for Thermal Control
: |
1 . 75

[ FOLDOUT FRAME

9'2 FOLDOUT FRAME



ORIGINAL PAGE 18
OF POOR QUALITY

D180-27087-3

FORM 2
Eﬂ:ﬁff ¥ | THERMAL CONTROL Applicable to :
Manned Unmenned | Jechavlogy ; Current
Criticaiit Specific Task lons | Technolo
Techinalogy Advancement Godl Benefits Platiorms Platiorms Categuryv 3 kS Cptia i ﬂeadinessw Technology Context
Early) Adv FAdy |Eantyint [Adv Level
LED 1LEO|GED|LEQ [LEQ{LEQ i
o Constant Temperature Thermal Bus  |o Heat absorwtion | X | X | X | % | X 1 X B o Select best concept(s} b Variable conductancd 2 High Fiux pipes not
temperature o Design, fab & test companentg heat pipes demonstrated
independent of o Fabrmicate T/C system o Pumped two-phase 109p pd
location in o Test performance o Hybrid pump assiste 2 Ground test difficult
transgort loop o Ground heat pipe Joop Y
0 Simplified o Space Zero "G" performance
Control not demonstrated
0 System esasily |
reconfigured performance on ground
{payload can be and in space nat valii-
Tocated at any : dated
berth or cold i
plate) ,
o Downstream pay- )
loads not aff- !
ected by power i
fluctuations of !
upstream payloads "
o Life Life Cryogen Refrigeration o Long term sturagé % X1 X B o Improved reliability (i1fe) |o Vuillwmeir cycle 4 o Less than 1 year
of cryogens of existing refrig's 0 Reverse Brayten ' 1 life currently
o Reduce trans- o Improve coefficient of cycle !
portation cost perfprmance o Ax1al Tlow ) o Life & performance
of L0z & LHp o Develop advanced LHp COmprassor I J of full scale systems
o Reduce storage temperature refrigerator 0 Varizble disp]‘ac - not demonstrated
tank s1ze & ment compressor
mass o Rotary recipro-
cating compresso
o Stirling cycie ’ ‘ﬂ 4 o L1fe & Performance
Lot not demonstrated
by
i
. !
b
o
[
|
|
1
|
|
Option Benefits Survey for Thermal Control (Continued]
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FORM 2 D180-27487-3

Technolegy | STRUCTURES, MECHANISHS ; : !
Discipfine | Anj) WATERIALS Applicatle 1o . : f,
Manned Unmanned EFF.mO.rOgY ! urrent
Benefits Criticality Specific Task Opti Technology
Technology Advancement Goal et Fiatforms Piatforms Category o PR 1 | | Readiness Technalogy Context
Early} Adv |Adv JEarlylint Ady I Level
LED | LEQ|GEQ|LED JLEDO|LEQ .
STRU
RUCTURAL EFFICIENCY 0 Reduced ccngth 1 ¥l x Xip X 3 ,Develop efficient structural | o SAMSP 2
System Consid 5 0 Reduced weight configuration considering o S0C
@ System Considerations 0 Reduced complexsy system interactions o Other
0 Reduced risk i
©o Evolutionary Configuration o Reduced Risk X X1 X X| X C Assess Capability of config- | o Docking/Berth ng“ 2
0 Adaptadility uration to accommodate growth o Construction |
o Fail Safe Structures 0 Reduced risk Al oxl X i X ] Fatlure mode/risk assessment 8
o Increased 1ife J
o Packaging !0 Reduced cost % X1 % X1 % [ Assess Packaging efficiency 2
i0 Increased mass/ vs complexity & cost
. volume
STRUCTURAL PERFORMANCE i
o System Identification g Reduced control A% X B Assess measurement techniques] o Use system identi- 3-4 [o System ident. tech-
! system complex- and compare with increased fication technique’ niques reported 1n
ity control syst. complexity or i the literature.
o Reduced cost o Design robust contlf‘u
o Develop adaptive |
control i
¢ Dynamics Prediction Methods o Reduced risk X X)X X D Assess prediction techniques ! 2 0 Well estabiished
o 5impliftication | methodology exists
of control
algorithms !
0 Structural Damping o Disturbance X LSS X X B Assess various damping schemep o Active damping ! 3 o Many current studies
cantral & compare complexity, cost vs| o Passive damping AC0SS, VCOSS, PACOSS,
o Reduced weight control syst. cost & complex.| o Combination etc.
o Reduced cast
0 Reduced cantrel
sysiem complex-
ity
o Struciure/Control/Thermal 0 Reduced risk A X X X Xl X C Advanced Technolagy inter- 8 o Recent IAC work makes
Interaction o Increased 1ife action prediction methods this task easier
o Loads/Environments o Reduced risk X X[ X| Xp X X D Tmprove environment/loads 8
o Increased life prediction
:
i Qption Benefits Survey Tor Structures, Mechianisms and Materials i
FOLDCUT FRAME
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FORM 2 DI80-27487-3 OF POOR QUALITY
Technology | 5T . ‘
D 5& sggggrﬁsmmmmsm Applicable ta ;
Manned Unmanned | Jechnology Current
- Benefits Critical Specitic Task: Optil Technology
Technology Advancement Goal enet Platforms Platiorms Categoryy P asks plicns Reod oo Technology Context
Earty] Adv |Adv [Earty|int |Adv I [Llevel
LEQ |LED|GEO|L.EO |L.EQ{LEQ ‘
MECHANISM TMPROVEMENTS :
o Simplicity X1 LR 1% ¢ o Design mechanisms to 1nsure | o Springs | {some 8 2 Sclar arrays, append-
o Deplioyment Mechanisms a Reduced risk deployment 1n & controlled { o Cables some 4-5 ages, small antennas
o Lower Cost manner o Othey Actuators deployable truss
struc. large antennas
v Docking/Rerthing Machanisms o Reliability oA XX XA t Ges1gn veliable docking/ o Apollo/Soyuz 8 o Apella/Soyuz
¢ Reduced weight perthing mechanisms with o Qther
Tow docking loads
o Articulating/Rotary Joints o ReliaBil1ty A% X A1 K C Design rel1able articulating/ o Scale up current g o Current s/c appendage
0 Lower cost rotary joints including designs drives
utility routing 0 Hew designs !
o Electro-Mechanical Actuators o Reliability X L I X b X G Design reliable actuators 8 o Curvent s/c latching
8 Reduced risk for latching, rotary joints mechanisms
track switching )
0 Tracks & Mobility Systems o Ingreased life X )3 B Design efficient & reliable | 2 0 50C Studies
o Reliability mobility system .
H
,
MATERIALS ADVANCEMENTS i
o Composites (Organic, Hetal o Reduced weight i X A L1 X i Investigate benefiis of o Metals 3 o Aluminum, titanijum
Matrix) o Lower cost compnsite materiats ¢ Organic matrix matl 8 o Glass fibers., graphiie
o Low CTE o Metal matrix matls 3 fibers
o Composites Lifetime & Properties | o Reduced weight riX XiX LA 1 B Improve composites Tifetime
Prediction 0 Incr. reliabiiit and properties pred. method
¢ Paints & Coatings for Interiors o Crew comfort { X[ X b Develop functional & aesthe- f 8
o Incr. productivity tically pleasing habitat
interiors :
o Nefinition of Contamination o Reduced risk i) X L L B B Improve contamination source F o Boeing has a good
Sources prediciion methods ' techniques
o Qutgassing i
o Moistura Desorption !
1
t
t
i
i
|
Option Benefits Survey for Structiires, Mechanistms and Materlals {Continued) i
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Technal
Dix;g?;:gw CREM SYSTEMS - EVA . Applicable to

’ . Manned Unmanned
Benchits. Piatfarms Platforms

Early| Adv | Adv [Early|Int [Adv
LEQ | LED|GED|LEO [LEQ|LED

Current
Technology
Readiness
Level

Technology
Criticelity Specific Tasks Dptions
Category

Technology Context

Technology Advancement Goal

Integration of EMU and MMU
8 ps1 EVA suit
Standard EVA fools
Improved EVA equibment
o Comm in helmet
o Headsup display
o Non-venting
o Regenerable CO7
o Better hattery
0 Quick-disconnects
o Test & checkout automation
o Easy-to-clean undergarmet
o Easy-to-clean uring collection
dayices
o In-suit fecal cellection device
o Dextrous glove and/or dextrous
glove end effectors
o EMU helmet lights
o EMU Servicing

(== les )

Regenerable vs non-regenerable
heat sinks

MR MR EEmE o

= =)

===

Component vs System Jevel LRY

packaging i
Ground vs space based EMU
servicing

"o EVA safety . c | Eiﬁ Criw Size: Two vs. Greater E
an two

o Larger airlock

Option Benefits Survey for Crew Systems
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Early) Adv | Adv |Earlyiint | Adv
LEQ {LED|GEQ|LED |LED|LED

UALITY
o or FooR @ OF PODR QUALTTY
Technology ] -7
Discipline T CREW SYSTEMS - ECLSS Applicable 1o
. Manined Unmanned T T‘?Chnﬂ_iﬂgy \ . . ] ! ?ur;‘em
Technology Advancement Goal Benefits Platforms Platforms | g:{ic';z\rl‘:v Specific Tashs Options : Ree;d?r?:;gv | Tachnology Gontext
i Level

.Cabin Pressure Design Level X A X 14.7 vs Lower Pressure
.Upgrading ECLS system and b X X o Open loop systems
integration of ECLS with other o Open air loop with partial H
systems. or complete water recovery \
o Integration with EPS
o Integration with thermal .
o Integration with ACS,
propulsion
¢ Combinations of above
1
Subsystem Architecture 4 X X o Centralized !
o Distribuied !

Upgrade and improvements in.

o Trash management X X LS B

o Facility Hygiene X X X A

o lero-y clothes washer/dryer X X X A

o Zero-g dishwasher X X X A ’

a Zera-g oven X X X A !

o Zero-g freezer X X X A i

o Zere-g trash compacior % X S C i

o Zero-g shower ¥ [ R ] X B ¢t

o Zero-g toilet (=asier to use, s
X b4 % A .

larger capacity, easy 1n-5pace
tub exchange}

Option Benefits Survey for Crew Systems (Continued) i
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/ FOLDOUT FRAME

Technology
Discipline

CREW SYSTEMS - CREW
SELECTION & TRAINING

Technology Advancement Goal

Benefits

Applicable to

Manned
Platforms

Technalogy

H d T,
nmanne Criticality

Fiatforms

Early]
LED

Adv

Adv

LEQIGED

Category
Earlyjint |Adv
LEQ|{LEO|LED

Specific Tasks

Options

DI8D-27487.3

~7 FOLDOUT FRAM

Current
Technolagy
Readiness
Level

Technology Context

o Develop the capamTity to train
the large numbers of space station
crew members in a more efTicient
and cost-effective manner

X

X

%

Evaluate a1l current training
capability

o Multi-shift use

o Alternatives

Evaluate state-of-the-art
training technology
o Survey industry

Create guidelines for payload
training.

Space Station simylations and

training reguirements

o Develop pian for developin
requirements

o On-orbit training

Crew Selection Criteria
o Technical competence
o Adaptive spcial competence
o Methods of evaluation of
adaptive competence

Crew Training
o Technical training
o Social sensitivity trainin
o Communication Skills
o Group Performance
o $imilations of space stati
group dynamics

Learning Technologies

o Training techniques

o Individually tailored
training

i

4

fod}
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Technology | CREW SYSTEMS - TASK 7 ‘
Discipline § AND PROCEDURE_ARALYSIS Applicable 1o | —]
1

TEtho.]Dgy Current
Benefits Platiorms Platiorms Criticality Specific Tasks Options Technology Technolagy Context

Technology Advancernent Goal Cazegory Readiness
Early| Ady JAdv |Early|lnt jAdv Level

. ) LEO |LEO|GEOJLEO JLED|LED

Manned Unmanned

o Farmulate man-machine functian X XX noiX
allecation tree procedure

¢ Formulate quantified risk factors X1 XK AR LR C

o Collect, integrate and adopt data
on technology characteristics B X LI L I C ;

o Rezl-time adaptive allocation of
functions LD X A

o Develop of automated assist to
man ov develep way man can help
machine X1 X I A

o Impact of automation en training Xy X X C
and readiness
o Onboard simutation and training
exercises,
|

Hetabolic Damand Model

o Integrate crew size, crew makeup, X1 X X c |

location, work and activity data H
with metabolic cost model to

produce time-phased/location- i‘
specific metabolic costs, Op

consumption requirements . J

y

Worklcad Pradiction |
o Zerg-g time-and-motion study XX X Xl X B I
data, wethods, apd critera i

i

CAG Crew Simulation Modeis

o0 EMU-Suited: unrestrained/ Xt X Xy X X1 X c
restrained reach envelopes,
translation, with/without MMU,
full range of astronaut anthro-
prometrics.

o IVA: unrestrained/restrained
reach enveiopes, translation,
fuli-range of astronaut anthro-
prometrics,

Option Benefits Survey far Crew Systems (Continued)
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1
Eﬂ:ﬁk’fv CREM SYSTEMS - Applicable to ;
I 1
| ) Current
Manned Unmanned | Jeennelogy h ; Technolo
Benefits £ 5 Criticality Specific Ta4% Traaes Qptions echnology Technalogy Context
Technolagy Advancernent Goal Platforms Piatforms Category . Readiness
Early] Adv | Ady [Early|Int |[Adv s Level
LEQ |LEQ|GED|LED {|LEO|LED ;
o Develop ratiorale for dedicated b4 L B Workstations 0 Dedicated
vs multrfunction work spaces Functional Areas o Multipurpose |
Modules !
o Develop rationale for disposable
vs rechargeable articles £ XX B Clothing
Eating utensils
o Develop more enjoyable exercise b L B !
equipment and exercise continues |
i
|
!
I
!
!
|
I
:
[
i
:
i
|
P
| i
|
v
] T
Option Beneiits Survey for Crew Systermns (Continued)
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FORM 2 Of POOR @ OF POOR GUALITY
Teshnology | CREW SYSTEMS Applicable to i
Distipline - WORK_STATION Technology § Current
' Manaed Unmanned ch _
s Crticality Specitic Tezke tione | Technology P
Technelogy Advancement Goal Benetics Piatforms | Platlorms Category 4 Op tl Feadiness Technoingy Context
Early| Adv |Ady [Early[lnt |Adv | Level
LEQ |LEQ|GEDJLED |LEO|LED
o Crew station design and develop- |
ment technigues XX X L I
o watural language nterface X1 X A ]
o Priority and inhibit Togic X X C .
5 Data entry X LA i C '
o Data storage and retrieval K X B
o Restraint systems XX X c
o Optimized and consistent crew X X C
interfaces with info management |
system y
¢ Facitity hygiene X 1X X B .
o Bulk food systems . 11X It B .
¢ Voice-actuated control of cherry- | A1 K X C ]
picker ‘
5 Degree of automation
o Crew station design ! L I X D 0 Restrain or non-
restrained aperator?
o Dedicated or ulii-
functien workstationsp
- o Redundant or non-
redundant workstdtions?
0 Specialized or
standardized design?
o Aggregated or ’dtspershd
workstaticns?y
o 5ingle or nwiti-
operator vorkstationg?
0

TV or windowsifor
visual cues? , |

{
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Y

ORIGINAL
FORM 2 OF POOR QUALITY
Technology | CREW SYSTEM !
Discipling ZCREW SAFETY 1 Applicable to
i Benefi Manned Unmanned .Cred:'n?llto?y
Technology Advancement Goazl i eness | Platiorms Platforms C;le";zwy
i Eaciyl Adv JAdv [Earlylint |Adv
) L (EQ |LEO|GEQ|LED!LEQ|LED
Devejop crew rescue options ‘, L I X B
Develop satellite safing techniques, XX X C
b Davelop refueling safety techniques iX X B
A B

i

Develep radiatien exposure pro-
tection

i
1
!
!
i

Specific Tasks

D1BO-27487-3
ORIGHIAL PAGE
: sr-PooR-QUAL
‘] . Current
Optioas § ;:Z’I’:;;w Technology Context
Level

b MuTtiply redunfant
system !
o Escape module |
o Safe haven
1
H

FOLDOUT FRARE
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FDORAM 2
Techmol ;
o?;i;z:egy Applicable 1o i
Benefi Manned Unmanned E?ﬁ.m?;fgy Specifie T J %‘WLEMI
enefit - ical ecific Tasky Opil echnology
Technology Advancement Gaal : Plazforms Platforms cawgﬂry? P ptions | Readingss Technology Context
Early| Adv [Adyv |Earlyfint |Ady i Level
LEQ{LEG|GEO|LEQ ILEDO|LED
o Develop zero-g surgical and X Xl X A )
dental equipment and procedures -
)
¥ X3 X B i

o Develep autonomous wedical
diagnosis and treatment soft-

ware

FOLDOUT FRAME
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FDAM 2
Technology TREW 575 M -
Discipline | W155108 PLANNING ) Apphiceble 10
Benef Manned . Unmanned gf.c&“a?ll??v
enafits iLil
Technology Advancement Goal . Platiorrms Piatlarms Categoiy
Carly|Adv |Adv [Eariyiint [Adv
LEQ [LEO}GEQ|LEQ |LEQ ‘LEO
XX X A

o Develop autonomsus mission
planning capability far

o satellite servicing

o construction

o Flight support

o maintenance

for normal and contingency
aperations

|

FOLDOUT ERAME

Specific Tasks

Opuons

DIRQ-27487-3

OF PODR QUALITY

Current
Technology
Readiness
Level

Technology Context

L

Optron Banefits Survey for Crew Systems (Contintied]
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FORM 2

OF POOR QUALITY

Techriglogy
Discipline

FLIGHT OPERATIONS -
ROBOTICS/SUPERVISQRY CO

Technology Advancement Goal

Benefits

Platforims
o ratonms 8

Applicab’s 1o

DI80-27u87-3

CRIGINAL PAGE I3

OF POOR QUALITY

Manned

Early]Ade {Ady
LEQ JLEG|GEQ

Early
LED

Int
LEQ

Unmanned
Platforms

—— Category

Adv
LEDQ

Technokoyy
Criticality

Specific Tasks

Optiops

Current
Technology
Readiness
Level

Technology Context

o

Develop user-oriented language

Tor control of robots

Hachine control w/time-delay

Computer based models and graphicyg

display for

o teaching the machine

visual simulation

o multi-view points, zoom

updating relative to real world

nactive conkrol

Need of understanding/theory on

how numans integrate and inter-

pret sensory feedback Trom severa]

kinds of sensers

Level of supervision of machine

systems

o subsystem level ~

o training requirements

o determine vegquired human
characteristics

Variabie/adaptive control access

by gr. -

Variable/adaptive function al-

Tocation between humans and

machines or robots

Training

Orgamzaticnal structure of

multi-man crew

o optional management structura

6 auto planning & decision
mak1ng

o interactive display techniques

o fail safe or fauit tolerant
ops strategies

System performance and valid-

ation

o methadology

o criteria

o test bed validation

0 progressive validation

o flight test scenarios

a o

=)

(=]

=3
=}

=}

<

a

[==]

L=1

o=
e

ooy

e

. 4_,..5-_.} .
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. ( Technoloay | g 1auT [Eo'DEATIONS
cchro p . Applicable to
Discipline = MATNTERANCE . =

‘ D180_27487-3 ORIGIMAL PAGE 3
OF POOR QUALITY

FORM 2

Technology : - Current
Criticality Specific Tasks Options Techr_iology Technology Context
Category lIv?eadimess

eve

U S

Manned Unmanned
Benefits Platforms Platforms

Early| Adv [Adv |Early[int Ady
LEQ |LEQ|GED|LEQ JLEQ|LEC] |

Technolegy Advancement Goal

o Pevelop autonomous fault detection XX X 1K X ¢

and 1sofation system

o Davelop burlt-in test equipment
(BITE)

o Develop autonomous systems status
information system for all tevels
of system readiness from fuli-up, :
degraded and emergency modes B

o Develop standard connectors
(electrical, fluid, gas, data
bus, et¢.)

o Develop standard LRU's (switches,
displays, fans, motors,
connectors, etc.}

o Develop leak-proof gas, Tiguid,
and cryogenic subsystem LRY
changeout systems.

| |

Option Benefits Survey for Flight Operations
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FGRM 2
Technology | FLIGHT OPs - -
Diseipline MATNT ENANCE Apphcable 10
: Benet Manned Unmanned -Cref:thf':,‘ilfgv ’ , Current
C i h 1
Technoloay Advancement Goel enefis Platforms Platforms C?[E:QUIFY\! Specific Tasks Optianis Ezg';?;elzsw Technology Context
Early| Adv {Ady |Eariyiint |AGY l Levet
I.EC | LED[GEQ{LEQ [LECQ{LED ]
o Develop standard portable mainte- ALK il X J R I B !
nance diagnostic instruments t
I
o Develop standard maintenance il X Xk X% L
togls
X % X ?

o Develop standard machine noise
1solatien instrument

ORIGINAL PAGE i€
OF POOR QUALITY

Option Benefits Survey for Fifght Operatians (Continued)
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ORIGHAL PAGE 18
OF POOR QUALITY

FORM 2

D180-27487-3

CRIGINAL PAGE [
OF POOR QUALITY

Technoiogy 3 FLIGHT OPS
Discipline ~ TELEQPERATORS

Appheable 1o

o Develop Msplays
o Multifunction
o Tormats
o integration
o Task-related
o Gomputer graphics
o Smart displays
o Context-oriented
o unburdening, e.g. aural,
speech synthesis

1

operator controllied
event-driven J
reference frame
3D holography

[=JEar=]

Manned . - Unmaznned TE}:hnDJOQ‘f ; Current
A netits” ; ality - i - H Technolw
Technology Advancement'Goal Eenem§ Platiorms P'“JE"“‘ g?:el;oryy Specific Tazks Option: ! ! Readinesgy Technolegy Gontext
[Early| Ady [Adv [Early{tnt [Ady i fre
LED |LEQ|GEQ[LED |LEQ{LED g
o Develop Guidance and Control X X B Ground control vs »
Technology Space station contr¢ile
o Contral modes P
o Contrel referencing i
o Control Tanguages 1
o Cooperative control
o Guidance sensors )
o Time delay compensation 1
i b b )
’ Eerr?lﬁgfenmg fechmaves oMstri buted-cnorcématei
0 Scene-enhanced/scraen
enhanced
o 5iereoscopic
o Frames for control,
o Non-visual static/mobile
D geometric-type
b forces/torques
0 contact/tacile
i hazard detection/
warning
lo smart sensors !
o preprocessing/
compressing
o formatting !
o bandwidth ;
X X B ;

FOLDOUT FRAME
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crucial, PAGE 18
OF POOR QUALITY.

FORM 2

D180.27487-3

CRIGINAL, PAGE 13
OF FOOR quaLiTy

_TechnU|D§Y FLIGHT OPERATIONS

Applicable to

Dissipine | - TELEQPERATORS .
Manned Unmanned Ee.ih“?!fg"' Specitre T II ?ur;‘entr
Benelits wribicality peciiic Tasksz Cptions echnology
Technology Advancement Goal |_Platforms Platforms Category R | Readiness Technolagy Context
Early|Adv [Ady [Early[lnt EAdy Leve!
LEQ |LEQ|GEQ[LEQ {LEO|LEQ :
]
Develop Info Management Technology b - B i
o Task structure !
a Strategy/planning
p Protocoi f
o Cantingencies
g Plan modification
Develop Workload Anaiysis X1 X c i
Technology .
o Task anaiysis ‘ \
0 Assessment/measures '
0 Management/optimization j ,
o Develop teleoperator basing LEX B o Ground based f .
options 0 Space based
o Develop teleoperator end- Al X B 0 Dextrous manipulatoers
effector options o Grappie fixture
H
o Devalop telesperator manning Ay X B o Mannad :
options o Unmanned : {
o Develop teleoperator functions Xt X X ) Evaluate reboost options a TMS reboost
o Cn-board prepulsion
Evaluate de-orbit options a THS deorbit
0 On-board propulsidgn

FOLDOUT FRARE
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CRIZHAL FASE 18
OF PODR QUALITY

ORIGINAL PAGE 13

FORM 2 D180-27487-3 OF POCR QUALITY
Techrotogy | FLIGHT GPCRATION : '
Diciphne | | - FORMATION ELYING Applicabiz to :
Manned Elnmeanned Ze_cbngjfgy Snecihe T . gur;‘enoll
I ritice ity ecific Task ions echnology
Technology Advancement Goal Benefits Platforms Platforms cawg:.wy P asks Opticn f Readiness Technology Context
Earlyl Adv |Ady [Early|lnt [Adv : iLevel
LEQ |LEO |GEQILEQ {LEQILEQ
o Develop formation flying strategie XX B o Evaluate alternative conceptp o S5and SL in séme
{include cohsideration of orbit .
the following): o close formation
o differential nodal o wide coverage
regression constellation
o frequency of rendezvous o Earth/ss 1ibration
opporianities point orbiting
a ¥ for rendezvous o Circular orbits
o cellision avoidance o small alzitude
o navigation SC fly-hy
O comm 0 nan- orbits
0 guldance w/ periedic
o platform mission reqn'ts rendezvous |
o Ellptical orbits
o bDevelop orbit trm techniques XX X X | X B o Frequency of trim o periges rendezvoug
maneuvers o Apogee rendBzyous
o Compatibility of mansuvers o perigee and 1
w/ propulsion system apogee rendezvous
o Propulsion system

FOLDOUT FRAME

o Tine-of-s1ght
)

o On-board
o TMS

b
il

!
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CRIGINAL PAGE IE

DI180-27487-3

ORIGIVE], PAGE 19

FOfiM 2 OF POCR QUALITY
F POCR Q OF POOR QUALITY
Technology | FLIGHT GPERATIONS
Discipline | - FI[GHT gupm}g Appheableto o ]
Manned Unmanned | echnalogy urrent
Critscality Specific Task, ions * Technalogy co
Technology Advancement Gozl Benefits Platforms Platforms | Categary " ; Ot Readiness Technology Sontext
Early] Adv |Ady [Earlylint |[Adv l Level
EED | LEC{GEQLEOQ [LEO{LED :
o Develop OTY maintenance concept o Cost reduction X Y X B o Maintenance Tocation o Ground-based ! 8
0 Space-based 3
o Maintenance node when 0 No maintenance 8
space-hased o EVAondolly 3
o IVA in pressupized 3
hangar .
o Automated ! I 1
LAUNCH, DEPARTURE, APPROACH, | ;
RENDEZVOUS, AND CAPTURE i
t
o Develop operational concepts . X o4 b B o Allocation of functions o Space station,
applicable to all vehicles ! o Vehicle
{orbiter 0TV TMS, self- ] o Ground .
propelient satellites, etc.) 0 Combination of above
\ B o Allocation of control 0 Space station
authority during each 0 Vehcle ]
phase of mission o Ground N
o Combination of above
a Develop avoidance zones X% |x ] ’ .
monitoring and control systems '
(EMI, piume impingement, ! [
cnllision, ete. ; \
o Develop launch and capture } X | X % B o Alternative Taunching o Manipuiater
systems ' systems o RMS i 8
o Mobile chervypicke 3
; o Other (HPAY 3
) o Fly-away i 1
! o Catapult system 1
| o Tow-away ) 2
i o TMS .
‘i o other '
¥ ix X B o Alternative capture systemd o Manipulators|
o RMS 8
o Mehile CP 3
o Uther (HPA) 3
o Fly-1n hard dockiing 7
o Pier vl 1
o THS retrievag r 4
; ! i
U
Lt
T
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ORIGINAL PAGE 18
OF PQOR QUALITY D180-27487-3 ORIGINAL PRGE i3

FORM 2 OF POOR QUALITY

Technelogy | FLIGHT OPS ) ] :
Biscipline - 5.5, Buildup Ops Applicable to gl ‘ Current
Technology
- - Manned Urumanned vicali " i Techaology
- Benefits Plat] Plat Criticality Specific Tasks Cptions d Technology Context
Technology Advancement Goal - 21orms latforms Category - . Readiness
; Earlyl Adv |Adv |Early|int {Adv i Level
LEQ | LEC |GED|LECQ |[LEO|LEC |
T
o Develop space station module Xk [ X ¢ a Eva'luaEe alternative @ Elgi ! g
concepts o :
berthing system o PIDA 5(7)
o MMU 3
o Hard docking . 8
o Combinations ¢f the -
above Lo
o Develop space statton module XX X C o Evaluate alternative o Remotely cgntroﬂed
activation concept concepts o from orbiter

o from ground
On-board contr?ﬂed

=]
[ gl v

Qption Benefits Survey for Fhight Operations (Continued)
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ORGINAL

pAGE B

oF POOR QUALTY

FORM 2

FLIGHT OPERATIONS

Technology
Discipline

- SAT SERVICING
- CONSTRUCTION

- FLIGHT SUPPORT

Technology Advancement Goal

Benefits

Apphicahle to

DE80-27487-3

GRIGIRAL PAGE I8
OF POOR QUALITY

LEQ

Manned
Platforms

Technelagy

u 3 \
nraanned Criticality

Pistforms

Earlyl Adv
LEO

Adv

GEG|LED

Category
Adv
LEG

Early|int
LEO

Speeifie Tasks

Qptions l

Current
Technology
Readiness
Level

Technology Context

o

o Develop Fluids Resupply Systems

o Delivery
o Storage
0 Transfer
o Connectors
o Manifolds
o Gauging
Dump
Contamination Control
iegk detection
Leak repair
o Corresion cantrol
Develop Cryogemcs Resupply
Systems
o Delivery
a Storage
o Transfer
o Connectors
o Manifolds
o Gauging
o Dump
o Contamination control
o Leak detection
o leak repair
o Corrosion control

[l =R = I g

X

X

X

X X

m o WM D OO o9

0 T O -2 e OO T O

o Alternative delivery systems

[« =N = e e]

ET scavaging
Dedicated tanker mod
On-board storage |
Remote storage N
Dedicated refueling
station 3
In-hangar j

FOLDOUT FRAME
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omamuaL. PREE i
OF POOR QUALTTY
FORM 2
FLIGHT QPERATLONS

Technolegy | - SA1 SERVICIWG
Diseipline - CONSTRUCTLION
- SUPPURT

Tachnology Advancement Goal

genefits

CREW AIDS

G Develop a portable, general
purpose EVA workstation system

[=]

Develop a portable, general
purpose EVA foot restraint

[=]

Develop film and TV

=]

Deveiop improved EVA tether
systems H

=]

Develop improved edge and corner
protectors

L]

Develop a set of standard,
universally used EVA handtools

o Develop an mproved EVA tool
caddy

o Develop EVA handholds and hand-
ralls

o Davelop EVA s1ide wires and 1
clatheslines !

o Develop portable apd fixed-but

poinzable EVA lighting systems.

- EOLDOUT FRAME

D18D-27487-3

[

ezl

CRIGHNAL PAGE i3
OF POCR Quaigry

- Opion Benefres Survey for Flight Operatiens {Continued)

e __,__n-——-—-l_‘r—'_"_——- —
Apphicable 10 "'
Manned i.:‘nmanﬁed_H Technology ) ! Current
Platforms Pratiarms Criticzlity Specific Tasks Options Technology Technolog, Context
—ey Categury Readiness =
EaclyjAdv [Ady jEarlyjint | Adv Level
LEO [LED|GEDLED |LEQ]LED
lx o n xR f
X 1A X 1 X X bR
LS X 1% LRI
LY X1 X x| X
Y14 Ly X AL X
LS Aixo|R % :
i butx [l !
sl bxlx pedx ' l
i
X XX 1K t
Rix P xgs X F l
o
1
. by
1 P
|



ORIZINAL PACE 8
OF POOR QUALITY

D 80-27487 -3

GRAGRAL PAGE 1
0F PCOR QUALTFY

FORM 2
FLIGHT OPERATION o |
Technolo: TSATELLITE SERVICING, - -
Drsciplinegv COMSTRUCTION Applicetle 1o !
FLIGHT SUPFORY Technology Current
Manned tnmanned > - ! -
Criticelity Specific Task ions ! Technolo
Technology Advancement Goal Benefrns Platforms Flatforms Categry P s Optio ! Readinesgv Technology Context
Earlyl Adv [Adv [Early|int [Adv by Level
LEQ |LEDQ|GEQ|LECQ |LEC|LEQ |
& Developing halding and positioningl o Mission X X X B Payload specific vs multi- o Handling & pogwl1on1ng 2z
equipment anabling function equipwent aid (HPA) N
o Module exchange [
Mechanisms |
o Extract/insert table 2
o Pivot/rotate table 3
o Attach/remove! ; 2
grapple fixture.
o Grapple Assy standofd 2
: o Temporary attach 2
H deyice !
i o Dolly 2
\ o Elevator 2
I o Erector set fixiure 2
i o General purpose 2
! hajding fixture
| o RMS and effector &
o Open cherrypicker 6
0 Closed c¢abin 9h§rry- 2
W/ dextrous manip-
ulators .
¢ Dextrous manipulator 6
Pl
o Mission XX X B o Manipulator System
enahling o Fixed wvs. mobile

o Cherrypicker vs.
Dextrous Manipulator

o Jettison equipment

'.
f
|
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FORM 2
FLIGHT OPERATIGRS

oRiGRAL PROE 18
OF POOR QUALTEY

; DIBD.27487-3

1

ORGiNAL PRGE 1B
OF POOR QUALITY

FOLDOUT FRAME

|
Technology | - SAT SERVICING I ]
Disopline | - COMSTRUCTION Applicable i H
- FLIGHT SUPPORT Benefits parned amanr.ed E?ﬁ?;?:g?)' Specific Task ; i %urrhem
Technology Advancement Goal Plattorems Plaviorms | & equry pecilic Tasks Options g;d?:;:sw Technalogy Context
Earlyl Adv |Adv [Earlyjlnt |Adv [ - Level
|LEQ {LEGQ|GED|LED |[LEQ|LED 1
o Develop Alignment Inst. X X X Lo[% B '
1
o Develop Calibratien Equipment L I 1% L I B '
o Develop Fault Diagnesis Equip. X r]x A I ¢ B [
o Develop Function Test Equipment X X1 xR I X LA I B J .
o Develop Bonding Technmigues X Lo I TET c ’ !
o Develop Coating Application X 7 O B \ l
Techniques g 1
C
o Develop 5Sun Shield Syst. X 3 C {
o Develop Yhre Splicing Equip. X1 X X bR I C !
o Develop Tape Dspensing Equip. vl x|y C X ‘
|
i
I
i
I
I
;
i
!
b
P
Option Benefits Survey for Flight Operations {Continued} ]
9

2
cﬁl OLour FRAME



FORM 2

FLIGHT OPERATIONS

ORIGHWL FAGE 8
OF POOR QUALITY

i D130-27487.3

CRIGINAL PASE g
OF POOR QUALITY

FOLDOUT ERAME

TFechnology |~ SATELLTTE SERVICT G J
Discigline . §— CONSTRUCTION Applicable to :
— FCTERT—SUPPORT Technelogy [ Cursent
Manned Unmanned -
Benefits Criticaltty Specific Task Dpteons Technology
Technology Advancement Gaal encil Plarforms Piatforms Categury s P Readmess Technology Conlext
Early|Adv [Adv [Early|int |Adv Leve!
LEO [|LEC|GEQ{LEO |LEC|LED |
T
0 Develop gas resupply systems XX ¥ X X !
o Delivery L o Gas delivery nodes o Modules H
o Storage D o Bas storage nodes o Pumped transfer
o Transfer * ] o Gas volume gauging o Metal tanks |
o Connectors (7 o Gas transfer gauging o Composite mat’i] tanks
o Manifolds o Gas connectors (?)
o Gauging {generic type) (2} !
o Dum| c !
o Leak detection B o Gas leak detectors !
o Contamination cantrol ? o Gas contamination control
o Leak repair A o Gas Jine/gas storage
Teak repair system
o Corrosion control 7 0 Gas linefgas storage
corrasion contrel
1
*Keep generic Conneciors ‘
t
:
¥
! H
.
.
l
I
i
i
{
|
I\
i
—_—
Option Benefits Survey for Flight Gperations (Continued)
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aGE 12
oiGiNtAL B D180-27487-3 ORIGINAL PAGE 15

FORM 2 oF POOR QUALITY
FLIGHT DPERATIONS OF POOR QUALITY
Technalogy | - AT SERYICING icabl §
ipe E Applicable to :
Drscipline - COMSTRUCTION peli ;
- FLT SUPPORT Bensfits Manned Unmanned Efﬁ?c':?‘lg‘,g"' Sgecific Task 0 %:;;incflogv
e acific Tasks B 11ane
Technology Advancerment Goal et Platforms Pljalfurms Categary w q Beadiness Technology Context
Early) Adv jAdy [Earlyjint [Adv i Level
LEQ {LEC|GEQ|LEQ [LEQ|LED 1.
|

STORAGE SYSTEMS ‘

o Develop hangar systems fer X B 0 Pressurized vs unpressurized|o New design 3
storing and working on hangars o ET conversion 3
satelTites and upper stage
vahicles '

o Develop storage rack systems for ! XX X B o Multipurpose storage plat- |o New designs ' 3
space station equipment, : forms vs. dedicated pailets|. Spacelab pallets; 8
construction and servicing i i
components, and upper stage 1
space parts : {

| i
H
i

1

i |

1

1 V
!
i

* Option Benefits Suvey for Flight Operations {Continued)
101
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omgsl PRGE 1B
CRIGENSL PAGE 1S

OF POOR QUALITY
FORM 2 D180-27487-3 QF POOR QUALITY
FLIGHT OPERATION .
Technology | - CING L
Diszipline = gg;sﬁﬁgmn Apphicable to ;
- FLT SUPPORT Manned Unmanned | Technalosy el | e o
fits " riticality ecific Task: Opti echnolo §
Technology Advancement Goal Beneh Pladforms Platforms | Category peeTe T P ? | Readiness Technology Contex:
Early| Adv JAdv [Early|int {Adv O Level
LEQ [LEG|GEQ|LEOD [LEQ|LED {
Davelop grounding techniques LXK X 1% X C !
Develop optical surface cleaning
technigues X LSS ! B f
Develop Umbitical System x| | & B b
o gas/fluid/crye . —f=
o data
o power i E
Develop self-aligning & adjustment X 4K XiX X iX B | ‘
mechani sms i
pevelop design system % b B !
Develap propulsion system arming/ A1 X X% XX C

safing system

Develeop deployment collision X | & XX LK B
hazard protection system

Option Benefrts Survey for Flight Operations (Contiued)
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criGmaL PREE 18

3
oF B SOR QU[;_L‘T‘{ cricNal, PAGE 18

FoRrm 2 D180-27487_3 OF POOR QUALITY
Technolagy ) I i
Dirsciphne GROUND OPERATIONS Applicable to . f E
Marned Unmznned g”}"{‘"?}“w Soecit %urlr.lentl
. . Benefits- 5 riticelity zcific Task! i , echnology
Technology Advancement Goal Platforras Eiatfc[ms Category i ‘as o Options i Readiness Technelogy Context
Early| Adv [Adv |Early]lat |Adv ; i Leve!
) LEQ |LED |GEQ[LEQ [LEQILED ]
Ground Operations include the '
following functions:
0 Buildup
o Test and checkout
o Interface verification
o Integration
o Servicing
0 Troubleshooting
o Legistics support
o Quality control
0 Safety assurance
o Data analysis
o Problem reporting and tracking i
o Configuration management )
o Manufacturing
These functions will be studied in
the forthcoming NASA-KSC Space '
Statien Ground Operations Study. |
Technology identification is one
of the study’s subtasks, therefore, \
recommend that we delete these !
functions from inclusion in this .
study. 1
i
I
! H
{
i
|
) +
4
l |
Option Bengiies Survey for Ground Cherations
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oReciAL PA2E 1B - QRIGINAL PAGE 18

FORM 2 OF POOR QUALTY D180-274587-3 OF POOR OUALITY
" I - i—
Technology | paTa MANAGEMENT Applicable to ! [ :
Discipfine | _ snrmusRe DEVELAPMENT | T :
E echnclog s , Current
- ' N Benefits m::f?:er?-ns ;’Jlrjg?gglrl:]r:d Criticality Specific Tasks Dptions l | Technolegy Technolagy Context
Technology Advancement Goal - - = Category il Readiness
Early; &dv [Adv [Early{int |Adv ! ' Level
LEQ | LEO|GEQ{LED |LEO[LED J :

o Develep/evaluate high erder o Reduce S/W A o Ident1fy candidate HOLs o Use availahle AGLs 5 Mew technology on the
language (HOL). Consider current | development costs o Determne applicability o Usa computer supplier horizon tied together
HOLs, HOL under development, 0 Reduce 5/W of candidate HOLs assembler Tangdage wWith mcroprocessor
and desired capabiiities. matntenance Cosis o Perform comparison o Develop new HOL development as well as

lo Reduce schedules o Provide recommendation o Participate iniwopk- supportive S/W as dis-
for code imple- o Consider appltcability fo ing groups, etdl for cussed below, could
mentation real-time systems, coqmdnd new HOLs under reduce costs and 1mprovp

a Improve relia- language, training main- development ! the product by leaps
bility of genera- tainab1tity, testabllity, and bounds. Difficult
ted code structured programming, for non-S/W personnel

o Simplicity, ease simplicity, flexibility, to grasp sigmificance,
n training availlapility for mcro- Probably w111 happen

o Growth, sxpand- processors and distributed due to push by DoD for
ability architecture concepts, etc. ADA. Thus NASA has

o Includa ADA. chotce of ADA or
traditional methods.

o Develop/evaluate 5/W cade o A1l above benefitls B o Perform as above except ¥or| o Use manual methods 5 Would be significant
generation tools including except applicably $/W code generation tools for regutrements 1 not for DoD push
soime form of automatically to front and of instead of HOLs ) definition, desigh for ADA and supporting
generating code from design and 5/ development o Consider velationship of o Use current todls S/M. Traditional
requirements definition. these fools to HOL if any app11cab1é methods still evoiving

o Include support tools to ADR 5 Develop new tobls

o Ut1lize new toEJ'Is"/ '
techniques under
development

Option Benefits Survey for Data Maragement
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ORIGINAL PAGE &
FOAM 2 OF PCOR QUALITY,

Technology lum MANAGEMENT

Dusciphne = Snftware Qlavelooment

Technology Advancement Goal

Benelits

LEC

D180-27487-3

ORIGINAL PAGE IS
OF POOR QUALITY

Terhnology
Critjcabity
Category

Specific Tasks

I
.
i
i

Qptions -+

L

Technology Context

o Develop/evaluate S/W support o

tools ncluding File editors,

File/1ibrary/configuration controly,

documentaticon aids, flow and code
analyzers/chackars, simulation
{1nstruction and environment).

o Develop/evaluate 5/W development lo
management and technical tech- 0
niques 1ncluding management a

controis and reporting and modern
programming practices.

[=]

=}

Similar to above
for HOL.

Reduce costs
Reduce schedules
Controls for
visibility,
reporting, and
timely corrective
action
Structured
programming and
other "modern"
techniiques in-
cluding standardg
to foilow
Standardized and
integrated appro

o

(=]

=]

o

=]

[=]

FOLDOUT FRAME

Perform as above except for
5/W suppart tools instead of
HOLs

Consider relationship of
these tools to HOL

Include support tools fo ADA

Define document 53/W deyeiop-
ment methodology (process
to be followed)
Define/document "modern"
programming practices
Define/document controls,
reporting techniques

o Similar to abovel
manual, currait,
devalop new toois,
cognizant/utilize
current developrents

0 Leave to 1nd1£idua1
5/W contractors/
subcontractors

o Define common
approach for a1l
S/W development
regardliess of who
or whare developed

'

Would ke sigmificant if]
not for Dol push for
ADA and supporting S/4.
Traditional methods
st111 eveiving.

Technigues, mechanisms
methods, tools, etc
are basically in place
it management and
engineers would first,
lay down the plan,
and second, follow
the plan.

Qption Benefits Survey for Data Management (Continued)
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pAGE 18

D1BD-27487-3

ORIGINAL PAGE 13
OF FOOR QUALITY

Specific Tasks

Options

Current
Technolugy
Readiness
Levei

]

Technology Context

L
ORIGINAL ) T
OF FOOR QUA
FORM 2
DATA MAMAGEMENT . —_— — e
Techmology |- COMPUTER AARDWART & |
Discipline | DISTRIBUTED ARCHITECTURE Apphesblete
Benst - Manned Unmanned éfﬁ?{:ﬁ:gﬁw
[T t !
Technolpgy Advancement Goal Fnets Flatlorms - Piatforns Categury
Early[ Adv |Ady [Earlylint |Adv
LEC |LECIGEGILEC [LED{LED
o Develop/evaluate processors for a Lower costs of B 0
applicability of microprocessors development and
in & distributed architecture operation
for space applications. o Less weight, s}
volume, power
needs
o Reliability
o Redundancy o
o
Q
0
0
o Develop/evaluate types of data 0 Lower costs B o
busses applicable to distributed o Less weight
architecture in space environ- Lo Improved
ment 1ncluding Trber optics vs i performance 0
more traditional techniques. ' o Radiation
tolerance ]
o
[+

Identify candidate micro-
processors vs traditional
pracessars

Perform comparison of
applicable candidates or
select an example for
typical application
Describe technology of
processor

Discuss characteristics of
processor: speed, "word"
s1ze, registers, etc.
Applicability of processoer
to system designs: dis-
tributed vs centralized,
expandabiiity, vedundancy
Availabrtity of HOL and
other S/W support

Fault tolerance, BIT

Identify candidate data

bus types: fiber optics,
coax, twisted pair, ete.
Perform comparison of
characteristics

Identify potential “weak
Tinks" and study in greater
deta11. Inciude fiber optic
connectors Tor connect/
disceonnect to visiting S/C
fompare radiator tolerance
Describe techniques of

cexpandabi11ty/ growth

Traditional procgssors
Centralized proCessors
with direct data paths)
to subsystems
Centralized processorg
with somg distribution
of "smarts" ]
Subsystem proceﬁsors
have autonomous
capability with lsome
central control

o

0 Fiber gptics

o More traditiona
techniques of wax
and twisted pairs

Processors & distributed
architecture are 1nter-
related since you can'‘t
necessarily have
distributed architecture
without supportive
processors and includin
appiicable data bus

capability. Parts if
not most/all of tech-
nology 15 probably on
the horizon 1f not here
Much depends upon time
frame and the reguire-
ments demanded from the
DM system: speed, fault
talerance., Because af
the 1s5ue of distributef
vs cenfralized, this
would have to remain
a relatively high 1tem.

FO technoiogy 15 being
used for data bussing
in various applicationg.
Much of above for
processors 15 true
here alsg. Use and
perfaormance of fiber
optics in space needs
to be checked by the
writer. due to the
high interest shown

in 1ts potential use-
and whether i1t should
he used - dictates it
being a high item as
well as its applica~
bitity to distributed
architecture and poss-
1ble high data rates.
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CRIGINAL PASE 13

FORM 2 OF POOR -QUALITY

Di80-27487-3

ORIGHNAL PAGE i3
OF POOR QUALITY

Technology | gaTaA MANAGEMENT

Applicable to

]
!
}

Ouscipline | . "compiTER 4ARDUARE
Manned Unmanned | T#chnofogy . . %:;1511'2509?
R Benefits Platforms Plaforms Criticality Specific Tasks Options & Rendi Technology Context
Technelogy Advancement Goal Category eadiness
Early| Adv [Adv [Early|lnt [Ady Leval
LEQ |LED]GEQILED |LEQ|LED
Develop/evaluate memory devices o Reduce weight, C o Identify storage types o Tape storage dévices 5 Microprocessors

Q

for computer storage which may
involve large guantities of data
and fast store/retvieve of
selected segments of the data.

L]

0

<

volume, power
needs

Reduce costs
Prevent 1038 of
data

Improve flexi-
bility in data
storage & re-
trieval

o

o o

Compare performance

characteristics (e.g., word/

byte format & size, total
storage, store/retrieval
speedg

volatility
Expandability/growth

{cassettes, cartridges.

high density).
0 Processor memoyy
devices
o New technology
as bubbie ’
H

such

technology witn ztten-
dant large memories
may preclude nacessity
of large centralized
storage requirements.
Distmbuted architectur
with the microprocessar
contributes to the
above. Requirements for
data volume generation
& storage in an auta-
nomous environment
probably the driving
factor; fe, how much
data 15 required to

be saved or how soon
does the data age and
can be overwritten.
Not as critical as
other technology
factors.
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ORIGHIAL PAGE i3

FORM 2

OF PGOR QUALITY

D 80-27487-3

ORIGINGL PAGE &
OF POOR QUALITY

Technology | DATA MANAGEMENT
Discipline

- CONTROLS & DISPLAYS

Apphicable to

differaent crew members

readout | !

Manned nni TEF].‘M;DQV . . ’ Current
- - Benefits Platiorms gg??irmid Criticelity Specific Tasks Options Technology Technology Context
Technology Advancement Goal Category k Readiness-
: Early| Adv {Ady [Early[lnt |Adv Level
| EQ [LEQ{GEQ(|LEO |LEO|LED i
o Develop/evaluate multifunction o Reduce weight, C o Identify types of functions [o Dedicated dis;’!]ays 5 Technology advancing
controls and displays for volume, power to be performed o Dedicated keys/ in this area for air-
human space environment needs ‘o Layout various crew compart4 keyboards cgaft cockpits and
0 Reduce training ments of multi~function o Multi function dis- CYI systems 1ncluding
o Increase safety displays & keyboards vs plays such aSTERT's digital computation and
older environments for graphical/ displays. Applicable to
o Include high automation via | pictoral disp]ays as manned envirorment only
computer driven functions well as digitd? data
but with crew override o Multi-function keys/
capab tity keybnards farTr‘e-
configuration/back-
Tighting of functions
o Develop/evaluate voice o Peduce training o o Tdentify types of functions (o Keyboard entry 5 Technology in this area
communication techniques for o Increase responsg invelving veice common. o CAT or other display advancing such as
manned compartment as well as time of crew o Identify altiermatives io to crew ! volce boxes fer home
other areas such as platform or system action voice communication 0 Independent alsers personal computers.
waintenance via EVA o Ease in perform- o Perform comparison of sufficient po?tatﬂe Real need for the
ing maintenance voice communication computers forgcrew capability not defined.
or other functions functiens vs other tech- support whereyer he Also limited ta manned
away from manned nigues goes such as for environment.
compartment o Determine feasibility/ marntenance of
technology of voice other compartfents
communication for above o Terminal plug-1n
functions devices with CRT,
o Voice recognition of eye glass, et

FOLDOUT FRAME
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ORIGINAL PAGE 19 180-274573

FORM 2 OF POOR QUALITY

Technology | DATA MANAGEMENT Apphicable to '

Discipline | - CONTROLS & 0f s : Cusrent

Manned Unmanned | Lectinology o . . Tu{;m )
Benefuits Platiorms Platforms  § Crivcality Specilic Tasks Options Fyairiiy il Technology Context
Technology Advancement Goal Categury . eadiness
Earlyl Adv |Ady [Early]lnt [Adv 1 Level
LEQ |LEQ|GEGQ|LEO [LEQ|LED ]
: !

o Develap/evaluate applications of |o Reduce training ¢ o Ident1fy functions to be o Utilize TY cameras 5 Technology advancing
computer generated imagery for o Better training performed via CGI for visual aids,in in this area can be
utilizaticn 1n manned space o Simulation o Evalute CGI functions operational environ- used for training
PR —— capability vs traditional/operational went if direct ! {in test/development

methods o visual path not area) flight crews not
o Evaluate feasibility & availahle only for flight paths
impact of providing CGI o Utilize digital and but for other opera-
other displays,’ tional aspects where
cautions & warning direct visual path is
messages not possible. Limited
! to manned environment.
f Actua] need/requirement
. ] not known.
il
{
i
i
i
P
b
|
I
b
E !
]
]
i
!
L
Option Benefits Survey for Data Management (Cantinued) 1
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PAGE 19

[
ORIGINAL ORIGINAL PAGE
£ORM 2 OF POOR QUALITY D180-27487-3 OF POOR QUALITY
Technolon |COAURICATION & TRACKING Applicable to |
Manned Unmanried E?ﬁ?llcrﬁtogy Specific Task Doti $ ' g:;'lenrglogy
a }
Technology Advancement Goal Benefits Platforms Flatforms Categoryy o o ptions | l Readiness Technology Context
[Early; Adv 1Ady [Earlyjint {Adv I Levet
LEQ [LEO|GEQILEQ ILED|LEO I
o Develop a lightweight low cost .0 Reduced cost X X Tech. Ad¥.0 Determine multiple access jo TDMA 1. 4-3
voice/voice bandwidth communi- o Reduced weight desired technique o FDMA
cation system for intercomm, EVA, | o Improved relia- o Select digitizing methed 0 48 Kbps PCM i i 4-8
proximity and space/ground bility o 18 Kbps CVSD b
communications o Specirum con- 0 2.4 Kbp LPC
servation o Select synchranization 0 Synchronous \ 4-8
o Improved method o Asynchronaus | 3-4
persannel safety )
o Select hardware implementa- |o LST . 1-3
tion technigue a YLSI :
i
o Develop a space qualified traffic| o Mission X X1 X Tech adv. ! o Select frey band o X-band 8
contrel radar enablement required o KU band i 4-8
o Mission safety o MM wave { 2-3
0 Reduce risk 0 3elect antenna type o D1sh 4-8
o Phased array 3-5
o Develop architecture o Multimode i 4-5
o Digital processing 4-5
o Track while scan 4-5
o Beam shaping | 4-5
o Develop a high data rate o Mission % | X% Tech ady | o Develop a high speed data |o Emitter coupled Lig 1-4
communication 1ink capable of enablement required multiplexing concept o L3I i
handling up to 4 digitized color | o Reduced cost o ULSF :
TV channels along with other 0 Reduced risk o Select TV digitizing o PCM l | 3-8
high rate data technique o DPCH k 3-8
o Deita mod y 3-8
o Develap data compression/ o STow scan { 6-8
data reduction technigue .

FOLDOUT FRAME
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ORIGANAL PAGE 8 ORIGIMAL PAGE i3

FORM 2 oF POOR QUALITY D180-27487-3 OF POOR QUALITY
il
Techmology . i
Discintinn CDMMU_N[[IATION & TRACKING . Applicable to ! E
Technat : Current
Manned Unmanned . il i
Benefits Criticalit Specific Tasks Options Technology
Technoiogy Advencement Goal enetl Platforrms Platiorms Calegnryv Pt i Readiness Technology Context
[Early{ Adv [Adv [Early]int |Adv ; Level
LEO (LEQIGEDQ]LEQ [LEQILEQ i
o Develop reliable command 1inks 0 Safety ¥l % Tech ady |o Select techniques to o Forward error 1‘ !
that are jam & spoof resistant o Reduced risk desirad minimize message error torrection ,
o Improved 0 ARD i i
reliab1lity 0 Redundancy i
§
o Select technique for false jo Ervor detection |

g 1
Retransmission anf
yeriTication |

message rejection

<

o Select technigque for o Freq. hopping |
Jjamming protection o Direct seg. P/N
o Directive antenna
o Null steering
antennas i
o Select technique for spoofingo Encryption !
protection o Retransmission and

validation !
k i

Option Benefits Survey for Camm:}nicarion and Tracking (Continued)
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FORM 2 ofF POOR

QUAL\T\‘

DI30-270487-3

ORiGINAL PAGE 18
‘OF POOR QUALITY

Technoi
Dimm”:—‘;g\" COMMUNTICATION & TRACKING Apphcable to ‘1
Manned Unmanned geih“?JsgV Soecitic Task . .?:é;e“tl
riticali ecific Tasks on. nelogy
Techaology Advancement Goal Benefits Platfarms Platforms Cazeg-:)r\.'Y P Option. Readiness Technology Context
[Eariy| Adv |Adv [Early[int |Ady Leve)
LEQ |LEC|GEOR.EQ [LEOJLEO
o Develop Tow probability of o Reduce risk 4 S Tech adv | 0 Select Tow detectability o Frequency hopping 3-4
intercept data transmission link ] o Improved desirad technique o Direct sequence P/N 3-1
with A/S and message security reliab1lity spreading ‘
o Adaptive tramsmit 3-4
power level
o MM-waye CQo 2-3
absorption
o Select message security 0 Synchronhous key. 3-8
technique stream generator
a Asynchronous pgge 2-4
encrypter H
o Develop communication antenna o Mission X X1 X Tech idy | o Select frequency band o HF 4-8
subsystem that provides enablement desirad o HF 4-8
spherical coverage o VHF ‘ 4-9
o MNI-wave , 2-4
o URF .\ 4-8
o Select antenna type(s} o Conventiona) (type | 6-8
depends on freguenc_v
¢ Phased array |
o Conformal phased z-4
array !
1
o Select antenna switching o Hot switch i 2-4
technique o Cold switch 4.8
0 Mo switch b 2-4
!
o DRevelop terminal guidance p (perational X x| X Tech adv | o Select ranging technique o Laser ' 4-8
system for automatic docking safety desired 0 Radar L 4-8
a Reduged cost o Select azimuih/attitude o RF interferometer 4-8
determination technique o laser retrodirgctive| 2-4
array
o Select deceleration o Puised L 4-8
technique o Continuous mudl lated| 2-4
{
;
i
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Option Benefits Survey for Electrical Power

h

. 3
ORIGINAL pﬁﬁj:‘.:_v OF POOR QUALITY
OF POOR QU
FORM 2 D180-27487-3
Technology | e -rpreal BOMER Applicable t
Discipling - ppiicanie 1o
Manned Unmanned | Lechinology Current
Criticalit Specific Tasks 1ion Technelogy
Technelogy Advencement Goal Benefits Platfarms Plattorms Categuryy " ) Oe Readiness Technology Context
[Early}Adv |Ady fEarly]int jAdv Level
LED ; LEQ|GEQ[LEQ |LEG{LEQ
o Develop a high power/high voitage ;o Decrease power X ix X pX b X B a Design DC pawer transfer o Fabricate andjtest 3 Regquired to rransfer
power transfer rotary joint to system Joss deyice for rotary joint models the solar ar-ay power
transfer power with high ¢ Minimize EMI o Design AC power transfer o Determine scaling to the spacecraft. No
efficiency, low wear, and low o Minimize part- device for rotary joint factors ‘ power transfer device
noise iculate expulsio o Analyze performance for o Prepare anal_y@ca'l for spacecrevt has bee
powar transfer efficiency models for copputer made 1n this size and
noise, and contaminants programs rating
expelled. o Efficiency (loss)
o Conduct laboratory tests to influences solar array
verify analysis results. and battery rating
o Analyze interaction with o Particulates and EMI
plasma environment impact other systems
o Improve conversion efficiency 0 Decrease orbit XX XX X X B o Survey in depth the advanced |0 Fabricate samq?e 1-2-3 0 50lar array size
of =olar array by 28% decay due to solar ¢ells under developmeny sSolar array sactions determined by cell
drag o Test/evaluate sample ceils tg 0 evaluate design efficiency. Array
o Decreasa ortnt predict array performance parameters to! fore- sfze related to drag
makeup fuel characteristics cast array wejght, and array cost. Highe
quantity o Characterize cell parformance area, cost efficiency celis will
o0 Decrease array to develop call analytical reduce array area and
stowage volume models for computer programs stowage volume
o Lower array o Alt1tude maintenance
assembly & test i fuel will be reduced
cost due to
smaller area
o Develop efficient, long o Decrease weight | X Yol x X% X 3 o Determine charging charactery0 Fabricate/assemble 3 o Energy storage weight
Tife, Tow welght energy s1gmf1can_tly istics of Ni-Hz ceils Ni-Hz batteryito test 1s high, sigmificant
storage o Dacrease life o Evaluate performance and parameters at}battery reduction can be made
cycle costs B charging characteristics level 2 o Regenarable fuel cell
o Improve elec- A of CPV N3-Hz cells o Prepare anaiyiical systems show weight
trical power o Develop advanced recharge- models for computer 1 and Tost savings
system and space able TT1thium batteries programs : when 1ntegrated with
p]af.:form relia- o Develep a regenerahie fuel o Assembie and fest 2 other subsystems
b1Tity cell system (Hp-02; He-Brz; 1ithium cells o Flywheels can save
¢ Integrate the Hz-C12} 0 Setup and test Tab- overall system weight
fuel cell system A/B o Analyze Tlywhes] energy aratory deEW% of 1 when inzbegrated with
with other storage. Fabricate and a regenerahleicell attitude control
spacecraft sub- ‘test laberatory models to system o FlywiteeT performance
systems to re- . verify parameters o0 Set up and test fly- more predictable
duce weight and wheel integrafed than battery chemistrjy.
cost a wrth atttude
0 Reduce solar ) control flywhbel
array area
o Reduce drag

11
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oriGmAL PACE 1

ORIGINAL PAGE 13

FORM 2 OF POOR QuALITY D180-27487-3 4 pooR QUALITY
Deehoolo9¥ | ELECTRICAL POWER Applicable to .
Manned Unmanned Technology urrent
Crticatty Specific Tasks Opuon' Tef-'h'_"O’OQY
Technology Advancement Gaat Benefits Platforms Platforms Catogory Rendiness Techniology Context
[Early|Adv | Adv [Earlylint |Adv Level
LED {LEQ|GEQILED |LEQ|LEO
- ¥
o Develop high oower/high voitage o Improve power LS O I § rolx X B o Develop power cenditioning  joprepare analytical 4 o High power Tevel
sover cond1tioniag components system efficiency companents with high power/ [ models for comgutsr ¢lectrical systems
Reduce losses. nigh voltage ratings programs require suitabie powen
o Improve power o Fabricate engineering models |aWork with manufacturerd cond1tioning component
system reliabilit o Test/evaluate lab. models to develop high power/ not now available
o Provide 5/C o Develop test AC system and high voltage pa 0 Volitages must be
equipment now BC system components for increased to lower
unavailable for high power levels currents
high power loads o Study/analyze high voltage o Test componengs in o Plasma 1nteraction cay
and plasma interaction s1mulated plag) be Timiting. Mot well
Environment understood at present
o Electrical power systam auto- o Raise reliability] A} X 3 I S I b B Tms task will be carried ocut 2 ¢ Automation/autcnomy
me £1en/ autonomy of the electrical in NASA/MSFC contract provides vastly im-
power system Pawer Subsyster Automation proved and optimized
o Minimize opera- Study electrical power
tional (mamned) system
hours o Coordinate wi1th company i o Affects spacecraft
o Affect spacecrafy awarded contract f operation and design
safety and relia- ﬂ o Lowers 11fe cycle
b1Tity costs significantiy.
o Electrical power system cables n Reduce weight X | X X X1 X X C o Rgvmw apghcabﬂny of 4 o Wire and cable weight]
and cannectors of cabling for fiber optics for power in large spacecraft
high power system control and signals will be high,
electrical power o Review flat cable E}PP11cat‘° Advanced techniques
system to power transmission and componants can
reduce weight.
o Concentrator solar array o Reduce cost of | X} X | Xt X[ X % 8/C | o Test models of advanced 1-2-3 o Concentrators offer
solar array concentrator concepts hardening te space
o Reduce solar o Determine weight and envirgnment -
cell radiation area for the advanced resulting 1n lower
damage . array designs degradation, hence
o Permit operating o Predict perfarmance less array area.
spacecraft in This affects drag.
"d1fficult! 0 Fewer cells lowers
orbits {with array cost
severe radiation
- 4
“ -
}
Cption Benefits Survey for Electrical Power (Continued) :
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ORIGINAL PAGE 1§
OF POOR QUALITY

ORIGINAL
FORM 2 _ oF POOR DI80-27487-3
Technology | B : B
Bhascipbine
Technclogy gm{fm
Senefits Criticaity Specific Tasks Opuons echnolagy
Technology Advancement Goal Category - P Eead!mess Technology Context
EVE:
o Orbit makeup propulsion o Correct for orbif C o Develop propuision system o Hydrazine a
selaction attitude loss dug that will accomplish the o L0y ~ LRy 4 Sina11 motors not avail
to zero drag and goal and mnimize impact 0 Gasecus Op-Hp 4
solar wind. on resupply, safety, EC/LS |
o Facilitate orbit reliability, and thermal o Flectric propu 5
& incliniation and elecirical systems. 0 Resisteo-Jet 5 Consume excessive
changa Must not contaminate sensors power
o Accomplish de- and surfaces. Must provide
orbit growth potential study Teed
system dynamics
o Attitude control system o Acconplish C o Develop a system that wiil 0 Hydrazine 5
setection attitude control accomplish the goal with o LOg«LHa. 4 s
With no iinear the features 1isted above. | o Gaseous Dp-Hz 3 fequires waste gas
acceleration from EC/LS %ompres;10n
0 Resisto-det 3 Pz?szu;odgugﬁzstionable .
o Electric Propulsion 3 Low thrust may negate
0 De-orbit propulsion kit o Provide the n o Select a system that can be | o Seilid fuel g Advantages:
ability to de- delivered to the platform, o Liguid o Isolates the main
orbit the plat- attached, and fired remotely] o Storable 2] propulsion system
form to accomplish the de-orbit o Crvos 4 from this reguivement

function. Gontamination and
Tong-term reliability not
an issue.

{0V, g's, duration,
ete).

Independant of damage
failure, etc that may
necessitate the de-
orbit {self-contained
guidance, fuel, power|
etc.

Mot an on-board item
~ therefore, moni-
toring and periodic
check-out net req'd

L=

(=]
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ORIGINAL PAGE I3 D180-27487-3 ORIGINAL PAGE |8
FORM 2 OF PQOR QUALITY , OF POOR QUALITY

Becl'fn-]czlogy Agplicable to )
iscipline Current
Technalogy -
Benefits g:?;:r?ns gl:??;?r?:d g;uicaﬁtv Specific Tasks Optiom ;Z;E?r?elgsgv Technology Context
d t Goal At gy
Technology Advancement Goa Farly; Adv [Ady [Eariylint jAdv : Level
LEC |LEQ|GEOQ{LEQ |LED|LED -
; Transfer & o The ability ta XiX p X% | x| X B o Develop Tow-g propallant lAcquisition
ﬁgﬁggzge:‘?peﬂant provide LOz/LHz acquisttion & transfer o Full tank devices 4
for on-board use techniques ¥enting
or STS/OTY o Develop gas-only venting 0 Thermp-vent 7
refuelin techmiques Gaugin
4 o Develop techmigues far 0 Mass accounting 4
gauging amount of propellantlo Radiological | 3
in tanks in Tow-g environments RF 3
o Develop Tow heat leak o Acoustic 3
tank supports
o Propeliant leak protection [Leak Detectien
o Probe fiuids {
o Induced contamination
o Pressure in lezkage
barrier 1
;
|
. !
!
i
P
H T
Option Benefits Survey far Propulsion {Continuved) 116
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OREniAL PAGE 18

DI30-27487-3

ORIGINAL PAGE (B

EORM 2 : OF POOR GQUALITY
3 _OF pOOR QUALITY - e ,
Technology | GU1DAMCE & NAVIGRTION : " T - -
Disciplme | TECHAOLOGY TRADES Applicadle ta
g o 1 Tethnology Current
Wanned Unmanned At 5
. Benef Critieality Specific Task Dptior- Technology :
Techrology Advancement Gosl snelits t _ Flatforms Plattorms | Caiegory peetic yess ptio Resdingss Technofogy Conrext
‘Eariy| Adv { Ady jEarlyjint |Adv i Level
LEQ |LEO|GEOJLEGC JLED|LED i
Eaisting technology adequata . o Less risk X XX ‘D o Terminal phase rendezvous o Manual (requ1rés 3 Guidance & control
' and docking guidance and crew interface)
contral {
Guidance & control algorithms 0 Manned interface [ A X * LR B u o Auto (controlied by 3
required not req'd SOC camputers} |
Sensor Development o Lightens crew f
worklpad t
Guidance & control algorithms for jo Safety for SOC kg ¢ @ Traffice control system © Manual (SOC operater] 7 Guidance & control
multiple close proximty vehicles- and satellites 0 Auto (SOC Compyter 3
traffice management ) 5/W)
9 h;?mgggd N N E o Active transpofder 3 Nav & tracking
an target vehiﬁ'le
Traffic control radarspherical 0 Reg't for X X | X X P AL B o skin-track enly 3
coverage safety b X ix b | % B
Advanced sensor for detenitining o Reg'd Tor safe % X% B o Docking Sensor o Manual {visua];vs 3 Nav & tracking
relative attitudes and displace- docking M4 vs laser, étc)
ments - X X b | X 'B o Auto [sensor type
trade) laser, FMW,
X bl x| oo o Orbit determination of soc | Ku7band
Advanced IMU's and Tandmark o Increased 0 External-SP5, ground, 8 Inertial navigation
tracking \ autonomy Y| X {mangal) ()] etc. ]
’ auto decreases o Autonomous (mapual k4
crew workload b Xix jS | % B {3) vs automatic)
(autd)
Attitude control of Targe sp'ace Reg't X LR X X X C o Attitude environment o Gravity gradient 3 Navigation & control
structures o Inertial
0 Solar inertial
Relative navigation at large o Accurate X | X RE XX L o Relative navigation o &PS (on free-filyers) a Navigation
distances knowledge of (formation flying) . ¥s
relative states B o Direct comm,
Demonstrate space-hased launch Reg't Fa X x| % % C ¢ Launch operations ¢ Direct data-links 3 Guidance, nav, &
control system : o Indirect {thri centrgl
| x X ] x % [} ground) |
'
]
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ORIGINAL PAGE 13

OF POOR QUALTTY

D180-27437-3

ORIGINAL PAGE 1§

GF POOR QUALTTY

FORM 2
Technolo
Drsciplinegy ATTITUDE CONTROL Applicable to
. . Technoloy Current
Manned Unmanned nnoogy .
- Benefits Crticality Specific Tasks Options Technology T
Techrology Advancement Goal | Parfarms Patforms Category Readiness sehnolagy Context
Early| Adv JAdv [Earlyiint | Adv Eevel
LEQ [LEO{GED|LEQ JLEQ|LEQ
o Develep control system that 1s o Mission enabiing] X | X b4 X | X A o Evaluate system identificatidn + 2
robust with respect to changing o Safety sehemes
control/structural interaction o Costs thru o Evaluate self adapting 2
reduceq design me thods
analysis & o Trade system complexity
ground testing between two alternates
o Improved per-
formance
o Develop control techniques for o Mission enabling] X | X X XX B o Evaluate distributed control 2
precision instrument pointing o Evaluate disturbance 5
ispiation concepts
o Trade distributed, central,
and disturbance isolation
methods for precision
! strument pointing.
H
i .
o Develop methods for damping of " o Mission emabling. £ | X b 10X A o Trade active vs passive
structural vibration resulting . @ Reduced weight damping techniques 1
from disturbance ennronment ’ o Evaluate problems of
or transients such as docking ; collocation of sensors & h
ar berthing | actuators with changing i
i configuration
|
l!
Option Benefits Survey for Attitude Control !
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FORM 2

\ ge &
oRERAL PA
OF POOR QUALITY

Di30-274%7-3

ORIENAL PAGE 13

OF PGOR QUALITY

Eei:;}:ﬁ‘n"egyj ATTITUDE CONTROL

Technolagy Advancement Goal

Beneflis

Unmanned
Platiorms

Early|

LEQ LEQ

Specific Tasks

Options

Current
Technelogy
Readiness
Level

Technology Context

o Develop techniques reguired
to provide micro g environment

o

Develop guidance, navigaticn and
control system which determines
atti1tude and location auta-
nomous 1y

o

Develop attitude strategy to
minimze control prapellant
penalty within constraints of
meeting mission requirements

<

Develop momentum managemernt
methods to minimize momentum
storage size.

o

Develep control techniques
to control dacking/berthing
transients

[=]

Develop control technigues for
thruster aperation on flexible
structure

a

(o]

[=]

a

[=]

o

o

scientific
mission enabling
Minimum cost

Autonomous
aperation

Reduced weight
Reduce vesupply
costs

Mimmize weight

Minimize cost

Mission
enabling

Weight reduc-
tion
cost reduction

X

o<

Technology
Criticahty
Category
Adv
LEO
X B
* c
X c
X C
kS C
e B

<

L=

=]

(=]

Trade free flying laboratory
versus disturbance 1solation
versus restricted activities

Evaluate options and hardwar
for providing autoromous
attitude & spacial deter-
mination

Determine reg’ts on system
sofware to optimally
combine information frem
seyearl SEnsor sources.

Determine best orientation
strategy and configuration
impacts to minimize control
reguirenents

Trade alternate metheds of
momentum desaturation.

Trade alternate techniques
to control transients &
configuration changes
resulting from docking

Evaluate thruster transient
control & sensgr selection
and placement to conirol
flexible structure with
on/off thruster transients
Determine stifiness
requirements & sensor
requirements to minimize
structural excitation

Trade costs between
ground supported &
autonomous attitude
% navigation i

2-7

n/a

2-7
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oricial. BACE 13 CRIGINAL PAGE 40

OF PoOR i
Foamz OF POOR QUALITY D180-27487-3 QUALTTY
Technology . . _?
Dsscnplineg ATTITURE CORTROL Applicable to
Techniology Current
¥anned Unmanned !
Benefits Crinczlity Specific Tasks Opuons Technology
Technalogy Advancement Goal " Platfarms Platforms Category P Readiness Technalogy Context
[Early| Acv | Adv [Earlylint [Adv Level
LEQ |LEQ|GEQJLED [LEQ|LED
o Develop advanced control sensors |o Performance XX b4 X C o Trade autonomy & accuracy | 2,7,8
and actuators for platform mprovement advantages vs risk for
cantrol o Weight swings © advanced sensor systems
o Operations o Select control hardware
simptification to meet mission requirements

% evaluate against existing
technology. Determine from
this apalysis hardware

technology advancement ‘
requirements i
o Develop control sensors and b Mission enable X i A X b4 C. o Define optimum sensors for |
glgorithms for rendezvous and desired accuracy )
docking o Establish processing H

requirements

Determing technology/
hardware requiring further
development

o

Option Benefits Survey for Attitude Control {Continusd)
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4.0 CANDIDATE SPECIFIC BENEFITS VERSUS CRITERIA (FORM 3)

After the first screening of the technology trade candidates, the remaining topics were
considered with respect to the specific criteria list of form 3. In this consideration, the
evaluators in each remaining discipline applied their background and experience in
accessing the candidate against the criteria.

Form 3 sheets were filled out for the following technology disciplines.
Systems Technology
Thermal Control
Crew Systems
Flight Operations
Data Management
Communications and Tracking
Electrical Power
Propulsion and Fluids
Guidance and Control
Attitude Control

After these forms were completed, the evaluators were ready to meet in committee to

select the final trade study candidates.
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ORIGINAL PAGE I3
OF POOR QUALITY

TECHNOLOGY
DISCIPLINE SYSTEMS TECHNOLOGY X
TECHNOLOGY High Probability of Platform Not Coiliding with Another Body-
ADV.CNCEMENT with Sufficient Momentum to Cause Damage and Without Prior Warning
SPECIFIC Collision Protection and Avoidance
TRADE

CRITER.IA ESTIMATED BENEFIT

SYSTEM IMPACTS
SUBSYSTEM IMPACTS
PERFORMANCE IMPROVEMENTS
OPERATIONS IMPROVEMENTS
SAFETY IMPROVEMENTS
LIFETIME IMPROVEMENTS
MAINTAINABILITY, IMPROVEMENT
RELIABILITY IMPROVEMENTS
coST REDUCTION ’
'MASS REDUCTION
RISK REDUCTION
COMMONALITY AMONG PLATFORMS
TECHNOLOGY ADVANCEMENT.REQUIRED" —~——
SCHEDULE REDUCTION '
DESIGN SIMPLIFICATION
. SYNERGISM

LONG RANGE POTENTIAL

MISSION ENABLEMENT

SHUTTLE IMPACTS

PACKAGING IMPACTS

]

- Increased system complexity.

- Constrains design of data processing,
propulsion, guidance and s EC/LSS
and structures.

L. Provide necessary protection to crew and
facilities of the space station.

—Trade between probability of collision
including risk of Toss and the cost and
complexity of automatic protection system.

—Automatic system for sensing and pre-
dicting collisions well in advance of any
event so that alarms and evasive maneuvers
could be executed. Techmology assessment
of sensing required - magnitude of data
processing required - and maneuvering
capability reguired including structural
design to withstand maneuvers.
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D180-27437-3 ORIGINAL PAGE 1§

OF POOR QUALITY

TECHNOLOGY
DISCIPLINE SYSTEMS TECHNOLOGY )
TECHNOLOGY Operation of Essential Services on Platform Without
ADVANCEMENT Significant Attention of Crew
GOAL

Integration of Electrical Power, EC/LSS, and Thermal
§¥SS:?C Control Automation

CRITERIA

ESTIMATED BENEFIT-

® SYSTEM IMPACTS

& SUBSYSTEM IMPACTS —

e PERFORMANCE IMPROVEMENTS
e OPERATIONS IMPROVEMENTS f
e SAFETY IMPROVEMENTS

e LIFETIME IMPROVEMENTS

e MAINTAINABILITY IMPROVEMENT
e RELIABILITY IMPROVEMENTS

e COSTREDUCTION -

* MASS REDUCTION

® RISK REDUCTION

¢ . COMMONALITY AMONG PLATFORMS

e SCHEDULE REDUCTION
e DESIGN SIMPLIFICATION
e . SYNERGISM

e LONG RANGE POTENTIAL
e MISSION ENABLEMENT
o SHUTTLE IMPACTS

e PACKAGING IMPACTS

~—-Integration and design of central control-

-

Sensing and activation of the space station
power EC/LSS and thermal control functions.

Data processing, power, EC/LSS and thermal

, control subsystems are constrained.
-Performance of platform is improved and

operatijons simplified by the crew not
having to attend to housekeeping functions.
This allows crew to work more on mission
functions.

TECHNOLOGY ADVANCEMENT.REQUIRED —1With variations in services required from

power, EC/LSS and thermal automatic reg-
ulation and distribution functions would
require some advanced sensing and data
processing techniques.
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ORIGINAL PAGE IS
OF POOR QUALITY

hiinteald SYSTEMS TECHNOLOGY -
TECHNOLOGY Assembly and Integration of Add On Components to Space Platfbrms
ADVANCEMENT Without Modification of Existing Units.- -
GOAL . . -
SPECIFIC
TRADE
CRITEﬂ.lA ESTIMATED BENEFIT

SYSTEM IMPACTS
SUBSYSTEM IMPACTS
PERFORMANCE IMPROVEMENTS

OPERATIONS IMPROVEMENTS
SAFETY IMPROVEMENTS

- LIFETIME IMPROVEMENTS

MAINTAINABILITY IMPROVEMENT
RELIABILITY :maovsmenrs

COST REDUCTION - -

'MASS REDUCTION )

RISK REDUCTION

COMMONALITY AMONG PLATFORMS

TECHNOLOGY ADVANCEMENT REQUIRED

SCHEDULE REDUCTION
DESIGN SIMPLIFICATION
- SYNERGISM

LONG RANGE POTENTIAL
MJSSION ENABLEMENT
SHUTTLE IMPACTS
PACKAGING IMPACTS

.—Facilitates orderly system growth.
——3-Constrains design of structures, power,

thermal, fluids, EC/LSS and attitude
control subsystems.

—1-0Operations for assembling add on

components to existing platforms would be
standardized and simplified 1T common
interfaces were used.

~——1—Cost trade between designing for growth

from start versus tailoring each add on
item to existing configurations or chang-
ing existing units for the add on.

—t—Commonal ity from platform to platform

would Be a by-product of designing

' ' | interface commonality for growth.

—The advancement is more in the area of
more detailed systems management than

in developing new science technoloyy.
Determining what interface configurations
are best and making sure that the
universal designs do not excessively
constrain the subsystems.
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ORIGINAL PAGE I8
OF POOR QUALITY

D180-27487-3

TECHNOLOGY
DISCIPLINE SYSTEMS TECHNOLOGY o
TECHNOLOGY Cost Effective Production of Space PIatﬁnm1Comhonents That Can
ADVANCEMENT be Easily Assembled.
GOAL
Manufacturing Technology, Assembly, Checkout, Test, and

SPECIFIC Interface Verification Technology.
TRADE

CRITERIA ESTIMATED BENEFIT -

SYSTEM IMPACTS
SUBSYSTEM IMPACTS
PERFORMANCE IMPROVEMENTS
OPERATIONS IMPROVEMENTS
SAFETY IMPROVEMENTS

LIFETIME IMPROVEMENTS
MAINTAINABILITY IMPROVEMENT
RELIABILITY IMPROVEMENTS

COST REDUCTION '

'MASS REDUCTION

RISK REDUCTION

COMMONALITY AMONG PLATFORMS

TECHNOLOGY ADVANCEMENT REQUIRED"

SCHEDULE REDUCTION
DESIGN SIMPLIFICATION
SYNERGISM

LONG RANGE POTENTIAL
MISSION ENABLEMENT
SHUTTLE IMPACTS

PACKAGING IMPACTS

Could impact design of structures, fluids,
elect. power, attitude control, EC/LSS,
communicators, propulsion, data mgt., and
thermal subsystem.

This technology would be intended to reduce
cost and to improve the reliability and
performance of the manufactured

components of the space piatform.

Most of this technology is in place - some
enhancement might Be possible.
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ORIGINAL PAGE (S
OF POOR QUALITY

TECHNOLOGY TH TROL .
DISCIPLINE ERMAL CON )
TECHNOLOGY .
ADVANCEMENT Automatic T/C System Control
GOAL e . - -
SPECIFIC Centralized vs Distributed Control
TRADE
CRITER.IA ESTIMATED BENEFIT

® SYSTEM IMPACTS

e SUBSYSTEM IMPACTS

e PERFORMANCE IMPROVEMENTS
e OPERATIONS IMPROVEMENTS

® SAFETY IMPROVEMENTS

® LIFETIME IMPROVEMENTS

o MAINTAINABILITY IMPROVEMENT
e RELIABILITY IMPROVEMENTS

o COSTREDUCTION - - -

® MASS REDUCTION ’

® RISK REDUCTION

@ . COMMONALITY AMONG PLATFORMS

& TECHNOLOGY ADVANCEMENT REQUIRED’

e SCHEDULE REDUCTION
e DESIGN SIMPLIFICATION
® . SYNERGISM

® LONG RANGE POTENTIAL
e MISSION ENABLEMENT
¢ SHUTTLE IMPACTS

e PACKAGING IMPACTS

Minimum impact of thermal interaction
between platform modules.

Accurate temperature control +/-3 F.

System status monitor oniy, minimal crew
support,

50% reduction in payload thermal design
effort.

Necessary to perform multiple simultaneous
operations.
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D180-27487-3 OF POOR QUALITY

TECHNGLOGY
DISCIPLINE THERMAL CONTROL -
TECHNOLOGY en s i
ADVANCEMENT Modular Growth Capability
GDAL
SPECIFIC Contact Heat Exchangers vs Fluia Disconnects
TRADE
CRITERIA ESTIMATED BENEFIT

SYSTEM IMPACTS
SUBSYSTEM IMPACTS
PERFORMANCE IMPROVEMENTS
OPERATIONS IMPROVEMENTS
SAFETY IMPROVEMENTS
LIFETIME IMPROVEMENTS
MAINTAINABILITY IMPROVEMENT
RELIABILITY IMPROVEMENTS
COST REDUCTION

'MASS REDUCTION

RISK REDUCTION

. COMMONALITY AMONG PLATFORMS

TECHNOLOGY ADVANCEMENT REQUIRED"

SCHEDULE REDUCTION
DESIGN SIMPLIFICATION
SYNERGISM

LONG RANGE POTENTIAL
MISSION ENABLEMENT
SHUTTLE IMPACTS
PACKAGING IMPACTS

Add-on modules serviced by centralized
T/C system.

10-20% wass reduction.

Standard thermal interfaces.

Standard thermal interfaces between
modules.

Advanced platform built up out of standard
modules.

No need for deployment radiators on each
module.
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TECHNOLOGY

DISCIPLINE THERMAL CONTROL

TECHNOLOGY : T
ADVANCEMENT Ten Year _L't fe T/C System

GDAL

SPECIFIC Mechanically Pumped Transport Loop vs Heat Pipe or Pump
TRADE Assisted Heat Pipe Loop

CRITERIA

ESTIMATED BENEFIT

SYSTEM IMPACTS
SUBSYSTEM IMPACTS
PERFORMANCE IMPROVEMENTS
OPERATIONS IMPROVEMENTS
SAFETY IMPROVEMENTS

LIFETIME IMPROVEMENTS
MAINTAINABILITY IMPROVEMENT
RELIABILITY IMPROVEMENTS
COST REDUCTION -+

'MASS REDUCTION

RISK REDUCTION

COMMONALITY AMONG PLATFORMS

TECHNOLOGY ADVANCEMENT REQUIRED’

SCHEDULE REDUGTION
DESIGN SIMPLIFICATION
. SYNERGISM

LLONG RANGE POTENTIAL
MISSION ENABLEMENT
SHUTTLE IMPACTS
PACKAGING IMPACTS

-Stable, predictable performance.

Reduced repair and refurb. time.

Reduced logistics cost of materials and
Tahor.
Reduced spares.

Potential of fewer trips.
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ORIGINAL PAGE ¢

OF POOR QUALITY

g

TECHNOLOGY

DISCIPLINE THERMAL CONTROL

TECHNOLOGY
ADVANCEMENT
GOAL

Ten Year Life T/C System

SPECIFIC
TRADE

Maintenance/Repairable System vs Redundant System

CRITERIA

ESTIMATED BENEFIT

-

SYSTEM IMPACTS

SUBSYSTEM IMPACTS
PERFORMANCE IMPROVEMENTS
OPERATIONS IMPROVEMENTS
SAFETY IMPROVEMENTS
LIFETIME IMPROVEMENTS
MAINTAINABILITY IMPROVEMENT
RELIABILITY IMPROVEMENTS
COST REDUCTION
.MASS REDUCTION

RISK REDUCTION

COMMONALITY AMONG PLATFORMS

TECHNOLOGY ADVANCEMENT REQUIRED"

SCHEDULE REDUCTION
DESIGN SIMPLIFICATION

- SYNERGISM

LONG RANGE POTENTIAL
MISSION ENABLEMENT
SHUTTLE IMPACTS

PACKAGING IMPACTS
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SUBSYSTEM IMPACTS
PERFORMANCE IMPROVEMENTS
OPERATIONS IMPROVEMENTS
SAFETY IMPROVEMENTS
LIFETIME IMPROVEMENTS
MAINTAINABILITY IMPROVEMENT
RELIABIUITY IMPROVEMENTS
COST REDUGTION

MASS REDUCTION

RISK REDUCTION

. COMMONALITY AMONG PLATFORMS

TECHNOLOGY ADVANCEMENT REQUIRED
SCHEDULE REDUCTION
DESIGN SIMPLIFICATION

-SYNERGISM

LONG RANGE POTENTIAL
MISSION ENABLEMENT
SHUTTLE IMPACTS
PACKAGING IMPACTS

TECHNOLOGY
DISCIPLINE THERMAL CONTROL ]
NOLOGY :
Ao ANCEMENT Ten Year Life T/C System
GOAL _ e s
Long Life Coatings vs Cleanable/Repairable Coati ngs
SPECIFIC
TRADE
CRITERIA ESTIMATED BENEFIT
SYSTEM IMPACTS
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TECHNOLOGY THERMAL CONTROL
DISCIPLINE )
TECHNOLOGY Consta A '
ADVANCEMENT onstant Temperature T/C System Flexibility and Growth
GOAL
SPECIFIC Constant Temperature Thermal Bus vs Variable Temperature Bus
TRADE
CRITERIA ESTIMATED BENEFIT

e SYSTEM IMPACTS
e SUBSYSTEM IMPACTS

e PERFORMANCE IMPROVEMENTS

e OPERATIONS IMPROVEMENTS

® SAFETY IMPROVEMENTS

e LIFETIME IMPROVEMENTS

o MAINTAINABILITY IMPROVEMENT

e RELIABILITY IMPROVEMENTS

e COST REDUCTION

® MASS REDUCTION

¢ RISK REDUCTION

o . COMMONALITY AMONG PLATFORMS

® TECHNOLOGY ADVANCEMENT REQUIRED
® SCHEDULE REDUCTION

® DESIGN SIMPLIFICATION

© . SYNERGISM

e LONG RANGE POTENTIAL

e MISSION ENABLEMENT

e SHUTTLE IMPACTS

e PACKAGING IMPACTS

Improved flexibility in configuration
larger radiator - minimum contamination
standard interfaces, Tess power.

Close control of temperatures over 5%
to 100% of rated Toad.

Potentially 10-20% Tighter

Higher tech risk than variable temp.

Greater commonality,
High capacity pump assisted heat pipe

Requires more development time.

Standard T/C system - payload interface
payloads located anywhere in loop.

Exact temperature control over wide range

of duty cycles.
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TECHNOLOGY
DISCIPLING CREW SYSTEMS - ECLSS )
TECHNOLOGY Develop Capabilities to Enable Integration of Ef:LSS Working
QDOXCNCEMENT Fluids and Gasses With Other Subsystems - ”
Integration With Power, Thermal, ACS, and Propulsion Subsystems
SPECIFIC
TRADE
CRITERIA ESTIMATED BENEFIT
® SYSTEM IMPACTS Fewer number of gasses, fluids, cryo's

® RISK REDUCTION

.

- SYNERGISM

SUBSYSTEM IMPACTS
PERFORMANCE IMPROVEMENTS
OPERATIONS IMPROVEMENTS
SAFETY IMPROVEMENTS
LIFETIME IMPROVEMENTS
MAINTAINABILITY IMPROVEMENT
RELIABILITY IMPROVEMENTS
COST REDUCTION

MASS REDUCTION

COMMONALITY AMONG PLATFORMS
TECHNOLOGY ADVANCEMENT.REQUIRED
SCHEDULE REDUCTION

DESIGN SIMPLIFICATION

LONG RANGE POTENTIAL
MISSION ENABLEMENT
SHUTTLE IMPACTS

PACKAGING IMPACTS

to build into system

May be degradations in some subsystems in
l1ieu of substantial improvements in
others

Significant storage mass reduction

Potentially applicable to unmanned
platforms

Yes -
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ORIGINAL PAGE I3
OF POOR QUALITY

TECHNOLOGY | CREW SYSTEMS - MISSION PLANNING
TECHNOLOGY Develop Capabilities for Autonomous Mission P1aﬁning for Normal
ADVANCEMENT and Contingency Operations (SAT Servicing, Construction, FLT
GOAL “Suppart, Maintenance, Science. otc)
SPECIFIC
TRADE
CRITERIA ESTIMATED BENEFIT
SYSTEM IMPACTS

SUBSYSTEM IMPACTS
PERFORMANCE IMPROVEMENTS
OPERATIONS IMPROVEMENTS

SAFETY IMPROVEMENTS

LIFETIME IMPROVEMENTS
MAINTAINABILITY IMPROVEMENT
RELIABILITY IMPROVEMENTS

COST REDUCTION
'MASS REDUCTION

RISK REDUCTION

COMMONALITY AMONG PLATFORMS
TECHNOLOGY ADVANCEMENT REQUIRED
SCHEDULE REDUCTION

DESIGN SIMPLIFICATION
. SYNERGISM

LONG RANGE POTENTIAL

MISSION ENABLEMENT

SHUTTLE IMPACTS
PACKAGING IMPACTS

Psycological Advantage of letting crew set
own schedul es
A1Tows real-time adaption

Will reduce costs associated with on-ground
mission support

Req'd capability to make S.S. autonomous
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TECHNOLOGY .
DISCIPLINE CREW SYSTEMS - EVA -
TECHNOLOGY .
ADVANCEMENT Develop Improved EMU
GOAL_ )

8 PSI EMUY
SPECIFIC Non-Venting Radiator
TRADE C0> Removal Regeneration

Other Improvements

CRITERIA ESTIMATED BENEFIT

SYSTEM IMPACTS

® SUBSYSTEM IMPACTS
PERFORMANCE IMPROVEMENTS
OPERATIONS IMPROVEMENTS No prebreath, faster reconditioning
SAFETY IMPROVEMENTS
LIFETIME IMPROVEMENTS
MAINTAINABILITY IMPROVEMENT

-

Easier to don, use, doff, and recondition

RELIABILITY IMPROQVEMENTS
COST REDUCTION Resupply cost reduced -

® MASSREDUCTION Water and LIOH Cartridge logistics and
RISK REDUCTION storage burden removed

& COMMONALITY AMONG PLATFORMS
® TECHNOLOGY ADVANCEMENT REQUIRED

SCHEDULE REDUCTION

DESIGN SIMPLIFICATION

® . SYNERGISM

¢ LONG RANGE POTENTIAL

® MISSION ENABLEMENT Improvements req'd to make EVA routine
and efficient

® SHUTTLE IMPACTS

»

PACKAGING IMPACTS
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TECHNOLOGY
DISCIPLINE FLIGHT OPERATIONS - GENERAL PURPOSE SPPPORT EQUIPMENT
TECHNOLOGY Develop improved performance manipulator system for the
ADVANCEMENT space station
GOAL
Fixed vs mobile

SPECIFIC Cherrypicker vs. Dextrous Manipulator vs. RMS end-effective
TRADE IVA vs EVA Operated

CRITERIA ESTIMATED BENEFIT

&  SYSTEM IMPACTS
e SUBSYSTEM IMPACTS

® PERFORMANCE IMPROVEMENTS"

® OPERATIONS IMPROVEMENTS*

® SAFETY IMPROVEMENTS

& LIFETIME IMPROVEMENTS

& MAINTAINABILITY IMPROVEMENT

e RELIABILITY IMPROVEMENTS

e COST REDUCTION

® MASS REDUCTION

® RISK REDUCTION

& | COMMONALITY AMONG PLATFORMS

® TECHNOLOGY ADVANCEMENT.REQUIRED

& SCHEDULE REDUCTION

& DESIGN SIMPLIFICATION
® . SYNERGISM

® LONG RANGE POTENTIAL
& MISSION ENABLEMENT

& SHUTTLE IMPACTS

& PACKAGING IMPACTS

>>>100% improvement gver RMS (strength,
speed, dexterity, etc.)

Must be much more productive in order to

service all mission needs

Must be man-rated

10 year 1ife w/maintenance
Must be space-maintainable

Requires >95% availability

Must have in order to perform missions

*Must be capable of Taunching and retrieving vehicles/satellites as well as

moving articles around the S.S,
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TECHNOLOGY FLIGHT OPERATIONS - SATELLITE SERVICING CONSTRUCTION,
FLIGHT SUPPORT, MAINTENANCE

DISCIPLINE

TECHNOLOGY Develop Capabiiity for In-space Gas, Liquid, and Cryogenic
ADVANCEMENT resupply and Leak-proof Changeout of Subsystems LRU's.

GOAL N
Delivery Modes Leak Repair
SPECIFIC Storage Modes Leak=Proof LRU Changecut
TRADE Transfer Modes Guaging
Leak Detection
CRITERIA ESTIMATED BENEFIT

e SYSTEM IMPACTS

e SUBSYSTEM IMPACTS

© PERFORMANCE IMPROVEMENTS

e COPERATIONS IMPROVEMENTS

e SAFETY IMPROVEMENTS

e LIFETIME IMPROVEMENTS

& MAINTAINABILITY IMPROVEMENT
o RELIABILITY IMPROVEMENTS

e COST REDUCTION

e MASS REDUCTION

e RISK REDUCTION

o . COMMONALITY AMONG PLATFORMS
¢ TECHNOLOGY ADVANCEMENT REQUIRED
e SCHEDULE REDUCTION

® DESIGN SIMPLIFICATION

© . SYNERGISM

e LONG RANGE POTENTIAL

e MISSION ENABLEMENT

¢ SHUTTLE IMPACTS

e PACKAGING IMPACTS

Reduced on-board storage

Must be simple, fast

Must be fail-safe

Req'd capabiiities to attain 10-25 yr
lifetime for S.S.

Must be maintainable in-space

Applicable to unmanned piatform as well
as S.S.

Interreiated with ECLS, Thermal, propulsionj,
mission, OPS

Required to make S.S. autonomous
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LET

OPERATIONS AND CREW SYSTEMS
TECHNOLOGY ITEMS SCREENING

ITEMS DELETED AND RATIONALE

ITEM DELETED

RATIONALE

Develop umbitical system for connecting space
station fluids, gases, cryos, power, and data
bus to vehicles and spacecraft.

Develop portable, general-purpose EVA workstation.

Develop space-based QTV.

Develop standard connectors.

Develop natural language computer man-machine
interface,

Develop improved crew training capabilities.

Develop zero-g surgical and dental equipment
and techniques.

Develop improved zero-g toilet.

This is primarily a design problem. The gas,
fluid, and cryo connector technology is addressed
in one of the technology items kept in this sort.

Could use shuttle hardware but will incur a
performance degradation.

Not essential for early space station,

Highly desirable for maintainabi1ity and operation
but could reluctantly use off-the-shelf havdware.

Long-range goal but could use current technology
for early space station.

Not essential for early space station with small
crews., Will be very important as crew size and
operational demands increase.

Not essential for early space station but will be
req'd as station becomes larger,

Shuttle toilet could be used with some human factors

modifications.
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ECHNO
Hiarvid DATA MANAGEMENT :
TECHNOLOGY o _

ADVANCEMENT Develop/evaluate Multifunction Gontrols and Displays for Human
GCAL Space Environment.
SPECIFIC Evaluate Multifunction Controls and Displays vs Dedicated
TRADE Orientation.

CRITERIA ESTIMATED BENEFIT

SYSTEM IMPACTS

SUBSYSTEM IMPACTS
PERFORMANCE IMPROVEMENTS
OPERATIONS IMPROVEMENTS
SAFETY IMPROVEMENTS

LIFETIME IMPROVEMENTS
MAINTAINABILITY IMPROVEMENT
RELIABILITY IMPROVEMENTS

COST REDUCTION
'MASS REDUCTION

RISK REDUCTION
. COMMONALITY AMONG PLATFORMS
TECHNOLOGY ADVANCEMENT.REOUIRED
SCHEDULE REDUCTION

DESIGN SIMPLIFICATION
- SYNERGISM

LONG RANGE POTENTIAL

MISSION ENABLEMENT
SHUTTLE IMPACTS
PACKAGING IMPACTS

s 2 M B D B D B M

Applicable to manned platforms.
X
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TECHNOLOGY
OISCIPLINE DATA MANAGEMENT ]
IE%HA';%LE%GEIJT Develop/Evaluate Voice Communication Techniques for Manned

L Compartment as Well as Other Areas Such as Platform Maintenance via

Evaluate Voice Activation/Response Techniques vs Conventional
SPECIFIC : a
TRADE Controls/Displays.
CRITERIA ESTIMATED BENEFIT
SYSTEM IMPACTS

SUBSYSTEM IMPACTS
PERFORMANCE IMPROVEMENTS
OPERATIONS IMPROVEMENTS

SAFETY IMPROVEMENTS

LIFETIME IMPROVEMENTS
MAINTAINABILITY IMPROVEMENT
RELIABILITY IMPROVEMENTS

COST REDUCTION
'MASS REDUCTION

RISK REDUCTION

COMMONALITY AMONG PLATFORMS
TECHNOLOGY ADVANCEMENT. REQUIRED
SCHEDULE REDUCTION

DESIGN SIMPLIFICATION
- SYNERGISM

LONG RANGE POTENTIAL

MISSION ENABLEMENT
SHUTTLE IMPACTS

PACKAGING IMPACTS

X
Easier manned interface.

Easier manned interface

Warning Clarity, quicker response.
X

Reduce risks in operation with manned
interface.
Applicable to manned platforms.

Need further emhancements.
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HNO
;fscclpu'ﬁ%@! DATA MANAGEMENT )
TECHNOLOGY Develop/evaluate Processors for Applicability of Microprocessors
”GSXQNCEMENT in.a Distributed Architecture for Space Applications.
Evaluate Advanced Microprocessors (eg, 32 bit) in a Distributed
SPECIFIC Architecture
TRADE

CRITERIA

ESTIMATED BENEFIT

e SYSTEM IMPACTS

o SUBSYSTEM IMPACTS

e PERFORMANCE IMPROVEMENTS

e OPERATIONS IMPROVEMENTS

e SAFETY IMPROVEMENTS

e LIFETIME IMPROVEMENTS

e MAINTAINABILITY IMPROVEMENT
e RELIABILITY IMPROVEMENTS

e COST REDUCTION

* MASS REDUCTION

© RISK REDUCTION

o COMMONALITY AMONG PLATFORMS
e TECHNOLOGY ADVANCEMENT REQUIRED
e SCHEDULE REDUCTION

e DESIGN SIMPLIFICATION

e . SYNERGISM

© LONG RANGE POTENTIAL

o MISSION ENABLEMENT

e SHUTTLE IMPACTS

© PACKAGING IMPACTS

Processor pPart of subsystem
X

Subsystem oriented.

Due to maintainability, reliability

X

X
X
X

Chip technology.
X

Use same processors for all.

Processors under development, muiti-
processing environment required.
X

Eliminate complex central system.
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TECHNOLOGY
DISCIPLINE DATA MANAGEMENT 3
TECHNOLOGY Develop/Evaluate Types of Data Busses Applicable to Distributed
ADVANCEMENT Architecture Including Fiber Optics.
GDAL

Evaluate Data Busses Applicable to Platform Environment:
?ﬁ?&?c Specifically Include Fiber Optics

CRITERIA

ESTIMATED BENEFIT

® SYSTEM IMPACTS

e SUBSYSTEM IMPACTS

e PERFORMANCE IMPROVEMENTS

e OPERATIONS IMPROVEMENTS

® SAFETY IMPROVEMENTS

e LIFETIME IMPROVEMENTS

e MAINTAINABILITY IMPROVEMENT
e RELIABILITY IMPROVEMENTS

e« COST REDUCTION

® MASS REDUCTION

® RISK REDUCTION

® | COMMONALITY AMONG PLATFORMS
® TECHNOLOGY ADVANCEMENT REOUIRED
® SCHEDULE REDUCTION

¢ DESIGN SIMPLIFICATION

* . SYNERGISM

* LONG RANGE POTENTIAL

® MISSION ENABLEMENT

e SHUTTLE IMPACTS

e PACKAGING IMPACTS

Platform data communication.

X
X

Due to maintainability, reliability.
X

X
Fiber ofatics: less weight, volume
X

Use same data bus for all, voice comm
for manned platform may be a factor.
Application to platform creates
environment different from ground; eg,
radiation.

X
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TECHNOLOGY
OISCIPLINE DATA MANAGEMENT ]
TECHNOLOGY DeveTop/qu]uate Software CocegeneratﬂMITbols.In§1uding Some Form
ADVANCEMENT of Automatically Generating Code From Design and Requirements
GOAL - Definitions,
Eva1gate_quuirement§ Definition and Design Aid Tools to Determine
SPECIFIC Applicability of Assisting in Generation of Source Code; Include
TRADE Correlation to HOL -(eg, ADA)
CRITERIA ESTIMATED BENEFIT
SYSTEM IMPACTS
SUBSYSTEM IMPACTS

PERFORMANCE IMPROVEMENTS
OPERATIONS IMPROVEMENTS
SAFETY IMPROVEMENTS

LIFETIME IMPROVEMENTS
MAINTAINABILITY IMPROVEMENT
RELIABILITY IMPROVEMENTS

COST REDUCTION

'MASS REDUCTION

RISK REDUCTION

_ COMMONALITY AMONG PLATFORMS
TECHNOLOGY ADVANCEMENT.REQUIRED
SCHEDULE REDUCTION

DESIGN SIMPLIFICATION

. SYNERGISM

LONG RANGE POTENTIAL

MISSION ENABLEMENT

SHUTTLE IMPACTS

PACKAGING IMPACTS

Reduce Chance of code errors.

Easier creation of code from requirements.
Easigr to chance code from changer in
requirements.

Reduction in code errors.
Reduce manpower to generate code.

Reduce chance of code errors.

Same S/W development tools for all.
Some tools available, enhancements needed.

Easier to produce code directly.
Easier to produce code directly.
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LSuiald DATA MANAGEMENT
TECHNOLOGY Develop/Evaluate software Support Tools Including File Editors,
é&i{tNCE“ENT File/Library/Configuration Controls, Documentation Aids, etc.
Evaluate HOL (eg, ADA) and other S/W Development Support Tools
TSPRE‘ERCAEIC for Increasing Programmer productivity and Sofiware Reliability
CRITERIA ESTIMATED BENEFIT

SYSTEM IMPACTS

SUBSYSTEM IMPACTS
PERFORMANCE IMPROVEMENTS
OPERATIONS IMPROVEMENTS
SAFETY IMPROVEMENTS

LIFETIME IMPROVEMENTS
MAINTAINABILITY IMPROVEMENT
RELIABILITY IMPROVEMENTS

COST REDUCTION

_MASS REDUCTION

RISK REDUCTION

COMMONALITY AMONG PLATFORMS
TECHNOLOGY ADVANCEMENT REQUIRED
SCHEDULE REDUCTION

DESIGN SIMPUFIG&TIOR.

- SYNERGISM

LONG RANGE POTENTIAL

MISSION ENABLEMENT

SHUTTLE IMPACTS

PACKAGING IMPACTS

Via better support toois, less errors.
Via better support tools, less errors.

Via better support tools, Tess errors.
Via increased productivity and reliability.

Via use of same support tools for all.

Tools available, enhancements requireci.
Via better support tools, Tess errors.
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TECHNOLOGY
OISCIPLINE DATA MANAGEMENT -
Ig%i’:%s?fs:r Develop/Evaluate High Order Language (HOL)
GOAL . i
SPECIFIC Evaluate ADA* as a HOL for Space Application vs Current
TRADE Langquage Usage.
CRITERIA ESTIMATED BENEFIT
& SYSTEM IMPACTS

SUBSYSTEM IMPACTS
PERFORMANCE IMPROVEMENTS
OPERATIONS IMPROVEMENTS
SAFETY IMPROVEMENTS
LIFETIME IMPROVEMENTS
MAINTAINABILITY IMPROVEMENT
RELIABILITY IMPROVEMENTS
COST REDUCTION

MASS REDUCTION

RISK REDUCTION

. COMMONALITY AMODNG PLATFORMS

TECHNOLOGY ADVANCEMENT REQUIRED
SCHEDULE REDUCTION
DESIGN SIMPLIFICATION

- SYNERGISM

LONG RANGE POTENTIAL
MISSION ENABLEMENT
SHUTTLE IMPACTS
PACKAGING IMPACTS

Possible via reliabilfty, maintainability.
Via use of HOL designed for future.

Via use of HOL.
Via use of HOL.

*|Via use of HOL.

Via use of HOL.

Via use of same HOL for all.

Advancement underway for DOD, application
to space unknown.
Via use of HOL.

Via use of HOL.

*AQA.is new HOL specifically directed by DOD to be developed for common use by all
military branches for-military applications to avoid proliferation of various
languages, utilize best features of all, avoid pitfalls of others, and add
desired/required features.
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TECHNOLOGY
DISCIPLINE COMMUNICATION AND TRACKING ]
TECHNOLOGY Develop a Terminal Guidance System for Automati-c
GOAL b Docking
SPECIFIC Radio Frequency vs Optical/laser
TRADE
CRITERIA ESTIMATED BENEFIT

SYSTEM IMPACTS
SUBSYSTEM IMPACTS
PERFORMANCE IMPROVEMENTS

OPERATIONS IMPROVEMENTS Minimizes Pilot/astronaut work Toad.
SAFETY IMPROVEMENTS Minimizes probability of docking damage.
LIFETIME IMPROVEMENTS Readily accomodates increased docking

MAINTAINABILITY IMPROVEMENT
RELIABILITY IMPROVEMENTS

COST REDUCTION

'MASS REDUCTION

RISK REDUCTION

. COMMONALITY AMONG PLATFORMS
TECHNOLOGY ADVANCEMENT.REQUIRED
SCHEDULE REDUCTION

DESIGN SIMPLIFICATION
SYNERGISM

LONG RANGE POTENTIAL

MISSION ENABLEMENT

SHUTTLE IMPACTS

PACKAGING IMPACTS

traffic/frequency.

Reduces amount of docking training/
practice required.

Required for Unmanned spacecraft docking.
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i COMMUNICATION AND TRACKING
TECHNOLOGY Develop a Lightwéight-Low Cost Voice/Voice Bandwidth Communication
ggXCNCEME"T System for Intercom, EVA, Proximity, and Space/Ground Communicationg.
Digital Voice - Time Division Multiplex vs Analog Voice ~ Freguency
SPECIFIC Division Multiplex
TRADE
CRITERIA ESTIMATED BENEFIT

e SYSTEM IMPACTS
e SUBSYSTEM IMPACTS

e PERFORMANCE IMPROVEMENTS

e OPERATIONS IMPROVEMENTS

e SAFETY IMPROVEMENTS

¢ LIFETIME IMPROVEMENTS

e MAINTAINABILITY IMPROVEMENT

e RELIABILITY IMPROVEMENTS

e COST REDUCTION

e MASS REDUCTION

® RISK REDUCTION

o COMMONALITY AMONG PLATFORMS

e TECHNOLOGY ADVANCEMENT REQUIRED
e SCHEDULE REDUCTION

e DESIGN SIMPLIFICATION

¢ SYNERGISM

© LONG RANGE POTENTIAL

e MISSION ENABLEMENT

e SHUTTLE IMPACTS

o PACKAGING IMPACTS

Digitized voice and time division multi-
piéxing simplifies voice distribution, voic
conferencing and voice freq. data distributi

Increased hardware commonality.

Digital circuits replace analog circuits.
Hardware commonality reduces unit cost
and spares provisioning quantities.
LSE/VLSI implementation reduces mass 75%

fewer interconnecting cables required.

Standard modules common to all platforms.

Digitized voice circuits simplify the
transmission of data (eq: biomedical) over
voice circuits.
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TECHNCLOGY .
DISCIPLINE COMMUNICATION AND TRACKING -

TECHNOLOGY Develop a High Data Rate Communication Link Capable of Handlin
ADVANCEMENT Up to 4 Digitized Color TV Channel i i 7
BDAL Data annels Along With Other High Rate

Single High Rate Data Link vs Separate Analog TV Links and
?‘PBEACEI)?C Data Link(s)
CRITERIA ESTIMATED BENEFIT

e SYSTEM IMPACTS

® COST REDUCTION
e MASS REDUCTION
& RISK REDUCTION

SUBSYSTEM IMPACTS
PERFORMANCE IMPROVEMENTS
OPERATIONS IMPROVEMENTS
SAFETY IMPROVEMENTS
LIFETIME IMPROVEMENTS
MAINTAINABILITY IMPROVEMENT

. COMMONALITY AMONG PLATFORMS

RELIABILITY IMPROVEMENTS Digital vs Analog Circuits.

Provides 75% mass reduction compared with
separate analog TV channels.

& TECHNOLOGY ADVANCEMENTREQUIRED Rquires development of high speed,.modu-~
» SCHEDULE REDUCTION lzzsg;tgglfipiexers, and A/D & D/A

. -DESEGHSIMPLIFICATIDN

® . SYNERGISM

s SHUTTLE IMPACTS

LONG RANGE POTENTIAL
MISSION ENABLEMENT Provides Hi Res. dictorial data for

PACKAGING IMPACTS

troubleshooting. Enable transmission or
Hi Res videa mission data.
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Y COMMUNICATION AND TRACKING _
TECHNOLOGY Develop a Space Tified i
e p P Qualified Traffic Control Radar
GDA}. e o S .

T Multi Mode, Phased Array, Digital Processing vs Séparate
SPECIFIC Search and Tracking Radars With Mechanically Scanned
TRADE Antennas and Analog Processing

CRITERIA ESTIMATED BENEFIT

® SYSTEM IMPACTS
e SUBSYSTEM IMPACTS
e PERFORMANCE IMPROVEMENTS

® OPERATIONS IMPROVEMENTS
o SAFETY IMPROVEMENTS

Location & Status of Relevant Space Objects
Provided.

Conflict/collusion warning for spacecraft
& debris provided.

LIFETIME IMPROVEMENTS
MAINTAINABILITY IMPROVEMENT
RELIABILITY IMPROVEMENTS g
COST REDUCTION

MASS REDUCTION .

RISK REDUCTION

. COMMONALITY AMONG PLATFORMS

TECHNOLOGY ADVANCEMENT. REDIMRED
SCHEDULE REDUCTION

DESIGN SIMPLIFICATION

SYNERGISM

LONG RANGE PUTENTIAL

MISSION ENABLEMENT

SHUTTLE IMPACTS

PACKAGING IMPACTS

Maximum use of digital circuitry increases
maintainability & reliability.

Requir_-e to detect & track incomming &
outgoing spacecraft. Detect space dabiis,
and provide conflict/collusion alarm.
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TECHNCGLOGY
DISCIPLINE ELECTRICAL POWER ]
TECHNOLOGY Develop Automated Electrical Power System to Improve Reliability
ADVANCEMENT By An Order of Magnitude and Reduce Operating Cost (Manpower) By
GOAL An Qrdar of Magnituda—

Comparison of Degree of Automation vs Weight, Man-Machine Sharing
SPECIFIC of Automation, Improvement in Reliability and Life vs Degree of
TRADE Automation.

CRITERIA ESTIMATED BENEFIT

® SYSTEM IMPACTS Contribution to platform automation.

SUBSYSTEM IMPACTS
PERFORMANCE IMPROVEMENTS
OPERATIONS IMPROVEMENTS
SAFETY IMPROVEMENTS
LIFETIME }MPROVEMENTS
MAINTAINABILITY IMPROVEMENT

RELIABILITY IMPROVEMENTS

COST REDUCTION

MASS REDUCTION

RISK REDUCTION

COMMONALITY AMONG PLATFORMS
TECHNOLOGY ADVANCEMENTREQUIRED
SCHEDULE REDUCTION

DESIGN SIMPLIFICATION
SYNERGISM

LONG RANGE POTENTIAL

MISSION ENABLEMENT

SHUTTLE IMPACTS

PACKAGING IMPACTS

Improvement in 1ife and reliability of EPS.

Improved Reaction to malfunctions.

Permits planning of difficult operations
without dependence on man.

Promtes system safety-can react instantly
to problems

Improves Tife by optimizing performance
under all conditions,

Minimizes maintenance reguirements.

Increases reliability

Reduces risk because of constant monitoring
and control.
Applicabte to all platforms.

Preliminary automation is S-0-A. Requires
advanced sensors and latest microprocessors.

Will affect thermal control.

Back up to on board computer control
functions.

Required for automation of space platform
and station.
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TECHNOLOGY

DISCIPLINE ELECTRICAL POWER )

TECHNOLOGY Develop an Advanced Energy Storage System of Low Mass - High

ADVtNCEMENT Energy Density, to Replace NiCd Batteries.

GOA

T Compare Ni' Cd Battéries With Regenerable Fuel Cells, Ni-Hp~
SPECIFIC Batteries, and Flywheels at a Space Station Level to Determine
TRADE Integration Effect.
CRITERIA ESTIMATED BENEFIT

e SYSTEM IMPACTS Energy storage will constitute significant
mass.

o SUBSYSTEM IMPACTS Minimization of energy storage mass.

e PERFORMANCE IMPROVEMENTS Improve reliability of E.P.S.
Support steady state and transient loads

e OPERATIONS IMPROVEMENTS with minimim mass.

e SAFETY IMPROVEMENTS

e LIFETIME IMPROVEMENTS

& MAINTAINABILITY IMPROVEMENT Increase energy storage }ife with minimum
mass .

e RELIABILITY IMPROVEMENTS

. COST REDUCTION Minimize 1ife cycle cost.

® MASS REDUCTION

RISK REDUCTION
. COMMONALITY AMONG PLATFORMS Can be used with all platform concepts.

- SYNERGISM

TECHNOLOGY ADVANCEMENT REQUIRED
® SCHEDULE REDUCTION cells are developmental for LEQ applic.

DESIGN SIMPLIFICATION

. LONG RANGE POTENTIAL
MISSION ENABLEMENT
SHUTTLE IMPACTS
PACKAGING IMPACTS

Minimize system mass by integration with
other subsystems.

Regenerable fuel cell system and flywheel
energy storage are developmental. Ni-Ho

Minimize solar array area (drag)

Efficient energy storage required for space
platforms.

Batteries or fuel cells will affect packagir
volume,

NOTE:

Utilize results from studies of:
Regenerable Fuel Cells.
Flywheel Energy Storage.

150

g



D180-27487-3

TECHNOLOGY
TECHNOLOGY Develop High-Power/High-Voltage Power Conditioning For Space
ADVANCEMENT Platforms & Space Stations.
GDAL

Compare Multiple Units of Lower Rating With Large Single
SPECIFIC Units to Be Developed. Compare Cost, Weight, Reliability,
TRADE Efficiency, EMI.

CRITERIA ESTIMATED BENEFIT
- — 11
SYSTEM IMPACTS Higher efficiency will reduce solar array

SUBSYSTEM IMPACTS
PERFORMANCE IMPROVEMENTS
OPERATIONS IMPROVEMENTS
SAFETY IMPROVEMENTS

LIFETIME IMPROVEMENTS
MAINTAINABILITY IMPROVEMENT
RELIABILITY IMPROVEMENTS

COFI: HEDUCTION

.MA.SS REDUCTION

RISK REDUCTION

. COMMONALITY AMONG PLATFORMS
TECHNOLOGY ADVANCEMENT REQUIRED
SCHEDULE REDUCTION

DESIGN SIMPLIFICATION

- SYNERGISM

LONG RANGE POTENTIAL

MISSION ENABLEMENT

SHUTTLE IMPACTS

PACKAGING IMPACTS

area and overall system weight.
Simplification of E.P.S.

-Higher efficiency and Reliability.

Higher energy density will reduce E.P.S.
volume,

Higher reliability with fewer components
in parallel.

Lower mass from higher efficiency and
higher energy density.

Small platforms can use S-0-A components.
Large platforms will require advanced
components.

Power conditioning equipment for high
power in Targe units are not available.
Advanced solid state devices to be
developed.

Higher efficiency components will simplify
thermal control and reduce E.P.S. mass and
array area (drag)

Higher efficiency components will reduce

packaqing volume,
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HNOLOGY

;lEgCIPLINE ELECTRICAL POWER )

TECHNOLOGY Provide/Develop a High-Power Rotary Joint With High Efficiency,

ADVANCEMENT Low Noise, Low Wear and Debris.

GOAL e i —

Brush/S1ipring Concept vs Rotary Transformer Concept.
SPECIFIC
TRADE
CRITERIA ESTIMATED BENEFIT

Enable rotation while transferring power

e SYSTEM IMPACTS to spacecraft.

e SUBSYSTEM IMPACTS Minimize loss and system weight.

e PERFORMANCE IMPROVEMENTS Provide Tow EMI power transfer. Minimize
contamiration debris.

e QOPERATIONS IMPROVEMENTS Non-restrictive motion of solar array.

e SAFETY IMPROVEMENTS

e LIFETIME IMPROVEMENTS Low wear and 1ittle contamination debris.

e MAINTAINABILITY IMPROVEMENT

e RELIABIUTY IMPROVEMENTS

e COST REDUGTION .

&  MASS REDUCTION High afficiency will decrease loss and

: system mass.
¢ RISK REDUCTION This size of power transfer has not been
v accomplished to date.

*. COMMORNA AMONG PLATFORMS Can be used for any platform concept.

& TECHNOLOGY ADVANCEMENT REQUIRED The sizeand power level will be greater
than any to date. Materials rating will

& SCHEDULE REDUCTION be 1imiting. Scaling factor unknown.
Rotary transformer is §till developmental.

¢ DESIGN SIMPLIFICATION Interaction with space plasma will be a
problem. Thermal control will also be

® - SYNERGISM a problem.

& LONG RANGE POTENTIAL

&  MISSION ENABLEMENT A power transfer joint is necessary to
operate the spacecraft as planned. (Enabling).

« SHUTTLE IMPACTS
Concept will affect platform packaging

® PACKAGING IMPACTS configurations.
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TECHNOLOGY ELECTRICAL POWER -
DISCIPLINE 3
TECHNOLOGY Develop a Solar Array Concentrator to Lower Array Cost By
ADVANCEMENT 25-50% and Provide Hardening For Military Applications.
GOAL

Compare Several Concentrator Concepts and Planar Arrays
?;5&5?3 for Cost, Weight, and Hardening.

CRITERIA ESTIMATED BENEFIT

e SYSTEM IMPACTS

e SUBSYSTEM IMPACTS

e PERFORMANCE IMPROVEMENTS

e OPERATIONS IMPROVEMENTS

e SAFETY IMPROVEMENTS

e LIFETIME IMPROVEMENTS

e MAINTAINABILITY IMPROVEMENT

e RELIABILITY IMPROVEMENTS

. COST REDUCTION

L] 'MASS REDUCTION

® RISKX REDUCTION

& COMMONALITY AMONG PLATFORMS
e TECHNOLOGY ADVANCEMENT REQUIRED
e SCHEDULE REDUCTION

e DESIGN SIMPLIFICATION

¢ SYNERGISM

& LONG RANGE POTENTIAL

© MISSION ENABLEMENT

e SHUTTLE IMPACTS

e PACKAGING IMPACTS

Array Concept will affect configuration,
thermal contrel, area, mass, cost.

Array concept will determine power system
cost, array area, array mass, volume:
(stowing}.

Concentrator will Have Lower Degradation
to Manmade and Natural Environment.
Concentrator Lan resist degradation and
improve reliability.

Cost reduction will result from concentra-
tor array using fewer solar cells.

Array concept can be used with any platform
or station concept.

Concentrator array technology is develop-
mental. Some concepts incorpérate advanced
heat pipes.

Solar array concept will affect attitude
control system for array pointing. Stiffnesd
of array will change panel frequency.
Concentrator array will provide hardening
for military missions. (Enabling).

Concept selected will determine array pack-
aging and stowage
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TECHNOLOGY .
DISCIPLINE PROPULSION AND FLUIDS
E?ﬂe%}é%%m Improve:d per-fomance and reliabi 'I'ity:
GOAL Reduced system impact. Growth potential
?;SSg?c Orbit Makeup Propulsion Selection
CRITERIA ESTIMATED BENEFIT

e SYSTEM IMPACTS
e SUBSYSTEM IMPACTS
PERFORMANCE IMPROVEMENTS

OPERATIONS IMPROVEMENTS
SAFETY IMPROVEMENTS

e LIFETIME IMPROVEMENTS

& MAINTAINABILITY IMPROVEMENT
* RELIABILITY IMPROVEMENTS

* COST REDUCTION

® MASS REDUCTION

e RISK REDUCTION

e . COMMONALITY AMONG PLATFORMS

® TECHNOLOGY ADVANCEMENT REQUIRED"

® SCHEDULE REDUCTION
® DESIGN SIMPLIFICATION
- SYNERGISM

LONG RANGE POTENTIAL
MISSION ENABLEMENT
SHUTTLE IMPACTS .
PACKAGING IMPACTS

Use of propeliants on-board for other
reasons (OTV, EC/LS).

Increased Isp, development of small LHp/
LO2 motors.

Commonality of propellants.
Small, reliable-LH2/L02 motor development.

Small LH2/L02 motor.

Camonahty of propellant tankage and
plumbing.

Propellant commonality {resupply).

Propellant commonality (resupply).
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CHNOLOGY .
g?scu’uns ; PROPULSION AND FLUIBS. .
TECHNOLOGY Develop techniques for low-g acquisition and transfer. Im
. prove
e.gXtNCEMEHT long-term storage abilities.
SPECIFIC Cryogen Propellant Transfer and Management
TRADE .
CRITERIA ESTIMATED BENEFIT
® SYSTEM IMPACTS i -Low-g acquisition negates need to

accelerate to settle propellants.
® SUBSYSTEM IMPACTS

o PERFORMANCE IMPROVEMENTS Cryos offer improved performance.

Facilitates loading and off-loading of

& OPERATIONS IMPROVEMENTS propellants.

e SAFETY IMPROVEMENTS
e LIFETIME IMPROVEMENTS

¢ MAINTAINABILITY IMPROVEMENT

e RELIABILITY IMPROVEMENTS

* COST REDUCTION

® MASS REDUCTION

® RISK REDUCTION

. COMMONALITY AMONG PLATFORMS

. ﬁcaup%b?mc&u&utmumeg'
e SCHEDULE REDUCTION _

Low-g acquisition with 95% tank emptying
capabiiity.

® DESIGN SIMPLIFICATION ;’;ts:%l;éates use of cryos for all propulsior

® SYNERGISM ’ .

. . c aas
LONG RANGE POTENTIAL Development of techniques for acquisition

& MISSION ENABLEMENT and trasnfer of cryogene at low-g levels.
® SHUTTLE IMPACTS 0ff-1oad from Orbiter (resupply).
® PACKAGING IMPACTS ’
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TECHNOLOGY
DISCIPLINE

PROPULSION AND FLUIDS -

TECHNOLOGY
ADVANCEMENT
GOAL - - -

Improvéd performance. Propellant com.mna'ﬁty.

SPECIFIC
TRADE

Attitude Control System Selection

CRITERIA

ESTIMATED BENEFIT

o SYSTEM IMPACTS )
¢ SUBSYSTEM IMPACTS

¢ PERFORMANCE IMPROVEMENTS

e OPERATIONS IMPROVEMENTS

e SAFETY IMPROVEMENTS

e LIFETIME IMPROVEMENTS

e MAINTAINABILITY IMPROVEMENT
& RELIABILITY IMPROVEMENTS

¢ COSTREDUCTION

* MASS REDUCTION

® RISK REDUCTION .

o . COMMONALITY AMONG PLATFORMS

e TECHNOLOGY ADVANCEMENT REQUIRED"

¢ SCHEDULE REDUCTION
& DESIGN SIMPL!FIC.ATION
® . SYNERGISM

& LONG RANGE POTENTIAL
¢ MISSION ENABLEMENT

+ SHUTTLE IMPACTS

e PACKAGING IMPACTS

Use of propellant on-board for makeup
propulsion, OTV, EC/LS.

Improved with LH/LOo system,

Small LOp/LHz motor.

Commonality of propellant tankage and
plumbing.

tPropellant commonality (resupply)

Propellant commonality {resupply)
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E’%&'?ﬂh‘é‘” GUIDANCE & CONTROL - APPROACH AND DOCKING™
TECHNOLOGY Develop Autcmated A h and ki i thy .
= ENT p Autcmated Approach and Docking Algorithms
GOAL
SPECIFIC Entirely Automated vs Manual Interface
TRADE
CRITERIA ESTIMATED BENEFIT
& SYSTEM IMPACTS Requires dedicated computer time and
memory.
® SUBSYSTEM IMPACTS Requires sensor development.

| ]
-

PERFORMANCE IMPROVEMENTS
OPERATIONS IMPROVEMENTS
SAFETY IMPROVEMENTS

LIFETIME IMPROVEMENTS
MAINTAINABILITY IMPROVEMENT
RELIABILITY IMPROVEMENTS

COST REDUCTION

.MASS REDUCTION

RISK REDUCTION

COMMONALITY AMONG PLATFORMS
TECHNOLOGY ADVANCEMENT. REQUIRED
SCHEDULE REDUCTION

DESIGN SIMPLIFICATION
SYNERGISM

LONG RANGE POTENTIAL

MISSION ENABLEMENT

SHUTTLE IMPACTS

PACKAGING IMPACTS

Reduces approach fuel usage.

Lessens crew workload-may be requirement
during high traffic loads.

Fuel usage reduction on active vehicles.

Necreases chance of "pilot error", reduces |
collisjon probability.
Standard system for all vehicles.

Develop guidance algorithms-applicable to
any sensor-compatible space system.

Numerous DOD & commercial applications.

Enables docking between unmanned systems
required for high traffic loads.
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TECHNOLOGY

DISCIPLINE TRACKING & NAVIGATION - APPROACH/DOCKING SENSOR

TECHNOLOGY Sensor for Docking - Must Include Re1at1ve Att1tude (3 Axis).
ADVANCEMENT and Relative Displacements (3 Axis})
__GOAL -

SPECIFIC Sensor Type (Visual, Laser, AMW, etc).

TRADE

CBITER'IA ESTIMATED BENEFIT
® SYSTEM IMPACTS
e SUBSYSTEM IMPACTS Requires sensor system for SOC and chaser

PERFORMANCE IMPROVEMENTS
OPERATIONS IMPROVEMENTS
SAFETY IMPROVEMENTS
LIFETIME IMPROVEMENTS
MAINTAINABILITY IMPROVEMENT
RELIABILITY IMPROVEMENTS
COST REDUCTION -

MASS REDUCTION

RISK REDUCTION
COMMONALITY AMONG PLATFORMS
TECHNOLOGY ADVANCEMENT REQUIRED
SCHEDULE REDUCTION

DESIGN SIMPLIFICATION

- SYNERGISM

LONG RANGE POTENTIAL
MISSION ENABLEMENT
SHUTTLE IMPACTS
PACKAGING IMPACTS

yefiicl es.

Requirement for docking w/unmanned vehicles.

Improved safety for docking manned vehicles.

Relative attitude/displacement sensors
of very high accuracy.

Must be able to dock OTV's & other unmanned/
manned vehicles.
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TECHNOLOGY GUIDANCE & NAVIGATION - CLOSE-IN TRAFFIC CONTROL
DISCIPLINE -
TECHNCLOGY Advanced Relative Navigation Techniques & Guidance
ADVANCEMENT Algorithms (Multiple Vehicles)
GOAL

1. Automative vs Manual Interface.
g:s&g?c 2. Sensor Study.

CRITERIA

ESTIMATED BENEFIT

e SYSTEM IMPACTS
e SUBSYSTEM IMPACTS

¢ PESRFORMANCE IMPROVEMENTS

e OPERATIONS IMPROVEMENTS

e SAFETY IMPROVEMENTS

o LIFETIME IMPROVEMENTS

e MAINTAINABILITY IMPROVEMENT

o RELIABILITY IMPROVEMENTS

e COST REDUCTION

e MASS REDUCTION

* RISK REDUCTION

o COMMONALITY AMONG PLATFORMS

e TECHNOLOGY ADVANCEMENT.REOUIRED
s SCHEDULE REDUCTION

e DESIGN SIMPLIFICATION

¢ SYNERGISM

e LONG RANGE POTENTIAL

e MISSION ENABLEMENT

e SHUTTLE IMPACTS

» PACKAGING IMPACTS

Dedicated Computer Time/Memory.

Requires spherical sensor coverage.

Enables constant monitoring & control
without crew interface.

Prevents accidental impact or interference

between vehicles.

Reduces risk of vehicle collisions.

More comprehensive & flexible algorithms
spherical antenna coverage.

Allows multiple vehicles to operate in
cliose proximity.
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pempone | cUIDANCE, TRACKING, NAVIGATION & CONTROL -
TECHNOLOGY Space-based Launch Control System
ADVANCEMENT o .
GOAL
1. Degree of Automation. 4. Autonomy vs Ground Support.

SPECIFIC 2. Required Sensors.
TRADE 3. Required Software.

CRITERIA ESTIMATED BENEFIT

SYSTEM IMPACTS

SUBSYSTEM IMPACTS
PERFORMANCE IMPROVEMENTS
OPERATIONS IMPROVEMENTS
SAFETY IMPROVEMENTS

LIFETIME IMPROVEMENTS
MAINTAINABILITY IMPROVEMENT
RELIABILITY IMPROVEMENTS

COST REDUCTION

MASS REDUCTION

RISK REDUCTION

. COMMONAUITY AMONG PLATFORMS
TECHNOLOGY ADVANCEMENT. REQUIRED
SCHEDULE REDUCTION

DESIGN SIMPLIFICATION
SYNERGISM

LONG RANGE POTENTIAL

MISSION ENABLEMENT

SHUTTLE IMPACTS

PACKAGING IMPACTS

HMass Storage and core memory.

Requires comm/tracking sensors. Interface
with TDRSS.

Makes SOC more autonomous.

Quicker response, better reliability
than through ground.

Entire system maintained onboard.
Fewer data/comm 1inks with ground.

Reduces ground support requirement.

Space based sensors, modified algorithms.

Able to Taunch with minimum ground support/
requirements.
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TECHNOLCGY
DISCIPLINE ATTITUDE CONTROL .
TECHNOLOGY Develop Control System That is Robust With Respect to Changing
ADVANCEMENT Control/Structural Interaction
GOAL —
SPECIFIC Evaluate Adoptive Control & System Identification Schemes
TRADE and Determine Best Alternatives
CRITERIA ESTIMATED BENEFIT

SYSTEM IMPACTS

Subsystem has less impact on restrictions
to configuration or structural stiffness

SUBSYSTEM IMPACTS Better control performance and greater

PERFORMANCE IMPROVEMENTS
OPERATIONS IMPROVEMENTS

SAFETY IMPROVEMENTS

LIFETIME IMPROVEMENTS
MAINTAINABILITY IMPROVEMENT
RELIABILITY IMPROVEMENTS

. COST REDUCTION

.MASS REDUCTION

RISK REDUCTION

. COMMONALITY AMONG PLATFORMS
TECHNOLOGY ADVANCEMENT.REQUIRED
SCHEDULE REDUCTION

DESIGN SIMPLIFICATION

. SYNERGISM

LONG RANGE POTENTIAL

MISSION ENABLEMENT

SHUTTLE IMPACTS

PACKAGING IMPACTS

stability margins.

Make subsystem more adaptable to component

failures and changes.

Reduced mass from lower structural
stiffness requirements.
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TECHNOLOGY

DISCIPLINE ATTITUDE CONTROL o

IED?NAN%EL?AGE‘;T Deyg?op’Techn']'gues for Damping Structural Vibrations Resulting

GOAL From Onboard Disturbances and Docking/Berthing Transients

Trade Active vs Passive Damping Techniques Evaluate Problems

i:g&g?c in Sensor/Effector Locations With Changing Configuration
CRITERIA ESTIMATED BENEFIT

® SYSTEM IMPACTS Reduce Transients throughout system.

e SUBSYSTEM IMPACTS

PERFORMANCE IMPROVEMENTS
OPERATIONS IMPROVEMENTS
SAFETY IMPROVEMENTS
LIFETIME IMPROVEMENTS
MAINTAINABILITY IMPROVEMENT
RELIABILITY IMPROVEMENTS
COST REDUGTION
'MASS REDUCTION
RISK REDUCTION
. COMMONALITY AMONG PLATFORMS
TECHNOLOGY ADVANCEMENT REQUIRED
SCHEDULE REDUCTION
DESIGN SIMPLIFICATION
. SYNERGISM
LONG RANGE POTENTIAL
MISSION ENABLEMENT
SHUTTLE IMPACTS
PACKAGING IMPACTS

Improve comfort to crew
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TECHNOLOGY
DISCIPLINE ATTITUDE CONTROL )
Iig:gggg:gnr Develop Control Techniques for Precision Instrument Pointing.
GOAL
SPECIFIC Trade Distributed and Centralized Control and Disturbance
TRADE Isg]at1on Techniques to Provide Precision Instrument
Pointing
CRITERIA ESTIMATED BENEFIT

SYSTEM IMPACTS

SUBSYSTEM IMPACTS
PERFORMANCE IMPROVEMENTS
OPERATIONS IMPROVEMENTS
SAFETY IMPROVEMENTS

LIFETIME IMPROVEMENTS
MAINTAINABILITY IMPROVEMENT
RELIABILITY IMPROVEMENTS

COST REDUCTION
_MASS REDUCTION

RISK REDUCTION

COMMONALITY AMONG PLATFORMS
TECHNOLOGY ADVANCEMENT.REQUIRED
SCHEDULE REDUCTION

DESIGN SIMPLIFICATION
. SYNERGISM
LONG RANGE POTENTIAL

MISSION ENABLEMENT
SHUTTLE IMPACTS
PACKAGING IMPACTS

Provide capability to point instruments
for scientific study
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TECHNOLOGY
DISCIPLINE ATTITUDE CONTROL i -

NOLOGY . . )
I%%HANCLEMENT Develop Techniques Required to Provide Micro g Environment
GOAL
SPECIFIC Trade Free Flying Lab vs Disturbance Isolation Techniques
TRADE

CRITERIA ESTIMATED BENEFIT
¢ SYSTEM IMPACTS

SUBSYSTEM IMPACTS
PERFORMANCE IMPROVEMENTS
OPERATIONS IMPROVEMENTS
SAFETY IMPROVEMENTS
LIFETIME IMPROVEMENTS
MAINTAINABILITY IMPROVEMENT
RELIABILITY IMPROVEMENTS
COST REDUCTION

MASS REDUCTION

RISK REDUCTION

COMMONALITY AMCNG PLATFORMS
TECHNOLOGY ADVANCEMENT REQUIRED
SCHEDULE REDUCTION

DESIGN SIMPLIFICATION

SYNERGISM

LONG RANGE POTENTIAL

MISSION ENABLEMENT

SHUTTLE IMPACTS

PACKAGING IMPACTS

Prgvidg required environment for
scientific missions.
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TECHNOLOGY i
DISCIPLINE ATTITUDE CONTROL )
TECHNOLOGY Develop Control Techniques for Thruster Operation on a Flexible
ADVANCEMENT Structure
GOAL
Determine Sensor/Thruster Location. Determine Stiffness

SPECIFIC Requirements. Determine Trade Between Stiffness Thrust Level
TRADE and Control Duty Cycle

CRITERIA ESTIMATED BENEFIT

® SYSTEM IMPACTS
e SUBSYSTEM IMPACTS

* PERFORMANCE IMPROVEMENTS

® OPERATIONS IMPROVEMENTS

e SAFETY IMPROVEMENTS

e LIFETIME IMPROVEMENTS

» MAINTAINABILITY IMPROVEMENT

e RELIABILITY IMPROVEMENTS

e COST REDUCTION

® MASS REDUCTION

e RISK REDUCTION

* | COMMONALITY AMONG PLATFORMS
¢ TECHNOLOGY ADVANCEMENT.REQUIRED
® SCHEDULE REDUCTION

& DESIGN SIMPLIFICATION

* . SYNERGISM

* LONG RANGE POTENTIAL

e . MISSION ENABLEMENT

® SHUTTLE IMPACTS

s PACKAGING IMPACTS

Maximize common control & station keeping
propelient commonality

Reduce resupply costs.

Reduction through Tower stiffness and
reduced control propellant
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TECHNOLOGY

DISCIPLINE ATTITUDE CONTROL o7 .

v periryr Develop Control Technigues to Control Docking/Berthing Transients

GOAL

SPECIFIC Trade Best Techniques for Controlling Docking/Berthing

TRADE Transients. Evaluate Local vs System Transient Reductions
CRITERIA ESTIMATED BENEFIT

.

SYSTEM IMPACTS

SUBSYSTEM IMPACTS
PERFORMANCE IMPROVEMENTS
OPERATIONS IMPROVEMENTS
SAFETY IMPROVEMENTS
LIFETIME IMPROVEMENTS
MAINTAINABILITY IMPROVEMENT
RELIABILITY IMPROVEMENTS
COS'l: REDUCTION

MASS REDUCTION

RISK REDUCTION

COMMONALITY AMONG PLATFORMS
TECHNOLOGY ADVANCEMENT REQUIRED
SCHEDULE REDUCTION

DESIGN SIMPLIFICATION

- SYNERGISM

LONG RANGE POTENTIAL
MISSION ENABLEMENT
SHUTTLE IMPACTS

® PACKAGING IMPACTS

Reduce control complexity if done
locally.

Anomoly handling during docking/berthing.

Docking/berthing port design for all
connections.

Mechanisms/Control Interface
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5.0 TRADE STUDY OPTION SURVEY (FORM 3A)

The Form 3A sheets summarize the results of the trade studies conducted in four subject
areas:

Data Management - Architecture

Data Management - Data Bus

Long Lifeline Thermal Management

Integration of Automated Housekeeping

In {fiiling out the sheets the evaluators completed comparisons between the options
considered with respect to performance pointers, safety impacts, lifetime impacts,
maintainability impacts, cost and other factors. These sheets give an overview of the
trade study results.
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FORM 3A . O
OF POOR QUALITY, DI80-77457-3 ¥ FOOR QUALITY
TECHHOLOGY DISCIPLENES  DATA MANAGEMENT ARCHITFCTURE l
I
TECHROLOGY ADVAMNCERENT GOAL: HIGH PERFORMANCE, FAULT TOLERANT & MODULAR SYSTEM f
![ :
]
SPECIFIC TRADE: HETUORK TOPOLOGIES FOR INTERMODULE SUBSYSTEM INTERCONNECTTONS :
- 1
ADE ;
gno«s — gg&iﬁ?’rlm OFTION 1 GETION 2 OPTION 3 } _ OPTION &
GRAPH {BACKBONE} MULTIPLE BUSES CHORDAL RING i {Conventional (Bus, Ring, Tree, 5ta
PERFORMANGE PARAMETERS :
BANDWIOTH High Medium Medium H Low
I
FARULT TOLERANCE High Mediun Med1um : Low
- - i
MODULART 7Y High High Lowt : Variable
e '
L ] .
|
° i
SAFETY IMPACTS High Fault Telerance Good Fault Tolerance Good Fault Tolerance Unacceptable
LIFETIME IMPACTS Expandable Expandable Limited Expandabiiity : Early Obsclescence
MAINTAINABILITY IMPACTS Satisfactory Satisfactory System Shutdown () Vartable
RELIABILITY WAPACTS Satisfactory Satisfactory Satisfactory Vartable
COST n/A N/A N/A f /A
!
MASS N7A N/A N/A : N/A
|
RISX M/A N/A N/A i Unacceptahle
APPLICABILITY TO MULTIPLE K1gh High Low : Low
PLATFORM TYPES ) !
TECHNOLOGY READINESS LEVEL Demonstrated 1960s Demonstrated 1970s Not Demonstrated _ Demonstrated 1960s
|
DEVELOPMENT SCHETWILE Three Years Three Years Not Recommended “ : Not Recommended
DESIGN SIMPLIFICATION Tdeal for Fiber Optics Bad for Fiber Optics Tdeal for Fiber Optics f Not Reccmmended
) ~
INTERRELATIONSHIPS WITH provides sufficient bandwidth,  High bandwidth systems {mpose Probably unsuited for space | Limited bandwidth and fault
OTHER SUBSYSTEMS modularity and fault tolerance requivement for high perform- applications fo tolerance: definately not
for any foreseeable application ance multiplexing electronics N recommended ,
i
.i
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. - Ei@,&‘ Eg
OF POOR QUALITY D180-27487-3 OF POOR 3
§
TECHROLOGY DISCIMLsAE:  DATA MANAGEMENT DATA BUS
Provide interconnect techrology which can handle early manned space station data communication
TECHNOLOGY ADVANCEMENT GDAL:  requirements and meet lang term growth requirements without {
|
7 ‘ 1
EC Compare Costs/Berefits of potential fiber optic data communication networks approaches. {Intercornect Tevel ; .
IFIC TRADE: only considerad, System Tevel comparisons are part of the Data Management Architecture Study) 3 :
- B |
TRADE NUMWBER E
oPTIONS —— DESCRIPTION OPTION 1 CPTION 2 OPTION 3 ‘ i OPTION &
GRAPH NETWORK CHORDAL RING NETHORK HYBRID DISCO/WLM NETWORK i _HYBRID DISCO/FDM NETWORK
f |
PERFORMANCE PARAMETERS ;
EFFICIENCY 1
[ .
FOWER CONSUMPTION 10,850 W 2,500 W -3,200 W : : 8060 W
OTHMERS Data Rate 200 MBPS/Link 200 MBPS/Link 2 to 4 GPPS combined bandwidth Jisog Meps - ap _ dat.
1.6 - GBPS/Netwark 200 MBS /Network of 4 wavelength optical ;ba,,dwigth oL Gaes combined o
. multiplex tions on network.
L ]
-
BAFETY IMPACTS
I
LIFETIME [MPACTS |
MAINTAINABILITY IMPACTS i E
About an order of magnitude bettef Same as optiem 2. Reduced reliability compared j{Same as option 3}
RELIABILITY S4PACTS than options 3 & 4 due %o use of to options 1 & 2 due to ILD :
cosT LED optical source. optical source use :
48,018,120 $2,157,630 $2,204,000 %5595?.000
MASS 2604 1o 698 1k 997 1b | 6 1b
RISK Low due to redundancy, fault Moderate {cue to potential limitd Moderate - reguires activé {same as option 3}
: telerance on growth repeaters on station module/ .
APPLICABILITY TO MULTIPLE . i . i madule interfaces. ' i
PLATFORM TYPES Universally Applicable Universaily Applicable ' :

TECHNOLOGY READINESS LEVEL

INTERRELATIONS PS WITH
OTHER SUBSYSTEMS

OTHER COMPARISON PARAMETERS
RECCNFIGURABILITY

Good, mature at Tink level.

Data Management Architecture

Excellent, changes can be made
while network continues to
operate

Good, mature at Jink Tevel.

Data Management Architecture

Poor, addition/deletion of nodes
requives careful sequencing to
prevent interruption of network
-aperation,

Young Technology {WDM, MDY/DEMOX)

(|

fretwork, CATY applications.

Comporents relatively costly,

I
Data Management Archi tectnﬁre

Excellent, nodes are effectively
paralleled, Additien or dele-
tion has no effect on network
operation unless

Relatively mature technology, FDM
use well proven in local area

?ata Management Arciiitectyre

{Same as optign 3)
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ORIGINAL PAGE &

FORM 3A
OF POOR QUALITY

QRIHNEL PARE 15

D186-27487-3 CF Poon QUALITY

TECHNOLOGY DISCIPLIME:

LOMG LTFE THERMAL MANAGEMENT

P,
!
TECHNOLOGY ADVAMCEMENT GOAL: 7o reduce cost of Tong 1ife thermal management system by minimizing the effect of thermal : \
ceating degradation. !
. Comparae tosis and benefits for three radiator configurations, with and without thermal storage and coating
SPECIFIC TRADE: renewal, for 100 KW heat rejection at 500 F 1n Tow-earth orbit. )
1
TARADE |
OPTIONS T g‘;’;ﬁ;m CFTION 1 CFTION 2 QPTION 3 ¥ OFTION 4
Fixed Radiator Selectable Radiators Steerable Radiator : Coating Rehewal {?-1/2 year cycie)
}
PERFORMANCE PARAMEYERS Mo Storage Storage Mo Storage Storage No Storage i Storage, Mo Storage Starage
i
1
L Optisn Ogtion
R
OTHERS s 1 7 3 1 2 3
® Radiator Area (ftz) 95280 11360 17990 7300 9760 5080 _: 14770 8630 5040 {8670 5930 4410
& Thermal Storage [KWUR) - 5.1 ~ 34.6 - 18.3 ; - - - 17.8 22.9 4.3
' -
o Height (1bs) 114360 22610 21580 12210 11710 8120 } ;17720 10360 5050;397C 9640 58Z0
!
LIFETHAE IMPACTS 5 year Timt Des1gned for —_—)
totally de-
MAINTAINABILITY IMPACTS grated coaiing i
RELIABILITY IMPACTS Requires radi- Minimal 1mpact § Added values &.cgntruls for Stegring mechanism & control ; Innerent high level of maintenance
ator replacement selectable radiator, Greater plus flexible {or rotating) . for coating renswal
cost (1ife cycle 25 years) 5106 1mpact than ontion 1. fluid coupiings resulting great
) impact than Option 2 { !
wASs {total for 1ife cycle) $10° lbs 129 15.8 15.1 8.5 a2 5.7 12,4 7.3 4.3 7.0 6.7 &1
RISK 457 22.5 21.6 12.2 11.7 5.1 17.7 10.46.1 10.0 9.6 5.8
High Low Low Low Higher risk than 2 Cast & mass doesl not include

APPLICABILITY TO MULTWPLE
PLATFORM TYPES

TECHNOLOGY READINESS LEVEL

INTERBELATHONSHIPS WITH
OTHER SUBSYSTEMS

A1l reguire radiator placement tof

Requires replace- Requires ther-
able radiator mal storage
development:

Radiator size and weight affect a
Radiator panel si1ze affects radia

pravide relatively umobstructed wi

Available Requires stor-

ag2 development

Ltitude control system
1on exchange with solzr panels,

EW to space.

fluid coupling
development

?

Reguires flexible Requires in
adgdition tHer-
ml storagd
devel npmenﬁ]

J
)

|

renewal technigue, Cost and mass
risk higher than 3.

Reguires development of coating
renewal techniques

Coating renewal may be a
contamination source for other
subsystems or experiments
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FORM 3A

ORiGEAL PAGE

DIs0-27u87-3  ORIGINAL PAGE g
OF POOR QUALTTY . OF POOR QUALITY
TECHROLOGY DHSCIPLIRE:  Integratior of Automated Housexeeping Funciions !
. . . . !
TECHMOLOGY ADVANCESENT GOAL: 10 reduce cost of maintaining the housekeeping functions on an early manned space statien
while enhancing crew safety and comfort. i
3
SPECIEIC TRADE; Compare costs and berefrts of four options. {1} resupoly T1¥e support & regulated power & thermal, {Z) change to regeneraiTie
* Tife support. {3) change to automated vegererative 11¥e support and (4) 3nregrate autometed regenerative 1ife support
& electrical & thermel.
TRADE NUMBER
OPTIONS — DESCRISTION OPTION 1 OPTION 2 OPTION 3 ) OPTION 4
. Besypply Lafe Support Beasperative Life Support Autonatad Regenerative Integration of Automated H/K

PERFORMANCE PARAMETERS

POWER CONSUMPTION
OTHERS
» Shuttle Payload

o Monitor/Control Effort
)
SAFETY IMPACTS
LIFETIME 1MPACTS
MAINTAINABILITY IMPACTS
RELIABILITY IMPACTS

CO8T (Lafe Cycle Est. p——y

I
MASS -
RISK: E

i
APPLICABILITY TO MULTIPLE
PLATFORM TYPES

TECHRNOLOGY READINESS LE\«'EI:l |

INTERRELATIONSHIPS WITH
OTHER SUBSYSTEMS

AL 4D0D watts

150,000 ibfyear

27,000 man hrs/year

bepends on shuttle flights-Tow
Simpie syst shoyld Tast-med,
Simple syst fairly maintainable
Simple syst fairly réliable if
shuttle 15 assumed reliable

131 million/year resupply
2.4 miltion/year menitor manpue

2 million/vear maintenance
$115,4 miltion/year total est.
Storage of 90 day supply air &
water 38,000 ib,
Shuttle Taunch dependent

Good
It's available

Pyretiy much separate

At 17,300 watts

10,000 1h/year

220,000 man hrs/year

Complex syst, human monitor
(some better than 1)

More complex syst (not as good
as 1

Mare complex may be a bear

(much worse than 1)

More complex - much worse than 1

S 7.1
18.8

mition/year resupply
willion/year monitor man-
Pawer
mltion/year maintenance
m 1 iton/year total ast.

;
On-board regenerative EC/LSS
hardware & suppiies = 14,700 1bs
High level of tech. developement
Somewhat unique
Lab simulator exists extensive
f1ight equip. devel. needed

20
5.9

Some interrelationship 1n
function & design

At 19,000 watts

10,000 1b/year

27,000 man hrs/year

Complex syst with complex con-
troller (not as good as 2)
Sti17 more complex {not as good
as 2)

St111 worse - not as guod as 4

5t117 move complex - worse than
2
$7.1 willion/year resupply

12 mwillion/year monitar manphr
5o nillion/year matntenance

At 20.000 watis

8.000 1b/year

2,000 man hrsfyear

Controlier problems worked
(about the same as 2}
Maintainab111ty predictians
(some better than 3)
Predictors might help

(some better than 3)

Abaut the same as 3

S 5 7 m1hanfyear resupply
(B million/year monitor manpwr
21 million/year majstenance

$41 1 million/year total est.

500 Tb reduction from 2 becausa
human interfaces heavier thar
automatic controls = 13,500 1bs
Higher level of tech. devel.
About same as 2

Some thinking has been done
extensive controlley devel nee

ded

About the same as 2

327.5m117on/year total est.

Same as 3 = 13,500 1b

§ti11 higher level of tech. devel.
A 1ttle wore unique than 2.

Concept only Extensive integratio
and management contralTer devel.

More than 2
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