General Disclaimer

One or more of the Following Statements may affect this Document

e This document has been reproduced from the best copy furnished by the
organizational source. It is being released in the interest of making available as
much information as possible.

e This document may contain data, which exceeds the sheet parameters. It was
furnished in this condition by the organizational source and is the best copy
available.

e This document may contain tone-on-tone or color graphs, charts and/or pictures,
which have been reproduced in black and white.

e This document is paginated as submitted by the original source.

e Portions of this document are not fully legible due to the historical nature of some
of the material. However, it is the best reproduction available from the original
submission.

Produced by the NASA Center for Aerospace Information (CASI)



30 SEPTEMBER 1975

MANNED ORBITAL SYSTEMS CONCEP1S STUDY

BOOK 3 - CONFIGURATIONS FOR
EXTENDED-DURATION MISSIONS

Ae - 07 10

MCDOPNELL DOUGLAS ASTRONAUTICS COMPANY-WEST
5301 Bolsa Avenue, Huntington Beach, CA 92647



e s Mt 3 e TS e R L PR

FOREWORD

The basic MOSC Study encumpassed a 9-month effort which examined the requirements for and established the
definition of a cost-effective orbital facility concept capable of supporting extended manned operations in Earth
orbit beyond those visualized for the 7- to 30-day Shuttle/Spacelab system. The study activity was organized into
the following four tasks:

Task 1 Requirements Derivation

Task 2 Concepts ldentification

Task 3 System Analysis and Definition
Task 4 Programmatics

In Task I the payload and mission requirements were examined for manned orbita systems with operational
cupabilities beyond those presently planned for the Shuttle/Spacelab program. These research activities were trans-
lated into characteristics of representative grouped payloads, including physical and operational parameters. The
munned approach to research implementation was emphasized, as well as the lessons learned from previous Apollo
and Skylab experience.

The second study task originally centered about the identification and definition of attached #nd free-flyer manned
concepts to sutisly the requirements evolved from Task 1. Based wpon the muterial presented in the first formal
briefing, the study was redirceted 1o conclude work on the attached mode of operation and concentrate the remain-
ing effort on free-flying concepts.

Task 3 provided detailed definition of the baseline MOSC concept and the critical subsystem areas to a level required
for subsequent programmutic analyses.

Task 4 developed project cost and schedule milestones related 1o the baseline concept in order to provide NASA with
data vseful for long-range planning activities and program analyser,

The study results are reported in four books, Book 1 presents an exceutive summary and overview of the study;
Book 2 describes the derivation of requirements; Book 3 describes configuration development; and Book 4 describes

the programmatic analyses.
Questions regarding this report should be directed to:

Donald R. Suxton

MOSC Study Manager, Code PS 04

National Acronautics and Spuce Administration

George C. Marshall Space Flight Center, Alubama 35812
(205) 453-0367

or

Harry L. Wolbers, PhD

MOSC Study Manager

McDuonnell Douglas Astronautics Company
Huntington Beach, California 92047
(714) B96-4754
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Section 1

INTRODUCTION

The next major step in this hation's manned space program will be a long-
duration orbital facility which will extend the available manned mission stay
time well beyond the 7- to 30-day periods currently projected for the Space
Shuttle/Spacelab system. The Manned Orbital Systems Concepts (MOSC)
Study has examined the reguirements for extended missions and defined
feasible approaches to achieving the goal of a permanent manned orbital
facility with regular crew exchange, resupply of consumables, and a con-
tinuous scientific and applications program. This document describes the
configuration concepts examined, the systems analyses conducted, and the
subsystem definitions developed during the MOSC Study. The recommended
orbital facility developed in the study is tentatively scheduled for an IOC in
late 1984, thus the vehicle and subsystem concepts would follow chronologi-
cally the Space Shuttle/Spacelab, and can be expected to benefit from the
proven hardware, technology, and operational experience of those programs.
In conjunction with the Shuttle/Spacelab, MOSC should Lecome an integral
element as well as an essential building block in a new era of manned opera-

tional space actlvities.

The development of a rational and efficient approach to achieving extended-
duration manned space flight must start with an understanding and identifica-
tion of the spectrum of operational requirements that will be encountered.
Cnce such factors as flight duration, orbital altitudes and inclinations, and
general systems support are identified, it bec.omes possible to formulate
conceptual approaches for the development of manned systems serving the
needs of future missions. The initial study activity (MOSC Study Task 1) was
directed toward identifying the operational requirements anticipated for the
1984-91 time period. Following the establishment of representative and

reasonable requirements, key guidelines regarding configuration concepts




were considared; then the following basic questions were addressed:

1, Can the requirements of extended-duration manned missions be
most effectively met by extending the basic Orbiter/Spacelab
concept to longer missions (1, e., greater than 30 days)?

2. What are the minimum configuration requirements for an alterna-
tive manned orbital system to accomplish the operational objectives?

3, How effective is a given alternative orbital facility concept in

accomplighing the identified program objectives?

Included in this book are the results of the trade studies and preliminary
analyses conducted to answer the above questions for both the orbital vehicles
and their subsystems. Major emphasis was placed on minimum cost, crew
safety, vehicle conceptual design and design cormimonality, and growth

flexibility for increased capability in advanced missions.

The technical investigations reported in this document were conducted under

MOSC Study Tasks 2 and 3, which are sumimarized helow,

Task 2 encompassed three steps: (1) identification of candidate concepts,
(2) generation and analysis of detailed comparative tradeoff data, and (3}
evaluation and selection of the concept which most effectively meets the
MOSC requirements. This task originally centered about the identification
and definition of both Shuttle-attached and free-flying concepts to satisfy
the requirements evolved from Task 1, Payload Definition and Requirements.
Based upon the analysis of the operational requirements defined in Task 1
and the limitations inherent in the attached-mode operation, the study team
was directed early in the study to conclude work on the attached-mode
operation and to cencentrate the remaining effort on free-flying concepts.
The extended-duration attached-mode concept trade study data which sup-

ported this decision are summarized in Appendix D.

Task 3 had the primary objective of providing detailed definition of the most

effective concept identified in Task 2 that would be capable of supporting
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the full spectrum of MOSC mission and payload requirements. This definition
was to be carried to a level which would enable subscquent programmatic
evaluation and thus included mission operations, subsystem characteristics,
and interfaces among the elements of the MOSC and the Orbiter.

The remainder of this book describes the configuration analyses conducted

during the study. In Section 2, the payload and program requirements which

-provided the starting poiat for the conceptual design are described. In

Section 3, the important considerations driving the vehicle and subsystem
configurations are discussed. Section 4 describes the free-flying concept
development, and Section 5 describes the recommended baseline 4-man
MOSC configuration and the associated subsystems. The salient points of
the technical work accomplished in the prelimin=zry definition of selected
subsystems and vehicle concepts are presented in similar format for each
subsystem area. In the subsystems section, for example, the following
sequence is typically followed: (1) requirements, (2) candidate concepts,

(3) recommendations, and (4) baseline subsystem descriptions.

Section 6 describes the operations analysis and Section 7 describes the

evolutionary plan for furure missions.

The aprnndixes provide supplemental detail on safety criteria and require-
ments (Appendix A), Space Shuttle payload accommodations {Appendix B),
Skylab candidate hardware which could be utilized in advanced missions
(Appendix C), a summary of the Shuttle-attached mode considerations (Appen-
dix D), a limited~duration {three~rnan) concept (Appendix E}, and a growth

(six~-man) concept (Appendix F).

Study results and recommendations must be cvaluated and compared within
the context of the fundamental guidelines and the major assumptions used in
performing the analyses and/or developing the conceptual designs. There-

fore, to provide such a frame of reference for the material to be discussed,



the original study guidelines are summarized as follows:

e Major emphasis will be placed on minimizing cost

o Emphasis will be placed on manned missions >30 days

e Initial operational capability is to be late 1984

e  All payloads will utilize Space Trunsportation System (STS) as the
launch vehicle

® Available hardware and technology ~ Orbiter/Spacelab/Skylab - are
to be utilized insofar as practical

® JSC 07700, Vol. XIV, Revision C and Spacelab Accommodations
Handbook will be u;ied as capability guides

[ Weight constraints per flight are 65, 000 pounds (29, 484 kg) launch
and 32, 000 pounds (14, 515 kg} planned landing
Modules for resources and hahitability will be considered
Multiple flights and the Shuttle remote manipulator system (RMS}
will be considered for assembly buildup

® Payloads and payload groups, as identified in the initial study task,
are to be accommodated

e Payload (and/or module) accommodation will consider resupply of
expendables, changeout at experiment level, on-orbit service, and

changeout at MOSC module level (dedicated).

Of the preceding guidelines, minimum cest had the most direct influence
inasmuch as it mandated the application of available hardware where
feasible, e.g., Shuttle Orbiter communication subsystem major com=-
ponents, Solar Electric Propulsion Stage (SEPS) solar arrays, and the
Apollo Soyuz Test Project (ASTP) international docking assembly. The
development program cost evaluation substantiated the value of utilizing
available hardware, particularly when the items are fully compatible with

the MOSC-class mission and the Orbiter's environmgnt.



Section 2

PAYLOAD AND PROGRAM REQUIREMENTS

The development of viable orbital facility concepts requires the coordinated
accommodation of the operational requirements that ""drive'' the design.
Those requirements having a direct effect on the MOSC class of orbital
facility were divided into three primary categories: (1) payload and program
requirements, (2) venicle and subsystem configuration drivers, and (3) Space
Shuttle payload accommodations and flight performance. Item 1 is discussed
in this section and Items 2 and 3 are described in Section 3 and Appendix B,
respectively.

The successful and efficient conduct of a payload program is directly depend-
ent upon the level and flexibility of the subsystems support and vehicle accom-
modations; therefore, during the MOSC Study, payload and program require-
ments received full consideration in both definition of the vehicle concept and
establishment of subsystems performance. The payload requirements were
adjusted only to conform to established Shuttl: discretionary payload capacity

and cargo bay installation envelope.

The 19 reference MOSC payload combinations* which were used to provide
the basic operational and design requirements for the remaining study tasks
are listed in Table 2-1. Also shown are the major operational and physical
characteristics/requirements for each payload described. The variance
between the launch and landing payload weights is indicative of the expend-
ables (cryogenics and fluids) utilized during the conduct of a flight or mission
segment. The crew manhours listed represent a measure of the crew's
relative involvement in activities necessary to perform the tasks required

in the payload operation.

#*See Book 2, Requirements for Extended-Duration Missions, for further
detail on these payloads. : : :
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Table 2-1

MOSC PAYLOAD COMBINATIONS

(F&iagoh{b) Avg Miss. Orbit
Crew ! Volume Pwr Dur Alt Inclin i3
Payload Description Manhours Up Down (£t3) (kW) (days) (nmi) {*) ;{’
c1 IR Astronomy 1,454 31 25 4,500 1 80 216 28 —
c2 UV Astronomy 3, 845 24 14 1,100 1 140 248 28 !
C3 Solar Observations 4,187 15 14 1, 000 1 160 216 28 |
c4 Space Sciences 1 2,070 17 15 2,700 2 70 216 90 ?
C5 Space Sciences 2 1,608 16 12 2,200 2 80 216 90 —
Cé AMPS/Earth Science 3,280 24 14 1,900 2 120 200 90
C7 Space Technology 884 26 17 2,300 10 40 200 28
C8 Cloud Physics/Technology 882 15 13 2,000 1 50 100 28 :
C9 Earth Science 1 851 25 24 6,100 2 50 200 90 T
Clo Earth Science 2 690 26 26 6,000 2 80 200 90
C11 High-Energy 1,118 20 20 1,200 1 70 135 28
Astronomy/Technology
Clz Life Science/Technology 1 8,289 100 66 13,300 10 400 200 28 -
Cli3 Life Science/Technology 2 4,039 81 60 10, 600 6 200 200 28
Cl4 IR/UV Astronomy 1,427 45 17 2,000 2 120 162 90
Cls UV Astronomy, Advanced 585 24 16 1,000 1 50 162 90 -
Clé6 Cosmic-Ray Lab 5,800 50 37 5, 600 1 360 200 28
C17 LD Life Science Lab 23,200 39 34 2, 600 8 720 200 28
C18 Advanced Technology 493 8 7 1, 600 2 45 200 90 ‘
C1l9 Space Manufacturing 11,000 7 [ 200 5 900 200 90 —_
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The prime consideration in grouping potential payloads into these 19 categories
wag the commonality of the scientific objectives and/or application areas to be
considered in the conduct of the orhital activities. Compatibility between and
among the various disciplines was assessed in terms of classes of activities
and common functions (i. e., remote sensing, in-situ investigations, environ-
mental perturbations, whole.body research, etc.). Mission requirements,
desired orbital altitude and inclinations, common environmental requirements,
and similar crew assignments and functions were also considered. In addition
to equipment and operational factors, crew skills were evaluated in the group-
ings insofar as a reasonable cross-training among the crew members for

payload operations and servicing appeared feasibile.

In several cases, where one or two payloads exhibited a requirement that
extended slightly beyond the normal band, deviations were accepted. This
approach was taken in order to avoid excess capacity, development of a new
or larger component, etc. A case in point is the electrical power to be

supplied to the payloads.

The summary table indicates that power levels of approximately 6 kW satisfy
all but three payload groupings which require 8,0 to 10.0 kW. The SEPS
foldout solar array, which is currently under development, will supply suf-
ficient power for the subsystems (approximately 4.2 kW) and most of the
payloads. At the beginning of solar array life, the power available to pay-
loads is approximately 8.5 kW. If a minimum 5-year degradation of 10 per-
cent is assumed, the payload power would be reduced to approximately 7. 5 kW.
However, during the first 2-1/2 years adequate power would be available, and
during the last 2-1/2 years the power system comes very close to supplying
the C-17 {(Long-Duration Life Science Laboratory) 8. 0-kW payload demand.
Under the most severe degradation assumed - 25 percent in 5 years -~ approxi-
mately 5.5 kW would be available at the end of the period. For this condition,
the 10. 0-kW payloads — C~7 (Space Technology) and C-12 (Life Science Tech-
nology No. 1) —would require adjustments in subsystem and payload power use

scheduling or, if necessary, a supplemental power source would be provided.



The evaluation of the payloads which prefer missions of longer duration, as

described in Book 2 of this report, established the following general design

criteria:

Flight Duration: Support 720-day missions
Crew Size: Up to four specialists per payload group
Crew Rotation: 90-day nominal; 180-day maximum unless additional
time is required for biomedical research subjects
Payload Power: 8.5 kW (supplemertal to 10,0 kW)
Orbit Altitude: 200/230 nmi nominal
Orbit Inclination: 28.5° /90°
Altitude Change Capability: +95 nmi (28.5° -~ subsynchronous and
low-altitude payloads)
Platform Orientation: All attitudes, vehicle pointing to 0. 1° accuracy
Onboard Disturbance Levels: <10™° g
Contamination: Equivalent to 100, 000-class clean room (pressurized
module)
Data Management: Real-time 5 MHz; recover hard copy, film, tapes,
materials; closed-circuit TV
Communications: Real-time to payload control centers
Accommodation Features:
Two-man EVA on routine basis
Scientific/equipment airlock
Payload equipment fully accessible
Modularized payload carriers
Cperational Features:
Dual crew escape routes from all modules
Exchange payload specialists
Multiple/simultaneous active payloads
Return all or part of payload equipment
Resupply payloads

Double-ended, universal docking provisions
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The following general program requirements which had a direct effect upon
the design criteria were established as study guidelines:

Economy: Effective utilization of existing hardware and technology |
Schedule: IOC late 1984 at 28.5° orbital inclination, 1986 at 90.0°.
Design Flexibhility: Provide for evolutionary growth

Reliability: Nominal 5-year system orbital operations life

User community: International utility, scientific, technological
applications, industrial/commercial operations,
space systems servicing and support

® Weight estimates: Include 10 percent contingency on new hardware.

The application of the design criteria and program guidelines to this study
determined that the STS can adequately support the Space Station mission, and
both orbital vehicle and subsystems can be configured from existing hardware

or technology to successfully accommodate a major payload program.




Section 3
VEHICLE AND SUBSYSTEM CONFIGURATION DRIVERS

The significant factors which were considered and collectively applied in the
configuration selection and the conceptual designs are the following:
Payload support requirements (discussed below)

Application of available hardware/technology (see Section 4)
Habitability requirements (see Section 5)

Crew safety requirements (discussed below)

Shuttle Orbiter performance and characteristics {see Appendix B)

Mission/orbital parameters (see Section 2)

Of these factors, crew safety was considered to be of paramount importance
in the conceptual design process., It was found that the application of crew
safety requirements had more influence on the vehicle configuration definition
than in subsystem selection and design. Generally, the subsystems- could
be modified or an operational or performance feature added which fulfilled
the safety requirement. Complete documentation of the design and operations
safety criteria and requirements which were utilized in the study may be
found in Appendix A. The key safety items are summarized as follows:
¢ No single malfunction will result in loss of personnel or vehicle
e Subsystems must fail-operational to continue mission and fail-safe
to permit rescue
e EVA equipment and emergency support will be available under a
single catastrophic condition —4 days* of emergency life support/
consumables will be provided
¢ One docking port with a two-man airlock or equivalent will be avail-

able for emergency rescue under single-catastrope conditions

*The original study guidelines indicated that the emergency Shuttle turnaround
time would be 4 days (96 hours) and this figure was used in the MOSC Study
for sizing emergency support provisions. More recent data have suggested
that 160 hours might be a more realistic estimate. Future provisioning
studies should base emergency supplies on a 160 -hour requireraent.
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Modules will be isolatable for hazard control and rescue
ECLS subsystem will have sufficient capacity to repressurize any
one module

® Secondary structure and internal equipment will provide access for
damage control and repair

e High-pressure bottles/tanks will be located outside of and as remote
as possible from crew working/living areas

° Docking hatches will provide a clear opening at least lm in
diameter

¢  Shirtsleeve inspection, maintenance, and repair of docking assembly

mechanisms will be provided.

A major safety-related influence on the vehicle configuration was the require-
ment for individual modules which can be isolated and provide crew life
support during the mounting of the rescue mission. For initial sizing, the
Shuttle baseline of a 4-day turnaround and launch capability was applied to
establish the basic support period to be provided. In addition, under most
emergency conditions residual consumables would be available to extend the
basic period, if required. However, should Shuttle turnaround times be
extended, the emergency supplies should be adjusted accordingly. An addi-
tional element in this consideration is the requirement for a Shuttle docking
capability under single~catastrophy conditions. This demands that a docking
port be installed at both outboard ends of the assembled vehicle, regardless

of the number of modules,

Although the key safety criteria were compiled within all areas of the basic
vehicle design, the international docking assembly (IDA), which is the basis

for both the modular assembly and Shuttle docking, does not fully conform to the
applicable criteria. It does not meet the requirement for a 1-m clear open-
ing, as its present opening is approximately 31.5 inches (80 c¢cm). This may

be marginally acceptable for long~duration activity; however, a detailed
evaluation must be conducted to obtain qualifying data. In addition, the IDA
cannot be maintained under '"shirtsleeve'' conditions in a pressurized area.

This feature is important for core vehicle modules which would be scheduled

to remain in orbit for up to 5 years.
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Pavload support requirements, mission orbital parameters, and Shuttle
Orbiter performance were primary in the selection of subsystem technology,
e.g., open~ versus closed-system approach, level of performance, and
sizing. In close relationship with these factors was the availability of cur-
rent hardware or technology, which was a prime factor when related to

program cost comparison and confidence in selected subsystem performance.

To control cost and to ensure that performance requirements were met in the
development of the MOSC vehicle configurations, the study team utilized
Orbiter/Spacelab technology where feasible. The resulting MOSC vehicle
configurations are based on variations of the basic modular elements and have
the capability necessary to support the identified payload program. The
mission guidelines and operational characteristics which were derived from

the payload requirements analyses (Book 2) are summarized in Table 3-1.

3.1 ROLE OF MAN IN LONG-DURATION ORBITAL OPERATIONS

The Task 1 analysis clearly indicated that the two most important roles of
the crew in orbital operations were maintenance and operations control. In
the crew assignments for the 19 combination payloads selected, 23 of the

60 crew positions could be filled by crewmen with electromechanical mainte-
ance and servicing skills, With regard to man's role in the control and oper-
ation of the orbital equipment, the crewman's presence and his overview and
direction of orbital scientific and applications activities improves the quality
of the activities and/or increases the knowledge gained. Two other functions
of the crewmen in the MOSC would be the perénrmance of IVA transfer and
resupply operations and the performance of EVA operations, both in scheduled

timelines and in unscheduled maintenance/ repair activities.

3.1.1 Orbital Maintenance

Between one-third and one-half of all the tasks assigned to the crew on the

19 combination payloads of Task 1 involve maintenance, servicing, and
calibration of the orbital equipment. By using the capabilities of the crew,
the equipment can be basic in design, less complicated, and lighter in weight
than equivalent unmanned-~-automated operations. In summation, the role of

man in maintenance operations has a two=-fold purpose: (1) to allow lighter,
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Table 3-1
MISSION GUIDELINES AND OPERATIONAL CHARACTERISTICS

L I. MISSION/VEHICLE DESCRIPTION
; ® Vehicle Orbital Life 5 years or more
' ® Resupply Period 60 to 90 days
e Crew Size 3to b
® Power Level
- Total 25,0 kW
- Bus 12, 5 kW at beginning of life
‘ ® Number of Modules 2to 4
® Pressurized Volume Short module
Long module
) Number of Pallets 1to 3
¢ Orbital Altitude 200 nmi nominal
¢ Orbital Inclination 28. 5% 9p°
e  Vehicle Orieatation All axes
® Docking Mechanism ASTP international docwing assembly
II. OPERATIONAL CHARACTERISTICS

. ® Cabin Atmosphere
i Composition {Air)

Pressure 1 atm

Humidity 43°F (6°C) DP to 60% RH
: Temperature 65 to B0°F (18 to 27°C)
l CO, Level 5.0 mm Hg maximum

! Il. EXPERIMENT REQUIREN

® Pressurized Equipm:

Pressure 1 atm
Humidity 60% maximum
Operating Temj 5
(typical range Upper end 70° to 140°F, 294 to 313 K
Lower end 32° to 72°F, 273 to 295 K
® Unpressurized ~ pz nted!
Operating Terr 25
{typical rang -280° to 203°F, 100 to 368 K
e Number of EVAs 1 every 20 days - 2 crewmen?
®  Scientific Airlock 1 every 7 days (5T=-21-5 only)3
Repressurizations
1Pa11et-mounted equipment 28 further installation design and analyses
to define the passive- vers ve-cooling requirements,
2p preliminary survey of th riments that require EVA, e.g., EO-05-S Shuttle
Imaging Microwave System anna deployment, CN-085 Open Traveling-Wave Tube =
hoom deployment, and phot pment that will require film ratrisval and reloading,
determined that one EVA pe :ry 20 days would meet the requirements.
3Deplnyment of photometer a V camera for barium cloud studies.
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simpler equipment designed for performance of maintenance and servicing
operations and (2) to raise the probability nf mission success through crew-
performed maintenance and service operations, However, it should be noted
‘that crew overuse for maintenance operations at the continuing expense of
control functions and/or research-related duties must be aveided. It will be
necessary during real-time mission planning to continually optimize man's

role as the particular mission goals change.

3.1.2 Control of Operations

As noted above, the control of orbital operations is one of the more important
crew responsibilities, In controlling operations, the crew members have two
primary roles: {1) to direct overall operation of experiments and (2) to improve
the quality of the data obtained and returned. In such areas as space
processing, life sciences, and space technology, the Skylab crew would often
control or modify the experimental activities based on what was occurring in
the experiments. In the areas of observation, such as astronomy, high-
energy physics, meteorological research, and Earth observations, the crew
would direct the observations to improve the quality and quantity of the experi-
mental data. During the Skylab missions, for example, the ATM console
operator, by observing and selecting what was to be recorded, enhanced the
data return. In another case, during the third Skylab mission, the crew was
able to utilize a solar and Earth observation facility by reorienting the vehicle
and going EVA to observe the comet Kohoutek, If the Skylab program had
instead been two separate unmanned programs, one for solar observation and
one for Earth observation, it is unlikely that either would have been capable

of modifying its operational performance to observe the comet.

3.1.3 IVA Operations

Intervehicular and intramodular consumables transfer and resupply operations

is an area where man's capability can be augmented through weightlessness
in space. The Skylab crew repeatedly moved items with large mass (over
250 pounds) with much less effort and fewer control problems than had been
anticipated. The MOSC vehicle configuration made use of Skylab experience
in utilizing man to facilitate regularly scheduled transfer and resupply

operations,
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3.1.4 EVA Operations
Extravehicular operations have been and will continue to he costly in terms

of crew time and consumables required and, therefore, the requirement for
EVA opeiztions should be carefully reviewed and optimized. However, in
both normal service (e.g., film retrieval and reloading of cameras) and
unscheduled repair, the crew has proved to be indispensable by performing
EVA operations. Where experiment equipment requires remote deployment
or service functions, EVA may be the most economical approach. In the

case of Skylab, EVA operations proved critical to mission success.

3.1.5 Design Ilmplications
The following design guidelines for the MOSC hardware and operations have

been drawn from manned flight experience to date. The guidelines are nnt
intended as all-inclusive, but they do highlight some of the more important
observations from programs such as Skylab.

® In designing for maintenance, the handling of many small, loose
pieces should be minimized,

e In operations control, the crew member should be assigned the
tasks that make use of his overview in decision-making and leave the
simple repetitive tasks to the automated equipment,

[ To expedite resupply operaiions, the mass of supplies to be moved
should be as large as possible within the size limitations of the on-
orbit transfer path.

® EVA accommodations shoiald allow for access to the entire exterior

of the vehicle.

3.2 SPACE SHUTTLE PAYLOAD ACCOMMODATIONS

The Shuttle Orbiter performance and payload bay accommodations directly
affect the configuration definition and interface considerations of the MOSC,
These Shuttle Orbiter characteristics are shown in Table 3-2, together

with the spacecraft characteristics and subsystem affected. The major

items are identified in the table. A primary and secondary study application
indicator is included in the table to show those primary characteristics con-
sidered during analytical evaluation in this initial study and those that rnust be

applied to detail preliminary design in a subsequent study phase. For

16



1
.

i
i
i
i
i

—

™ e g * N IR

Table 3-2

SHUTTLE ORBITER INTERFACE AND PERFOR™{ “™CE
CHARACTERISTICS VERSUS MOSC REQUIREMLN" S

B

Space Shuttle
Operation Eleaments

Space Shuttle

Characteristics Primary

MOSC Study
Application

Secondary

MOSC Spacecraft, Subsystem,
or Operational Effect

1.  Shuttle Orbiter
Cargo Bay

2. Prelaunch
Operations

3,0 Launch and
Landing Loads

4,0 Orbital Mission
Operations

1.1 Installation clearance X
envelope 15-foot diameter

% 60 feet long, less

7.5 feot for docking

mpdule, leavas 52.5 feot

clear installation length.

(Ref. Docking Module,

Para. 1,4}

1,2 Payload installatlon
structural support and
mounting details

1.3 Center of gravity X
envelope

1.4 Docking module X
envelope and function

2.1 Horizontal access in
Orhiter processing facility —
MOSC installed in Orbiter
cargo bay (Ref. Para. 1,4)

2,2 Vertical access on
iaunch pad

3.1 Launch loads

3,2 Landing loads X

4,1 MOSC deployment with X
the remote manipulator
system

4.2 Final subsystem
chockout and crew

transfer
4,3 Orbital rondezvous and X
docking
4.4 Shuttle performance X
4.5 Single rumote man~ X

pulator system

1,1 Controls the total length of
modules assembled for a single
launch and the arrangement and
length of specific modules and
pallets,

1.2 Preliminary basis for spaco-
craft mounting 1s equivalent to the
Spacelab mounting system based en
structurally determinant support.
Sufficient flexibility exists in the
mounting provisions to meet the
various module arrangements,

1,3 Module and function relation-
ships were arranged to meet the
spacified eriteria within a +20
percent tolerance on weights,
Location of major components or
consumables will ensure proper
location of center of gravity.

Primary method for attaching a
MOSC module in orbit supporting
initial orbital checkout, crew
transfer, and rescue,

2.1 Same basic access as Spacelab —
through airlock and docking module,

(TBD)

3,1 MOSC is not limited by the
65K launch capability

3, 2 MOSC core vehicle gross
weights including w15 days of con=
sumables are within £10 percent of
the 32K pound for the heaviest
modular assembly, which msets

the planned Shuttle Orbiter landing
load requirement; however, MOSC
core vehicle modules are not
intended to be returned in othor than
an emergency situation. :

4,1 Deployment from Shuttle Orbiter
bay is with the remote manipulator
system, which docks thea MOSC to

the docking module.

4,2 Docking intesface on docking
module would provide checkout
control and data transmiseion and
allow IVA crew transfer.

4.3 Shuttle docking dynamics were
used in sizing MOSC propulsion
subaystem, Shuttle RCS payload
contamination potencial identified
during study

4,4 Shuttle payload capability
versus altitude determined maxi-
mum operational altitude

4.5 Neceasitates utilization of
QOrbiter docking moduie for most
orbital assembly/disassembly
operations.
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convenient reference, a summary of the pertinent requirements from
JSC 07700, Space Shuttle System Payload Accommodations Report, which
were applied in developing the preliminary MOSC configurations, is provided

in Appendix B,

3.3 PAYLOAD ENVIRONMENTAL PROTECTION

The Shuttle interface impacts upon representative payload class and config-
uration concepts were investigated for active thermal control, cleanliness
criteria, EMC tolerances, acceleration levels, and radiation protection.
Table 3-3 lists the key requirements for environmental protection of payloads
and MOSC elements launched by the Shuttle., The MOSC module and payload
data were derived by the study team specialists and or from documentation

from previous programs.

The only significant radiation source apart from the naturai phenomena
(radiation belts or solar flares) defined in this and previous studies is the
possibility of a nuclear power source. If this caididate power subsystem is
selected, it could have significant impact on the Orbiter; however, the shield-
ing required would be payload-provided and payload-weight chargeable.

Sinall radioisotopes will be used in some life science payloads, but their
radiation levels would be at a low level, precluding a significant shielding
requirement. Many of the experiments are sensitive to radiation, expecially
the UV and IR telescopes and the communication/navigation experiments.
However, the exposure levels inside the Orbiter bay will normally not exceed
the allowable levels for these experiments. A possible exception can occur
during solar flares when limits could be exceeded. Some types of highly
sensitive film could be affected by radiation; however, this requirement will
not have an impact on Orbiter design. If a film vault is chosen to protect the
film, the vault will be mounted in the MOSC, The advisability of including

a film vault will require additional evaluation. Skylab experience demon-
strated that film vaults were not fully effective because of secondary radiation
caused by high-energy-particle impacts in the shield material. However, the
quality of photographs was good because of special techniques and image

enhancement procedures.
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Table 3-3 {(Page 1 of 2) g
zé
PAYLOAD ENVIRONMENTAL INTERFACE CHARACTERISTICS i
>
Radiation Thermal Control Electromagnetic Compatibility Maximum Particle ﬁ
Acceleration  Contamination v
MOSC Payload Combination Source Sensitivity Launch Entry Conducted db pv  Radiated db W/MZ g Cleantinessi ) "
c-1 Press.  None 2.78 E-9 Tfkgas(® Inactiva Inzctive 0.1 90 5 100 K ;|
IR 7.2 E-5 J/kg(3) TBD 30 4
Astronomy Unpress. None 2,78 E-9 Jfkg-s Inactive Inactive 0.1 90=- 5 1K -
o0 7.2 E-3 I/kg TBD -90 2
o % G-z Press. Nome 2.78 E-11 Ifkg~s Inactive Inactive TBD -120 5 100 K ¥
v ""5 U 1.7 E-5 J/kg
“E Astronomy Unpress, Mone 2.78 E-11 J/kg-s Inactive Inactive TBD -90 5 1K
8 7.2 B-5 Jfkg "
== F C-3 Press. None Insensitive (1) Inactive Inactive 30 140 at 30 Hz; 5(2) 180 K
Solav 1000 J/kg 20 at 3E + 04 Hz
D g Ohaervation Unpress, None 1.5 E-6 J/kg-8 Inactive Inmactive 30 140 5(2) 5K
(=] > 0.019 J/kg g
Q C-4 Press, None 4,1 E-8 J/kg-s5 Inactive Inactive 0 ] 4 100 K H
E Space 0,02 Jfkg i
E Science f1 Uopress. None 1.4 E-10 J/kg-s Inactive Inactive 60 20 at 30, 000 Hz 4 50 K
1.1 E-4 J/kg :
1
- C-5 Preas. None 1.7 E-B J/kg-s Inactive Inactive Ref. Mil Standard 461A
© Space 0.01 T/kg-3 N 100 K —
Scieace #2 Unpress. None 1.4 E~10 Ifkg-s Inactive Inactive Ref. Mil Standard 4614 . 50 K :
1.1 E-4 Ifkg
C-6 Pross, None 4.1 B-B J/kg Inactive Inactive @ (1] 3.5 100 K :
AMPS 0.02 I/kg ;
Earth Science Unpress. None 1.4 E-10 J/kg-8 Inactive Inactive 6u 20 at 30,000 Hz 3.5 50 K 3
1.1 E-4 I/kg :
c-7 Press. None Manned Level Inactive Inactive TBD TBD 4 00K i
Space Acceptable —
Technology Unpress. None Manned Level Inactive Inactive TBD TBD 4 100 Kt1) ;
Acceoptable :
-3 Press. None 1.7 E-4 J/kg-s Inactive Inactive MIL-STD491A  MIL-STD 491A 5 20K
Zero G 3.0 T/kg (TBD) MIL-STD 461 MIL-STD 461
Cloud BRYSICS  Unpress. None Manned Level Inactive Inactive MIL-STD-461  MIL-STD-461 5 100 K(2) :
echaclogy Acceptable i
Cc-9 Preas, None 8.3 E-6 T/kg-= Inactive Inactive MIL-STD-4614  MIL-STD-4614 £ 100 K i—-—.—
Earth 5.0 J/kg |
Science §1 Unpress. None 8.3 E-6 Jfkg-s Inactive Imactive MIL-STD-461A  MIL-STD-461A 3,5 100 K !
5.0 Jfkg :
i
€-10 Press. None 8.3 BE-5 Jfkg-s Inactive Inactive MIL-STD-461A MIL-STDH-461A 3.5 10K 4
Earth 5.0 J/kg :
Science #2 tnpress. 8.3 E=6 Jfkg-s Inactive Inactive MIL-STD-4614  MIL-STD-461A 3.5 10K :
5.0 Jfkg T
c-11 Prass. None No Inactive Inactive TBD TBD 5 100 K o
High Energy .
Astro. 1 Unpress. None No Inactive Inactive TBD TBD 5 1K

Technology
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Table 3-3 (Page 2 of 2)
PAYLOAD ENVIRONMENTAL INTERFACE CHARACTERISTICS

i
H
Radiation Thermal Control Electromagnetic Compatibility Maximum Particle ?‘
2 Acceleration  Contamination W
MOSC Payload Combination Source Sensitivity Launch Entry Conducted db pv  Radiated db W/M g Cleanliness! 1) ‘EZ(
C-12 Press. Radio- Manned Level Active Active Mzaned Level Manned Level 3.3 104 K }»
Life isotopes Acceptable Acceptable g
Science/Mate, Small 4
Tech, #1 Unpress. None Insensitive Inactive Inactive Manned Level Manned Levet 2.3 NiA f
Acceptable Acceptable
C=-13 Press. Radio=- Manned Leval Active Active Manned Level Manned Level 3.3 100 K 3
Life isotapes Acceptable Acceptable £
Science/Mate. Small i
Tech. #2 Unpress., None Insensitive Inactive Inactive FElements of this Elements of this 3.3 100K H
payload pose paylead pose :
patential source  potential source i
of EMI of EMI [
Ce=14 Press. None 2,78 E~11 J/kg-s/TBD Inactive Inactive TBD ~120 db W/M2 5 100 K
IR/UV 7.2 E-5 J/kg-TBD
Astronomy Unclass. None
C~-15 Press. None 2,78 E-1t J/kg-s/TBD Inactive Inactive TED -120 db W/M2Z 5 100 K
uv 7.2 E-5 J/kg-TBD {TBD}
g Astrogomy Unprass.
C~16 Press. None Emulsion Constraints Inactive Inactive 5 100 K
Casmic Unpress
Ray Laboratory P N
C-17 Presa. Radio- Manned Level Active Active Manned Level Manned Level 3.3 100 K
Long Duration isotopes Acceptable Acceptable
Life Science Small
Laboratory Unpress. Radio- Manned Leve! Active Active Manned Level Manned Level 3.3 100 K
isotopes Accepta.'e Acceptable
Small
Ay
c-18 Press. Noae B.3 E-6 J/kg-» Inactive Inactive MIL-S¥TD-461 MIL-STD-461 14 190 X
Adv 5 Ifkg (1)
Technalogy Unpreas. None 8.3 £-6 Tikg-s Inactive Inactive MIL-STD-461 MIL-STD-461 5 100 K
5 Tixg (1}
C-19 Press. None Manned Level Manned Level Manned Level 4 HOK
Space i (TBDO} {TBD)
Manufacturing Unpress. ‘None Manned Level Potential Source Potential Source 4 100 K .
of EML of EMI =
{TBD) (TBD)
Habitabikity Module None Film Yes if Life Sciences Yes if Life Sciences Design to 4 100 K
Subsystem Module Poasible No Poasible if nuclear None No Design to 4 100 K
if nuclear power
power
Logistica Module None Film None No None No Design to 4 100 X
Payload Madule Nons No None Na None No Design to 4 100°K T
”’Air Cleanliness class per Federzl Standard 2098 2 Data extrapolated from similar payloads {3 ate radiation rate #ynit dose
—




Life science laboratories require two types of active fhermal cooling from
the MOSC/Orbiter. The first is coldplate cooling for the electronic com-
ponents and certain experiment equipment items. The second is the cabin
cooling required because of the metabolic heat due to live specimens, The
cabin cooling requirements may cause problems, particularly dtiring the

launch or recovery of the payload.

To ensure that payload equipment will meet electromagnetic compatibility
requirements and be in compliance with the Shuttle and MOSC, it should be
designed to MIL: SPEC 461A. Sensitive equipment could provide its own
protection if the sensitivity requirement is greater than that required by the
MIL SPEC, Since the Orbiter also complies with this specification, no

incompatibilities are expected.

The acceleration levels listed in Table 3-3 range from 3.3 to 5 g's. These
values are compatible with the levels currently anticipated for all Orbiter
mission conditions except for crash landing. This condition of up to 9 g's in
the longitudinal direction exceeds the allowable levels for all payloads. The
crash landing condition, a containment requirement, i.e., the equipment can
fail but not cause damage to other payload or Orbiter equipment. Therefore,
the 9-g condition is not considered an operational incompatibility; however,
each payload must meet the crash-landing limit as well as the steady-state
limit, Each detailed analysis of the final design can ascertain if the steady-

state or crash=landing limits are controlling.

The Orbiter cargo bay provides the following cleanliness levels during pay-
load loading and checkout. Prior to payload loading the internal surfaces of
the cargo bay envelope will be cleaned to a visibly clean level, as defined

in JSC specification SN«C-0005. This cleaning will be accomplished using a
protective enclosure to isolate sources of contamination from critical regions,
This enclosure will be continuously purged with nominally Class 100, ‘
guaranteed Class 5000 (HEPA filtered) air per FED-STD-209B and will con-

tain fewer than 15 parts per million hydrocarbons, based on methane equivalent.

The air within the enclosure will be maintained at 70 +5°F and 45 +5 percent
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relative humidity. The payload loading operation will be accomplished in
such a manner as to avoid contaminating the payload and cargo bay by
temperature, humidity, and particulates, consistent with other sections of

these requirements. More stringent particulate and relative humidity

requirements may be implemented on particular payloads pending technical

justification of the requirements.
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Section 4
CONCEPT DEVELOPMENT

The primary objectives of the vehicle configuration concept selection (Fig-
ure 4-1) effort was to: (1) conceive and evaluate potential configurations which
are responsive to the mission, experiment, and design requirements identified
in earlier portions of the study, and (2) to recommend one or more conceptual
approaches for analysis to a level required for programmatic cost and
schedule estimates. The key issues include: (1) providing a viable concept
meecting the requirements for crew sizes of 4 to 6, long-duration ( >30 days),
and responsiveness to a wide range of payloads (19 combinations for this
analysis), (2) utilizing man to enhance the approach, (3) considering a
balanced application of hardware developed during the Shuttle/Spacelab era
versus new systems or technology, and (4) providing concepts which enhance

future applications or growth versions.

CR28
OPERATIONAL |
EVALUATIONS
PAYLOAD OPERATIONS ANALYSIS : :‘E‘agTDEOC""‘G
REQUIREMENTS = o * MANIPULATORS
COMB WT(LB) CREW o MOSC 4-MAN BASELINE o ONE UNIT T
e i e e TWO UNITS
S e CREW TRANSFER
e SSPDA LEVEL A/B 7
o TASK1 |
CONFIG OPTIONS CVALUATION DATA
] ak 2
;2,:}’83&”“” . PAYLOAD CONFIGURATION MOSC 4 MAN
|| | cONCEPT DEVELOPMENT —
=N =F-E- BT | e CRITERIA OPTIONS
i 44 ket fud i HE RS f- e COST - .
a0 = ITL . LAUNCH1 3 e
e nDy (O EFFECTIVENESS
SYTEESTVE LAUNCH 2 m—'tﬁ e
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| ] re i STUDY
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o REQUIREMENTS 4
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o RECOMMEND
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Figure 4-1. MOSC Configuration Concept Selection
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To consider these issues and develop a conceptual space station design within
that framework, the following three primary tasks were undertaken: (1) con-
cept options were identified and compared, (2) detailed subsystem comparative
tradeoff data were generated and analyzed (see Section 5), and (3) the

vehicle concepts most effectively meeting the MOSC study and design

criteria were identified and evaluated, and a baseline concept was selected,

In the study, both Shuttle-attached (extended Orbiter/Spacelab) and free-flying

concepts were considered injtially in an atfempt to satisfy the payload require-

ments for extended-duration missions.

In approaching the juestion as to the feasibility of exlending the basic Orbiter/
Spacelab concept to orbital periods greater than 30 days, it must be recognized
that Spacelab is not a single-vehicle configuration. The Spacelab concept
consists of several modules that may be assembled in different combinations
to accommodate specific payloads. Spacelab has four haseline configurations
combining long and short modules and pallet segments as shown in Figure 4-2.

Other combinations are also described in the Spacelab accommodations hand-

MOSC sTUDY
CONFIGURATION NC.

(T

CR28

O

(&A%

Figure 4-2. Spacelab Basaline Configurations
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book. The initial evaluation step was to examine the basic Orbiter/Spacelab
capabilities and to determine whether special kits or multiple launches could

be used to meet the requirements for extended-duration missions.

it was concluded that for extended-duration missions (those beyond 30 days),
the down payload weight (landing) limitation of the Orbiter would necessitate
leaving portioas of the total system inorbit., Thus since a free-flying station-
keeping capability would appear to be required in either the Shuttle-attached
or free-flying modes of operation, the study team was directed by NASA to
concentrate the study effort on the free-flying mode of operation. The trade-

off analysis supporting this conclusion is presented in Appendix D,

4,1 CONFIGURATION CONCEPTS

A wide range of potential free-flying concepts would conceivably satisfy the
mission-payload needs as established in Task 1, In this initial evaluation, it
was necessary to identify basic mission concepts from which the selected
approaches could establish the baseline mission for vehicle and subsystem
configuration evaluation and selection, A matrix of possible concepts was
prepared for the free-flying mode of operations. This matrix served to
initially identify the concepts and was arranged to include the variations in the
functional requirements which are the major configuration drivers, These
basic influence factors have been established and confirmed by previous
manned space station studies and manned space flight experience. There are
other requirements (e. g., individual payload characteristics) which also
influence the configuration; however, the following factors ultimately have

the most significant effect on the general configuration and operational capa-
bilities of the concept: (1) mission duration, (2) crew size, (3) electrical
system power source, (4) mission mode, and (5) launch mode, e. g., a single
launch and/or multiple launches. Application of these key drivers to each get
of functional requirements resulted in a set of concepts that was then reviewed |
against the payload and mission requirements to finalize and select the most i
effective concepts for more detailed analyses and vehicle configuration
definition. Figure 4-3 is the decision tree used to formulate preliminary
concepts for achieving mission objectives based on the key requirements for
the free-flyer. |
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Figure 4-3. Mission Concept Dacision Tree — Free-Flying MOSC Primary Influence Factors

The present Orbiter and Spacelab are being designed for 7-day missions with
potential to extend to 30 days; consequently only missions of greater than

30 days duration were considerad fur the free-flyer. Skylab experience
regarding crew accomplishments and Task 1 results indicates that within
the payload weight and volume limitation for a singfr.' Shuttle launch, three

or four experimenters would be appropriate for shori missions and four or
more for long missions, due to the greater number of experiments. Pre-
liminary analyses of free-flyers indicale that fuel cell and/or solar array
systems can best support the defined missions. The missions and operational
concepts do not require advanced technology (i.e., nuclear, clc.} power
supplies. In this evaluation, the mission mode hecomes very significant as
a prime orbital vehicle concept driver, The mission mode essentially
indicates the role of man in the operation. The permanently manned MOSC
and autonomous orbital operations represent this major mode, In this case,
the crew would operate the MOSC after the Orbiter has de-orbited, and
would be returned to Earth via a later Orbiter flight. ‘Twelve uptional con-
cepts were selected for further analyses based on elimination of the short-
duration missions, more than four crewmen, "other' power sources, and the

ORIGINAL

P

OF PooR QUAGE IS 26
/

et




STS mode of operation. The concept's growth potential to accommodate
larger crews was included in the configuration definition, These 12 options,
of which six involve multiple-launch considerations, are listed in

Table 4-1, Based on an analysis of the potential power sources for extended
missions (see Section 3. 3.2), the solar array systems are the minimum
weight systems for durations beyond 15 days. Therefore, only solar array

systems were considered in subsequent analyses, On this basis, there are

Table 4-1
CONCEPT OPTIONS SYNTHESIS — FREE-FLYING

Primary Influence Factors

Mission
Duration Crew Size Power Mode Launches
N  +)
. N 3
2 b g K
o g8 &5 8 o S o B
a S 5 5 = & 2 5 O
Concept Q @ g 3 O% £ s
Option A v A [t 0 2 < wn 2
1 X X X X X
2 X X X X X
3 X X X X X
4 X X X X X
5 X X X X X
6 X X X X X
7 X X X X X
8 X X X X X
9 X X X X X
10 X X X X X
11 X X X X X
12 X X X X X

*Involves all flights and/or payloads required to accomplish the specified
missions.
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six options remaining; three single and three multiple-launch cases. These

six concepts were considered in the detailed anaiysis of the requirements,

The application of data from past trade studies of both manned and autornated
payloads and experience from Skylab, Spacelab, and the Phase-B Modular
Snhace Station studies have been used to rationally reduce the total number of

requirements sets to a manageable number of logical concepts.

The initial evaluation determined that the Option 11 (Table 4-1) concept would
be most effective in meeting the MOSC guidelines in supporting the Task 2
experiment plan. However, the subsequent detailed analysis that included
vehicle and payload weights and preliminary configurations determined that
two Shuttle launches would be necessary. Therefore, the Option 12 concept

became the haseline.

Using existing studies and hardware programs such as Spacelab, Skylab, and
the NASA Phase-B Modular Space Station, weights were parameterized for

crew size, mission duration, power level, etc., as appropriate.

Using vehicle length and volume as the primary consideration, the payloads,
equipment, and support elements were configured. These configurations in
turn were referenced to the Task 1 preliminary payload analysis for assess-
ments of payload weights and support elements, Each payload combination
was evaluated against the Orbiter cargo bay length and volume to define the
number of launches, and weight estimates were assessed based on mission
requirements and the Orbiter performance. The expendable weights were
extrapolated for the desired mission duration. The resulting data were
summarized for both launch and landing conditions, These weights were then
compared against mission/configuration requirements and the Orbiter per-

formance to assess weight performance margins, Figure 4-4.

The configuration/mission combinations were each reviewed and sorted as

to orbital altitude and inclination: these results also are shown in Figure 4-4,
Based on preliminary data, 11 configuration/mission combinations exceed
the landing weight. Thus, if the Orbiter planned landing weight is not

increased, reassignment of equipment to other launches must be investigated.
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Figure 4-4. MOSC Weight Summary

In order to provide growth capability yet remain within the payload length and
weight constraints of the Space Transporta‘.on System, the final MOSC <on-
figuration will require some degree of modularization. Although many alterna-
tive configurations could be pursued, it was found advantageous in previous
space station studies to group the functional requirements in terms of logis-
tics, subsystems, payload, and habitability. KEach of these requirements
could be met by packaging the associated systems and subsystems into
separate modules or into combinations. In general, because they a2 basic

to the long-duration stationoperations, should not require updating - rnodi-
fications, and can be maintained on orbit, the habitability and subsystems

support equipment are best left on orbit.

Six alternative options were analyzed with varying degrees of integration and
with two to four modules being considered. Figure 4-5 illustrates alternative
configurations considered for the free-flying mode, with the varying degree of
integration or functional modularity which previous space station studies have
found to be advantageous. Habitability and subsystem support equipment

can be left in orbit, whereas research equipment and logistics supplies
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Figure 4-5. Mosc Configuration Options Comparison

must periodically be transported to and returned from orbit, For the reasons
noted in Figure 4-5, Option F (see Section 4,2, Vehicle Concept Selection)
was recommended as the approach for further examination. This option would
incorporate pressurized, dedicated modules for major facility functions.
Figures 4-6 and 4-7 show the resultant modular arrangement and plan view

of the baseline four-man MOSC vehicle.

Two variations of the basic four-man design were also briefly examined
during the study to illustrate alternative configuralions mecting special
mission requirements. One variation was a small, thrce-man configuration
capable of being delivered to orbit in a single Orbiter launch and providing
moderate duration stay times (60 days) on orbit, This facility could be

placed in orbits other than the nominal and would represent a low-cost
approach to unique or quick-reaction missions. A second variation was a
six-man growth configuration in which provisions could be madc for maintaining
a larger crew on orbit for 90 days or more. This six-man configuration
was predicated upon the assumptions that certain future missions might

require mare manhours in orbiil rather than more payload weight. In these
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cases, the larger crew would reduce calendar time to accomplish specific
research tasks, broaden the skill base available in orbit, spread station-
keeping responsibilities, and facilitate multiple three-man, and six-man shift
operation. For comparative purposes, profile views and configuration

guidelines of the baseline, versions are presented in Figure 4-8 and Table 4-2,

Except for the few variations noted (reference Table 4-3), the subsystems
for the three MOSC vehicles are identical in basic design concept and differ

primarily in regard to the consumables required and the location.
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Table 4-2
CONFIGURATION GUIDELINES SUMMARY

l. Baseline MOSC
e Four-man crew
e Open-ended orbital duration
e Logistics and payload modules capable of being returned to Earth by
the Orbiter
] 90-day resupply cycle
o I0C in 1984
2. Limited-Duration MOSC
Three-man crew
Limited orbital duration - 60 days
All modules capahle of being returned to Earth by the Orbiter
No orbital resupply
I0C in 1984
3. Growth MOSC

° Six-man crew

e Open-~ended orbital duration

[ Logistics and paylo~d modules capable of being returned to Earth by
the Orbiter

® 90- to 180-day resupply

e IOC in 1984

A more detailed description of the three-man limited-duration concept may
be found in Appendix E, and a description of the six-man growth concept may

be found in Appendix F.

An increase in the operational and support capabilities of the MOSC can be
readily achieved through the addition of a multiple docking capability, To
increase the MOSC resources in all operational areas, multiple radial dock-
ing ports can be incorporated either in the habitabjlity module, Figure 4-9,

or as a dedicated docking module, Figure 4-10.

The installation envelope of the ASTP international docking assembly estab-

lishes three radial docking ports as optimum. This is consistent with pre-
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Table 4-3

COMPARISON OF ALTERNATIVE MOSC SUBSYSTEMS WITH

BASELINE CONCEPT SUBSYSTEMS

Subsystems

3 Man Concept

& Man Concept

Crew Accommodations

ECLS

EPS

Data Management —
Experiment

Data Management —
Vehicle

Communications

Stability /Control

RCS/Propulsion

Structural/Mechanical

Three crew quarters —
combined personal hygiene
and waste management
free volume reduced

Same

Same

(1)

Same
Same

Same

Remove one CMG —
6,000 H

Ten thrusters located
coplanar at HM(2) outboard
end

No EVA airlock

“)Dependent upon experiment requirements

(Z)Consumable s adjusted

Two crew quarters —
added to wardroom!(2)

Same design but sized
for six men

Same

(1)

Same
Same

Same

Same

(2)

Same

Same

vious studies of radial docking operational efficiency.

Structural counter-

sinking of the international docking assembly (Figure 4-9) or a smaller-

diameter pressure shell structure (Figure 4-10} are required to stay within

the Orbiter cargo bay clearance envelope.

The option to reconfigure the baseline habjtability module and incorporate

radial docking ports for additional operations would permit modules at three

ports, e.g., (1) long-term experiments, (2) shorl-term experiments, and

{3) logistics or habitability module.

A center docking section would provide

maximum clearance between end-docked modules and Orbiter radial docking
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maneuvers adjacent to the habitability module; three ports could be added
and the habitability module would still support a four-man crew. The
habitability /docking module could utilize technology being developed for
Spacelab, but major structural modifications are required to provide neces-

sary load paths and permit docking assembly installation.

Careful consideration must be given to a dedicated docking module, however,
as it may provide greater flexibility by removing crew traffic flow from the

habitability module.

4,2 AVAILABLE HARDWARE AND TECHNOLOGY

One of the initial sleps in developing the configuration recommendation was to
identify subsystem- and component-level hardware that will be available for
the MOSC space slation design and development. The next step was to
examine its applicability, either direcily or with modifications, to satisfy

payload or subsystem requirements,

This survey included preliminary examination of the hardware articipated as
being available [rom programs operationally concurrent with the projected
MOSC mission and predecessor programs, including (1) Apollo, (2) Skylab
{OWS, AM, MDA, ATM, etlc.), (3) Shuttle-Orbiter, (4) Spacelab, {5) LST,
and (6) SEF3. The survey results are as follows:
e  Application of component-level available hardware can significantly
benefit zach major subsystem.
* The preliminary survey identified specific hardware or technology
applicable from the Orbiter, Skylab, Spacelab, and SEFS programs.
® Approximately 75 percent of the hardware and/or technology can

be selected from available items,

The key areas examined included (1) available subsystems and components,
which have demonstrated by previous studies and programs to have high
EDT&E costs, (2) adaptability of existing designs to satisfy requirements of
long missions, and (3) identification of major hardware items which would

have a significant influence on the vehicle configuration.

The use of available subsystem- and component~level hardware can ‘represent

a significant contribution toward minimizing the cost of the MOSC progra.n,

36

Ao e e



and accordingly, is proposed wherever feasible. This rationale and conceptual
approach should be capable of successful implementation due to the wide
array of flight-qualified hardware to draw from the standard multiyear

operational life capability required in the contributing programs.

The MOSC vehicle will have an ideal chronological relationship to maximize
the benefits of the Shuttle and Spacelab technology and hardware legacy. In
balance, however, the careful assessment of maintaining crew safety standards
within the longer-duration MOSC missions, discretionary payload weight
tradeoffs, and system growth potential must also be considered., An additional
factor which must ultimately be investigated is the production availability

of current hardware in the needed time frame.

The use of present Apollo or Skylab hardware may be limited due to its
production status, and many stored items would require complete refurbish-
ment because of shelf-life limitations. However, use of hardware manufactured
from the proven designs or developed from the design technology can be

expected to result in cost savings.

Table 4-4 summarizes a portion of candidate hardware which would be applic-
able for use on the MOSC, As the MOSC preliminary design progresses to the
point where greater subsystem detail is available, additional candidate hard-
ware may be identified, To ensure availability of all items of interest, pro-

curement plans must be formulated,

A preliminary examination of typical Skylab components provided detailed
information on the characteristics, which permitted a feasibility evaluation

to determine if a component would be applicable. Additional Skylab components
are summarized in Appendix C. Table 4-5 identifies selected details of the

identified Skylab program hardware.

Considering those subsystems representing the major portion of the program
DDT&E costs (Reference Figure 4-11), certain hardware items from other

»ragraras are prime candidates for incorporation into MOSC subsystems.

A detailed design analysis and subsystem performance study must be con-

ducted to determine if specific hardware items can be used in a MOSC vehicle.
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Table 4-4 {Page 1 of 2)
MOSC SUBSYSTEMS HARDWARE AVAILABILITY MATRIX

MOSC
Subsystems Program Hardware Program Hardware Program Hardware Program Hardware
Structural/ Apollo Crew transfer Skylab Window Supports Apollo Docking System
Mechanical system Orbiter Ajrlock
Spacelab P:;:l:da‘,:l'gu'ucture - Orbiter Pressure hatches
Secondary structure -
floors, racks, etc.
ECLS Skylab Molecular sieve Skylab Fans Orbiter Lights Skylab Fane
Radiator Radiant heater Controle Heaters
Refrigerator LST Portable lights Orbite: Lights
Orbiter Lights Orbiter Partial pressure Contrale
Controls sensors
Regeneration system
Apollo Water supply system
coolant loop pumps,
controllers and
valves
Spacelab COp and trace gas
aasembly
Humidity and tem-
perature control
assembly
Water separation
assembly
Water pump package
Freon pump package
Crew Skylab Handholds Skylab Food prep table Skylab EVA lights Skylab Handholds
Accommodations Tethers Lockers Tethers
Orbiter Fire extinguisher Orbiter Urine/fecal system Orbiter Lights Orbiter t?;::;ra
Food Controls
Power Apollo Power conditioning
system - invertars
and meters
SEPS Solar array Orbiter Controls QOrbiter Controls Skylab Batteries
Distribution Displays D/ splays
system/batteries
LST Solar array Orbiter Distribution LST Umbilicals Orbiter Distribution
Batteries system system
Regulator LST Umbilicals LST Umbilirals
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Table 4-4 (Page 2 of 2)
MOSC SUBSYSTEMS HARDWARE AVAILABILITY MATRIX

MOSC
g Subsystems Program Hardware Program Hardware Program Hardware Program Hardware
d Instrumentation Skylab "IV system Intercom Skylab Multiplexer Sensors Skylab Sensors Skylab Sensors TV system
|'J= and Intercom
g Communications Orbiter Transmitter Orbiter Controls Orbiter Controls Orbiter Controls
Teleprinter
E 1LST TDRS antenna LST Caution and warning LST Caution and warning LST Caution and warning,
Decoders Couplers
Apollo Caution and warning Apolio Caution and warning  Apollo Caution and warning Apollo Caution and warning
Spacelab Cantrol panels Spacelab Control panels Spacelab Control panels Spacelab Control panels
Data Management  Orbiter Computer Skylab Tape recorders Not ai:plicable Skylab Tape recorders
Buffers Signal cornditioners Signal Conditioners
LST Downlink distributor Orbiter Processors Orbiter Converters
Controls Processors
Interface units Controls
Interface units
Spacelab Tape recorder Skylab Tape recorder
Stability and Skylab Spheres Orbiter Controls Not applicable Orbiter Controls
8 Control CMGs Displays Displays
Orbiter Control valves
Star tracker
Apolio Guidance and naviga- Apollo Guidance and naviga-
tion system - tele- tion system - tele-
scope, sextant, scope, sextant,
gyro package, gyro package,
accelerometers, accelerometers,
and displays and displays
Reaction Control Orbiter Storage tanke Orbiter Controls Not applicable Orbiter Controls
Displays Displays
LST Thruster module
Apollo Thrusters, tanks and Apollo Thrusters, tanks and
transducers transducers
Environmental Orbiter Mateoroid protection Skylab Film vault Spacelab Radiation shields Spacelab Radiation shields
Protection Radiation monitors Contamination
shrouds
Docking Skylab Alignment target Skylab Alignment targ=t Skylab Alignment target Skylab Alignment target
: lighta lights lights lights
ASTP Docking mechanism ASBTP Docking mechanism ASTP Docking mechanism ASTP Docking mechanism
Checkout Orbiter Controls Orbiter Controls Orbiter Controls Orbiter Controls
Displays Displays Displays Displays
Computer interfaces
Apaollo Rendezvous system Apollu Rendezvous system Apollo Rendezvous system  Apollo Rendezvous pystem

radar antenna,
ranging units,
alignment targets

radar antenna,
ranging units,
alignment targets

radar antenna,
ranging units,
alignment targets

radar antenna,
ranging units,
alignment targets




s
|
]
!
s
i
i
i
!

T

Table 4-5
SKYLAB PROGRAM HARDWARE CHARACTERISTICS

Source Hardware/Characteristics Reference
Airlock Molecular Sieve SLOH*
Module Gas flow — normal system 34.2 cfm

odor removal 29, 3 ¢fm
Capacity ~ 8. 6 1b/day of water, 6.75 lb/day of CO>
at inlet conditions of 52°F dew point and
CO2 partial pressure of 5.5 min Hg
Regeneration bakeout uses 390-watt heaters
Solids trap — 40 micron screen
Ajrlock Window
Module 8in, x 12 in. oval IR reflective with cover
Orbital Window
Workshop 18-5/6 in., circular IR and UV coated
Airlock Pressure Hatch
Module 49,5 in. diameter with 8,5 in. window
9-latch systemn, quick-release pins, equalization
value
Orbital Radiant Heater
Workshop Heat dissipation: 125 watts at 24 Vdc
Voltage range: 22 to 28 Vdc
Surface temperature: 210°F
Airlock Tape Recorder
Module Input voltage: 24+ 15 VDC
Input power: 15.5 watts max
Inputs: 5,12 kbps rz and clock
5.76 kbps rz and clock
300 to 3060 Hz audio
Outputs: 112.6 kbps nrz — space
126, 7 kbps nrz — space
6.6 to 66 kHz
All UV Fire Sensors
Modules Input voltage: 18 to 33 VDC
Input power: 6 watts
Sensitivity: 1850 to 2650 A°
Orbital Spheres
Workshop Volume: 4.5 cu ft
Operating temperature: -15P to +175°F
Operating pressure: 30°to 3100 psia
Proof pressure: 6000 psig
Burst pressure: 8000 psig
Multiple Docking Alignment Target
Docking Apollo LM type
Adapter Base diameter: 17,68 in.

Self-illuminating

#SL,OH — Skylab Operations Handbook, Document MSC 04720, Vol L.
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Figure 4-11. Typical Free-Flying Module Subsystems DDT/E Cost Relationship

Specific items must be considered as to their shelf life, preventive mainte-
nance, software availability, and refurbishment program. The costs of these
tasks should be compared to the new-item development cost to determine if

retention is economically desirable.

The development of a minimum-cost, high-capability space station capable of
fulfilling the space program commitments and at the same time achieving
complete compatibility with the Space Shuttle will benefit if a sufficiently
flexible system can be based on available hardware. The necessary basic
submodular and subsystems elements are, to a significant degree, readily
available from the Shuttle, Spacelab, SEFS, Skylab, and Apollo hardware and

technolog®.

4.2.1 Spacelab Hardware

The primary hardware to be utilized in generating the full range of MOSC con-
cepts was the submodular structural elements. A submodule approach was
used to ensure full and universal application of these important building blocks

and to minimize the possibility of constraining the freedom of variation in
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Figure 4-12. Major Spacelab Elements

creating modular arrangements, The basic structural building blocks of the

Spacelab are shown in Figure 4-12.

The most significant available hardwarce benefit from Spacelab would he the
primary structure, which posscsses the inherent flexibility of modular elements,
thus permitting the selective rearrangement to accommodate specific require-
ments. In addition, the Spacelab being designed as an Orbiter payload ensures
dimensional and installation compatibility. However, the MOSC's different
modular grouping may require that a modified support structure be considered
to match the Orbiter's cargo bay payload support points. The autonomous
removable feature of the secondary structure doss not appear as readily
adaptable to the MOSC requirements of (1) pressure shell interior surface
inspection, (2) vented compariments for battery installations, and (3) the

integration of crew accommodations.

The following two major Spacelab elements were selected to dévelop MOSC

configurations:

Cylindrical Section - This cylinder is fabricated from 2219 aluminum in the
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T condition, and is flanged at both ends for mating to additional sections or
the end domes. The basic manned module assembly consists of two sections
on Spacelab; however, current design would probably permit assembly of three
sections., The basic module with one cylindrical section and end domes is
designated the "'short module," and the two-cylindrical-section module with
end domes is designated a "long module. "

grooves in the end flanges.

Soft seals are used in dual sealing
External support trunnions are located just above
the horizontal centerline, and a kee] fitting for absorbing lateral loads is
located on the vertical centerline.

End Dome — The Spacelab end dome has a matching bolt flange to the cylindrical
sections but would require modification for internal application as a double-
bulkhead EVA airlock reverse-pressure bulkhead and to accommodate the

installation of the Apollo-Soyuz Test Froject (ASTP) international docking
assembly,

4. 2.2 International Dockiny Systems — ASTP

The ASTP mission in July 1975 will flight qualify this unit at the Apollo and
Soyuz spacecraft mass levels and docking dynamics., This mass level of
approxima tely 35,000 pounds for the Apollo Spacecraft is almost an order of
magnitude less than the Orbiter at approximately 215, 000 pounds and the
MOSC at 32,000 pounds to as much as 100, 000 pounds. Although the inter-
national docking system docking velocity limit requirements of 1 ft/sec
axially and 1/2 ft/sec laterally are compatible with the Orbiter's performance
(i.e., 0.5 ft/sec axially and 0. 25 ft/sec laterally), the effect of the greater

momentum must be analyzed in detail. The basic concept is valid and appli-

cable to MOSC, and the required strengthening should not represent major

modifications. The docking system is shown in Figures 4-13 and 4-14.

4, 2.3 Evaluation/Characteristics

As a means of orientation, Table 4-6 is presented to summarize the pertinent
and influential factors of the basic Spacelab and MOSC missions and space=-
craft. This information provides an analytical overview of the Spacelab
(attached mode) and the two basic MOSC free-flying vehicles. Relevant data
from subsequent sections and the other books have been included to permit

review of the salient points. Detail information and discussions are contained
in the respective sections of this report.
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Figure 4-14, International Docking System Operation Schematic
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Table 4-6 (Page 1 of 3)
MANNED ORBITAL FACILITY
CONCEPT CHARACTERISTICS SUMMARY

SHUTTLE-ATTACHED

Concept
Characteristics

Spacelab

FREE-FLYING

MOSC
(Limited Duration)

Baseline MOSC
(Long Duration)

Mission Plan

Nominal Experiment
Program - Manhours
(SSPDA)

Experiment Support/
Responsiveness

e No. of Payloads
(SSPDA)

e Payloads added in
MOSC Study

e No. of Combinations

e Experiment Program
Accomplished

e On-Orbit Experiment
MManhours Required

e Accomplish Future
Goals (e.g., Space
Manufacturing
Limited Production)

e Short duration
e 7-day operations

e Potential growth to
30 days (undefined)

37,000

42

100%
58, 000

None

e Semi-permanent

e 60 days maximum
on orbit

e Deliver/retrieve
each module/payload

e Each flight unique

37,000

42
4

19
100%

38, 000+

Interrupted -
Limited Duration

e Permanent facility(s)

extended duration = 5 years

e 90- to 180-day logistics

flights (crew exchange/
resupply consumables)

e 90-day to "as required"

payload flights
37,000

42

19
100% e

38,000

Continuous -
Unlimited Duration




Table 4-6 (Page 2 of 3)
CONCEPT CHARACTERISTIC SUMMARY

Characteristics

Concept

Spacelab

MOSC
{Limited Duration)

Baseline MOSC
(Long Duration)

Fl.ght Program

Implementation

Eifectiveness

e No. of Shuttle Flights

e New Hardware
Required

Growth Aspects

& Duration

14

Total Mission
Crew

e Payload

e Larger Stations (Crew)

e Adv. Higher Orbit
Missions (Synch.)

® Space Assy. Support

230

None

30 days max.
30 days max.

65K up - 32K down

Orbiter-limited

Limited by duration

144

2 facilities

60 days max,
60 days max.

Multiple flights

Provides basic
hardware

Limited by cperations

69

2 facilities

5 years
90 days up to man's capability

Multiple flights
4 to 6 to approx. 12

Provides basic hardware and
orbital support

Suitable for:

- Tug refueling and
refurbishing

- Large-area space
structures
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Table 4-6 (Pages 3 of 3)
CONCEPT CHARACTERISTICS SUMMARY

Concept MOSC Baseline MOSC
Characteristics Spacelab {Limited Duration)} {Long Duration)
Man Utilization
and Accommeoedation
e Crew Size 1to 4 2to 4 4tol2
e Crew Habitation Orbiter = 800 ft3 2,450 £ habitability/ 2,450 £t habitability module

e Crew Stay Time
On-Orbit Max. Days

e Skill-Cross Training

e Utilization

Mission Responsive-

ness and Flexibility

e Nc. of Flights

® Orbit Selectivity nmi.

e Facility Duration
On-Orbit Capability
{Max.)

e Launch Rate (Max.)
Per Year (Avg.)

e Traffic Interference
Potential

30

Not critical

Experiment operations

230
(100 to 350)
30 days

30
29

High

subsystems module

60

Mandatory
Experiment operations
Facility operations

Limited maintenance
and repair

144
(100 to 350)
60 days

34
21

Medium

90 and up

Mandatory

Experiment operations
Facility operations
Maintenance and repair

Logistics handling

69
(100 to 350)
5 % years

16
10

Low
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Section 5
BASELINE 4-MAN MOSC DEFINITION

The vehicle conceptual definition involved the following steps and informaetion:
(1; selected concept and general modular arrangement from Task 2, (2) the
determination of selected subsystems volumes and weights, (3) the piacement
of internal equipment and stowage to establish a preliminary internal volume
assignment, (4) a weight and center-of-mass analysis, (5) a safety and opera-
tional procedure assessment, and (6) the development of a ¢/ 'nceptual inboard

profile,

5.1 OVERALL CONFIGURATION

The baseline 4-man MOSC configuration is composed of a two-module core
vehicle supported by a logistics module and variable payload modules and/or
pallets. End-docking accommeodations are provided for all modules, and at
least four modules must be docked to complete the MOSC orbital facility as

shown in Figure 5-1,

5.1.1 Outboard Profile and Description

The primary items of candidate hardware and/or technology which make a
major contribution to the configuration include (1} Spacelab primary structure,
(2) SEPS solar array and (3) ASTP internaticonal docking assembly. Approxi-
mately 75 percent of the subsystems' components will be either available as

qualified hardware or will be developed from existing technology.

The general arrangement and module relationships are based on the logic of

a core vehicle providing all basic vehicle crew accommodations and vehicle/
payload support. Thus, with the core assembly being able to remain in orbit,
the end modules which provide additional stores, equipment, or payloads be
readily docked and undocked for replacement during the nominal 90-day
Orbiter resupply mission. The habitability module docking port is shown with
a pressurized payload module; however, this port would also accommmodate

unpressurized payload pallets.
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ELEMENT LOGISTICS SUBSYSTEMS HABITABILITY PAYLOAD
MODULE {LM) MODULE {SM) MODULE (HM) MODULE (PM}
FUNCTION FLUID SUPPLY, BULK | ELECTRICAL POWER, | LIVING QUARTERS, EXPERIMENTS,
CARGO, WASTE STABILIZATION, PAYLOAD APFLICATIONS
STORAGE COMMUNICATIONS, | MONITORING
HYGIENE STOWAGE, GALLEY
LENGTH (FT} 22.7 258 24,7 15— =60
WORKING 1,618 1,620 2,450 1,600 — = 5,000
VOLUME (FT3) ‘

Figure 5-1. Baseline 4-Man MOSC Outboard Profile

The selected baseline vehicle configuration would require two Shuttle launches
to place the modules in orbit. The assembly operations profile is shown in
Section 6, The first and second launch Orbiter cargo bay installations are
shown in Figure 5-2, The baseline configuration's modular arrangement
requires a launch sequence which would deliver the core vehicle (habitability
and subsystems modules) on the first launch, A nominal period of four days
would be required to deliver the core vehicle, deploy the core vehicle, check

out all systems either attached or unattached to the Orbiter, and return to
Earth.,

Assuming a typical ground turnaround time of 7 days for the Shuttle transpor-
tation system, on the eleventh day the second launch of the Orbiter would
deliver the logistics module and a payioad module. These modules would be
docked to the core vehicle, crew transfer and complete subsystem checkout
would occur, and the Orbiter would return to Earth on approximately the
fifteenth day, leaving the MOSC operational in orbit. The ccre vehicle will
have an automatic stabilization capability for the unmanned periods during

initial vehicle buildup., The development of detail crew transfer timelines
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LAUNCH NO. 1 ’ e
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- 50.5 FT |' ‘.-—1.0 FT
1.0-o| |=————— CORE VEHICLE - |
__HABITABILITY SUBSYSTEMS I ‘ 4
—.MODULE | MOGULE i
=
' : WEIGHT
_ ___la; i — 150FT LAUNCH 29,017 LB
-— , LANDING 26,113 LB
Tl
LAUNCH NO. 2 60.0 FT
DOCKING MODULE LOGISTICS PAYLOAD
\ J_ MoDULE MODULE
e~ 227 FT——tie——28.0 FT ' } voFr

WEIGHT
LAUNCH 37,132 LB
LANDING 35,569 LB

DISCRETIONARY PAYLOAD 8,950 LB

Figure 5.2, Bassline 4-Man MOSC Orbiter Cargo Bay Installation

and module replacement safety requirements will determine the crew's loca-
tions during these repeated operations. The modules shown installed

(Figure 5-2) for the second launch are typical. Although the logistics module
would be a standard configuration, the payload modules will vary in length and
may have attached pallets. There also will be pallet-only payloads which might
require the entire Orbiter cargo bay length. The core vehicle's external
envelope leaves sufficient axial clearance (approximately 2 feet) for safe
installation and removal in orbit. There should be sufficient longitudinal
adjustment of the modules to permit mating with existing Orbiter attach
points. If the Orbiter docking module is required for all launches, the maxi-
mum longitudinal dimension of a Shuttle payload is limited to 52.3 feet. The
habitability and subsystem modules will be lannched together and will remain
in orbit; therefore, a docking assembly is not required between them, and a

permanent joint will be made on the ground.

5.1.1.1 Vehicle Sizing
Establishing a suitable and efficient volumetric envelope for a manned vehicle
is dependent on two independent and possibly divergent constraints:

(1) necessary internal free volume for the working, living, and recreation
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of the crew, and (2) the external envelope as constrained by the installation
dimensions of the launch vehicle. Balancing these two limits to achieve al

satisfactory resultant configuration is of paramount importance., The long

manned mission durations (i.e., 90 dayr) are demanding upon the physical

well being and tolerance of the crew; therefore, the relative freedom of

activity and a personal privacy that is ensured by adequate free volume is

most important,

In the baseline MOSC configuration, sufficient latitude was available to provide

the required free volume and still be within the Orbiter cargo bay installation

envelope.

5.1.1.2 Manned Volume Requirements

Froviding sufficient free volume for efficient operations with a reasonable
degree of comfort for the crew requires consideration for all open or iree
volume in the habitability area. Based upon MSFC Standard 512, Man/System
Design Criteria for Manned Orbiting Payloads, MOSC sizing requirements
were derived for three-, four-, and six-man crews. As shown in Table 5-1,
the minimal total assigned volume per crewman should total approximately
200 ft3 or 800 to 1, 000 ft3 for the four-man baseline, The volume totals in
Table 5-1 show adeguate volume to accommodate three or four crewmen in

a long module. In both cases, there is a significant residual volume available
for the necessary equipment, passageways, and some non-habitability func-
tions. To determine the total volume required for a habitability module, it

is necessary to estimate the volume required by the crew-support equipment.
Based on hardware installation experience and preliminary space station
designs, equipment installation density is about 60 percent of module volume.
Therefore, with a crew requirement of 800 to 1, 000 £t3, and a 60 percent
equipment installation efficiency, approximately 1,200 {t3 are needed for
equipment, or a total module volume of 2, 000 ft3. The baseline four-man
MOSC habitability module was g?_:g_g for 2,450 It3 using the dimensions

of a Spacelab long module. This initial sizing analysis ensured that sufficient
free volume was available; however, during the layout of the internal arrange-
ment, an additional factor was introduced. Applying Skylab experience, the
personal hygiene compartment was moved to the subsystems module in order

to separate it from the crew's quarters.
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Table 5-1 ‘
CREW SYSTEMS HABITABILITY VOLUME I?I.I*ZIC'.,’IIJIREMEN'IIZ'S1

Free Volume

(in £t3)
Activity 3 Men 4 Men 6 Men
Sleeping 240 320 480
Eating/'wardroom 350 450 650
Personal hygiene
Cleaning 70 70
Waste management ] 85 combined 70 70
Habitability volume 675 910 1,270
Total volume available ~1,2502 2,4503 2,4503
Volume available for equipment, 585 1,540 1,180

passageways, and other non-
habitability functions

The volumetric equipment density was maintained by moving the payload
control console into the habitability module, which coincidently is a preferred
location adjacent to the payload module. The personal hygiene volume
requirement for three crewmen includes both body cleansing and waste
management combined into a single 85-ft3 volume. For c¢rews of four or
more, separate hygiene and waste management compartments should be
provided; however, body cleansing can be done in the free volume of the
adjacent passageway, which adds an equivalent volume of 85 to 100 fl:3. This

is based on experience with the Skylab waste management compartment,

Interior clearance envelopes for crew IVA have been established for traffic
paths. For passageways and doorways the height requirements vary from

70 inches for passageways to 60 inches for doorways for both unsuited and
suited crewmen. The width for both cases varies from 22 inches for a single,
shirt-sleeved crewman to 34 inches for either a pressure-suited crewman or
two crewmen in shirtsleeves, The smallest MOSC passageway is 80 inches
high and 48 inches wide. The doorway to the crew quarters is 70 inches high
and 36 inches wide. Tunnels should he at least 1 meter in diameter, The

MOSC solar array tunnel is 1. 2 meters minimuu: diameter. However, the
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international docking assembly has an open hatch diameter of approximately
31.5 inches (0. 80 meter). Further evaluation of the traffic pattern and the

acceptable clearance envelope for long-duration missions must be made,

5.1.1.3 External Envelope Requirements

A rigid constraint is imposed on vehicle external dimensions when, as in the
MOSC case, the launch vehicle has an inviolate configuration, and payload
installation envelope. However, installation layouts of the Orbiter cargo bay
determined that the 15. 0-foot diameter by 52, 5-foot-long available envelope
would house the 2,450 £t habitability module which is approximately 25 feet
long and leaves 27 feet for installation of additional equipment/modules. The
baseline four-man vehicle also includes subsystems, logistics, and payload
modules., To launch the four modules for the initial orbital assembly, two
Shuttle launches are required on both a total payload weight and volume basis,
The subsystems module was selected for launch with the habitability module
to create a core vehicle containing all the manned and station support functions.
Thus, in the available 27 feet, conceptual layouts determined that a subsystem
module and solar array could be installed with 2-foot clearance between core

vehicle and Orbiter cargo bay,

5.1.2 Inboard Profile

The internal arrangements and key module equipment locations are shown in

Figure 5-3%, The configuration illustrates a payload complement comprised
of two long modules, each dedicated to a different research program. The
overall vehicle length is approximately 130 feet, with an internal pressurized
volume of 10, 500 to 11, 000 cubic feet. Based on Skylab experience, the crew
could traverse the full vehicle length in 20 to 30 seconds in an emergency

and 30 to 40 seconds under normal activity conditions,

The daily crew activity and primary traffic pattern would be concentrated
about the habitability module. The logistics module will be visited only
periodically to obtain or transfer consumables or other cargo. The galley
has accommodations for storing 7 days' worth of food, and each of the

crew's quarters has storage for personal gear. These storage arrangements

*An engineering drawing of the inboard profile appears at the end of this
section.
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Figure 5-3, Baseline 4-Man MOSC Configuration

would serve to reduce crew traffic through the tunnel. The subsystems
activity has been removed from vicinity of the payload modules and an experi-
ment module control station has been placed opposite the wardroom in the
habitability module. The internal volume in the core vehicle allows for free
volume between the e?cperiment control console and the EVA airlock bulkhead

to accommodate traffic flow and physical conditioning activities.

5.1.3 Module Descriptions

The core vehicle, which is the combination of the habitability module and the
subsystem module, represents the functional support unit of the baseline
vehicle, It is assembled as a unit on the ground, checkout out, launched as a
unit, and remains in orbit for the duration of the MOSC program, i.e.,
approximately 5-years. Therefore, a decision was made to use a bolted

joint between the habitability and subsystem modules and eliminate the docking
assembly. This reduces the core vehicle length approximately 24 inches,
which increases the axial clearance between the core vehicle and the Orbiter
cargo bay to an acceptable dimension. In addition, it reduces the core

vehicle's weight by 1, 800 pounds. The bolted joint can be leak checked and
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fully sealed during ground assembly checkout. A second decision concerned
the location of solar array rotational mechanism and storage volume for the
solar arrays in the retracted conditions. A small-diameter tunnel attached
to the SM was selected, The modular arrangements which have been consid-
ered for locating the tunnel were (1) between the HM and SM, and (2) outhoard
of the SM., The significant design and operational pros and cons of each

location are tabulated for ready correlation in Table 5-2.

Table 5-2
CORE VEHICLE TUNNEL LOCATION

Tunnel Between Tunnel Outboard
SM/HM in the SM
° Longer core vehicle by . Sufficient cargo bay installa-
approximately 18 inches tion clearance
e Solar arrays located away ] Solar arrays can be rotated/
from both docking ports oriented to assure ample

docking clearance at tunnel
docking port.
(Solar arrays may have to be retracted for protection from Orbiter docking

thrusters.)

e Cabin air leakage through e Under emergency conditions,
solar array rotating seal the tunnel and logistics
failure could require module can be isolated without
isolation of tunnel and imparing crew safety.

and therefore, the sub-

systems module

e Solar could cause IR heat- ) Solar array IR heating of
ing of radiators and it is radiators would be minimized
also closer to the antennas as would antenna pattern
which could cause trans- interference

mission interfercnce

The inboard profiles of the habitability and subsystem modules are shown in

Figures 5-4 and 5-5,
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Figure 5-5. Baseline 4-Man MOSC Inboard Profile — Subsystems Module
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The internal arrangements and major equipment locations are called out in
the inboard profiles. Several points of emphasis are digcussed on specific
details. The crew hae been allocated approximately 250 ft. 3 each. This
includes the individual crew quarters, ward room, and a combined free area
for physical activity and exercise. The crew quarters are similar to Skylab
and have 80 to 100 cubic feet each. The payload monitor and control consoles

are located adjacent to the payload module, This minimizes the interface
distance and locates the payload specialist as close as possille to the

production and research equipment.

The vehicle control panel is adjacent to the commander's quarters, as a

precaution in the event of emergency.

The final element is the two-man EVA airlock, which is located at the outboard
end of the habitability module. The preliminary concepl uses a module end
dome, reversed in orientation and reinforced for reverse pressure. This
airlock location serves the following purposes: (1) as an EVA airlock through
the use of the EVA hatch, (2} as an emergency egress adjacent to the crew's
quarters, (3) as an entry airlock to the payload module for entry of an inspec-
tion team in the event of a hazardous condition requiring the isolation of the
payload, and (4) to provide EVA access to pallei-mounted payloads by the
most direct route. There is a procedural effect, however, which must be
evaluated in more detail. The in-line madule configuration places the EVA
airlock between the core vehicle and the payload module thus during an EVA,
egress from the payload module is blocked. Therelore, occupation of the
payload module during EVA would probably be prohibited. Since EVA should
take place at the most, once in every 5 to 20 days, this should not constitute

a major problem.

The subsystems module has sufficient volume and internal surface for installa-
tion of all of the subsystems equipment. In addition, the waste management
compartment is located there separating it from the c¢rew quarters' sleeping
area, (The noise and vibration disturbance of the waste management system
was noted by the Skylab crews, )} Sufficient clearance has been allowed in the
central passageway for rollout racks and cahinets, This allows access to the
rack-mounted equipment and also to the inner surface of the pressure shell

for leakage inspection and repair.
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The Logistics module is relatively inactive inasmuch as its main function is
storage and to support the transfer of station supplies. It also serves to
return hard data and the accumulated trash to Earth. It is supplied with
necessary support equipment and in addit'on is ideally located on the orbital
vehicle to serve as the propulsion module for orbit keeping and, if required,
to provide altitude change capability. If additional propulsive energy is
required, there are suitable locations for additional propellant and pressurant
bottles, The short tunnel allows for the external mounting of high«pressure
bottles while still remaining within the Orbiter cargo bay's clearance envelope.
Standard racks and cabinets are coded for organized sequential periodic trans-
fer of consumables. There 15 sufficient volume in this module which, in
conjunction with rearrangement of storage accommodations, would permit
extending the 90-day logistics cycle by furnishing additional supplies or

modifying the interior to accommodate two additional crew quarters,

The Logistics module also is a major element of the crew emergency and
rescue plan., As it is an end module of the space station, it would provide
one of the two available docking ports for emergency docking of the Orbiter
or a backup EVA airlock for this type of rescue operation. One of the two
emergency crew support pallets would be located in this module in case it
became necessary for the crew to retreat to an end module under emergency

conditions. Figure 5-& shows the inboard profile of the logistics module,

The basic payload module, as defined in the MOSC Study, consists of the
pressure shell flecor, ECLS ducting, and interface connections for the
support subsystems. The detail internal subsystem arrangements are

payload dependent.

5.1.,4 Hardware Tree

The major organizational system around which the programmatic (schedules

and costs) analysis reported in Book IV is developed is a five-level work
breakdown structure (WBS), Therefore, the discussion of the MOSC subsys-
tems is presented in the form of a hardware tree in order to provide continuity
between the programmatic analysis and the subsystem discussions. In the
MOSC study, the WBS was extended to the subassembly or assembly group
level, These individual assembly group diagrams directly relate the primary
WBS to the subsystem definition and the mass characteristics breakdown in
the mass properties surnmary tables.

52




RN s e S A ey AT e TR T AT AL 2 T T e e R e T e et T
¥

csﬂ-a,.r.

CR28
NON-HAZARDOUS
INTERNATIONAL STORAGE canGo
STORAGE FOOD SUPPLIES
R.Q:EK‘NG COMPARTMENTS 00 7 ORBIT
MBLY KEEPING
THRUSTER

TOOLS AND
PAYLOAD
TEST EQUIPMENT LIOUID AND SUPPLIES
HIGH PR=SSURE
GAS CARGOD

Figure 5-6. Baseline 4-Man MOSC Inboard Profile — Logistics Module

5.1.4.1 Structural/Mechanical Subsystem
The structural and mechanical subsystem includes the basic structure and

all provisions for (1) structural accommodation of a four-man crew,

(2) vehicle subsystems, and (3) MOSC payloads.

The mechanical equipment includes that required for (1) docking the core
vehicle with payloads and logistics modules, (2) vehicle access, including

hatches, airlocks, and viewports, (3) antenna deployment and solar array

drive, (4) cargo handling and transfer, and (5) extravehicular activity support,

This subsystem is illustrated in the assembly-level breakdown in Figure 5-7,
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CR28-111

(WBS-LEVEL 5}
STRUCTURAL/
MECHANICAL
(ASSEMBLY
GROUPS)
PRIMARY SECONDARY MECHANICAL
STRUCTURE STRUCTURE ASSEMBLY
FORWARD CONIC {4} RACKS/SUPPQRTS DOCK!NG MECHANISM (6)
FORWARD END PLATE (4) OVERHEAD STRUCTURE (INCLUDING HATCH)
CYL-BASIC {6} FLOOR SUPPORTS HATCHES (3
AFT END PLATE {4} FLOOR NONDOCKING)
AFT CONIC {4} SUBFLOOR VIEWPORTS {6}
HATCH/S END CLOSURE FLOOR DEPLOYMENT
FITTINGS (HARD POINTS} AIRLOCK (1) MECHAN!ISMS

TURRET/TUNNEL (1)
VIEWPORTS (4}

o

Figure 5-7. Structural/Mechanical Subsystem Assembly Breakdown

5.1.4.2 EnvironmentafControl and Life Support Subsystem

The major portion of this subsystem, including the main control and active
components, is located in the core vehicle. From this central location, the
vehicle is conditioned with longitudinal ducting leading to the logistics and
payload modules. Equipment cooling loops are integrated into the main
thermal conditioning subsystem. Heat rejection is handled through space
radiators mounted on the full cylindrical surface of the core vehicle. Water

management utilizes a full water recovery approach.

This subsystem is illustrated to the assembly level in Figure 5-8.
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CR28-111
{(WBS-LEVEL 5}
ENVIRONMENTAL CONTROL AND LIFE SUPPORT
(ASSEMBLY GROUFPS)
ATMOSPHERE RADIATOR EQUIPMENT
SUPPLY AND SE’&“SSE’TTE.%?HNG FIRE CONTROL THERMAL. THERMAL gg‘nﬂi%emem
CONTROL CONTROL CONTROL
0y GAS STORAGE HUMIDITY CONTROL FIRE DETECTION RADIATOR COLD PLATES URINE WATER
N2 GAS STORAGE €Oy REMOVAL SMOKE DETECTION RECIRCULATION AVIONICS FAN RECOVERY
PORTABLE LIFE VENTILATION FIRE SUPPRESSION RADIATOR CONTROL  PLUMBING WASH WATER
SUPPORT SYSTEM TRACE CONTAM ASSEMBLY HEAT EXCHANGER CONDENSATE
RECHARGE MONITORING INTERLOOP HEAT RECOVERY
UMBILICAL LIFE AR TEMPERATURE EXCHANGERS (2} RECOVERED WATER
SUPPORT CONTROL THERMAL CAPACITORS STORAGE
PORTABLE O3 ATMOSPHERE REGENERATIVE HEAT CONTINGENCY WATER
BOTTLES DISTRIBUTION EXCHANGER STORAGE
REPRESS Oy AND AIRLOCK PRESSURE
N BOTTLES CONTROL
CABIN DUMP CATALYTIC BURNER
AND RELIEF

PUMP DOWN ACCUM
PRESSURE CONTROL

PRESSURE REGULATOR

(N2 AND O9)
FANS
DUCTING AND
PLUMBING
96-HOUR PALLETS
{INERTS)

Figure 5-8. Environmental Cantrol and Life Support Subsystem Assembly Breakdown
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5.1.4.3 Crew Accommodations

The crew accommodations subsystem provides facilities and equipment for

the crew housing and living,

it includes the equipment and facilities for

recreation, exercise, lighting, dining, hygiene, medical care, food, food

storage, safety, crew living and sleepiug quarters, and space suits.

The assembly-level breakdown for this subsystem is illustrated in Figure 5-9.

CR28-114
(WBS-LEVEL 5)

CREW

ACCOMMODATIONS

SUBSYSTEN
{ASSEMBLY GROUPS)

FOOD WATER
RESTRAINTS HYGIENE MANAGEMENT MANAGEMENT
TETHERS URINE TANKS (3) OVEN, CHILLER WATER SEPARATION

STOWAGE CONTAINERS

FECAL TANKS (2)

WATER HEATER

WATER RECOVERY (2}

SLEEP WASTE MANAGEMENT UTENSILS WATER DISPENSER
ZERO-G SUPPORT FOOD INITIAL WATER
ETC CONSUMABLES FOOD STOWAGE SUPPLY BOTTLE
EVA SINK/DRYER ASSY
HANDRAILS
TRASH PERSONAL CREW
MANAGEMENT FURNISHINGS GEAR SUPPORT
COMPACTOR PARTITIONS PERSONAL HYGIENE MEDICAL
CANNISTER DOORS GARMENTS RECREATION/EXERCISE
BAGS AND LINER CONSOLES BEDDING FLIGHT OPERATIONS
SUPPORT FLOOR (SEE STRUCTURE} PORTABLE LIFE GEAR
EQUIPMENT SUPPORT SYSTEM
TABLES 02 MASK
DESKS IVA/EVA LIFE SUPPORT
BUNKS EVA SUPPORT PRESSURE
PAINT SUIT

LIGHTING — INTERIOR

LIGHTING — EXTERIOR
DOCKING
ORIENTATION
ACQUISITION

Figure 59, Crew Accommodations Subsystem Assembly Breakdown
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5.1.4.4 Electrical Power Subsystem
The electrical power subsystem is a solar array power source, using deploy-
ment and orientation mechanisms to provide a universal orientation capability

for the MOSC vehicle without interruption of power generation,

Storage batteries provide both the primary emergency power and the orbital
eclipse power. Energy management equipment, storage and regulation
equipment, power conditioning equipment and power distribution protection,
switching assemblies, and internal/external lighting comprise the basic

elements.

This subsystem is illustrated in the assembly-level breakdown in Figure 5-10.
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{(WBS-LEVEL 5}

SUBSYSTEM

ELECTRICAL POWER

CR28B-111

(ASSEMBLY GROUFS)

SOLAR PANELS
AND
GIMBAL MOUNT

ARRAY PANELS (2}
ARRAY CANNISTER (2}
MAST ASSEMBLY (2)
ORIENTATION ASSY (1}
SUN-SENSING ASSY (2)

POWER REGULATION
AND

LIGHTING
CONTROL ASSEMBLY
INTERIOR SWITCHING POWER CONTROL
PANEL (2} UNIT (4)

AREA LIGHTING (18)
PORTABLE LIGHTING {4)
DOCKING LIGHTS {12}
ORIENTATION LIGHTS (16)
ACQUISITION LIGHTS (4)

SEQUENTIAL PARTIAL
SHUNT REGULATOR (4}

POWER
DISTRIBUTION
ASSEMBLY

CABLE ASSEMBLY

PRIMARY DISTRIBUTOR {1}

SECONDARY DISTRIBUTOR (1)

AC CONTROL/DISPLAY
PANEL {1}

DC CONTROL/DISPLAY
PANEL (1)

PRIMARY SWITCHING
PANEL (1)

SECONDARY SWITCHING
PANEL {1)

SWITCHING PANEL (1)

POWER

ENERGY STORAGE

BATTERY (12)

BATTERY CHARGER (12}

CONNECTING
HARDWARE (12)

Figure 5-10, Electrical Power Subsystem Assembly Breakdown

CONDITIONING
ASSEMBLY

400 Hz INVERTER (3}
60 Hz INVERTER (2}

28 VDC REGULATOR ({6)
CONVERTER {6)



5.1.4.5 Communications Subsystem

The communications subsystem provides:
1. MOSC-to-ground communications
2. MOSC-to-Shuttle communications

3. Module-to-module internal communications

It consists of antennas, amplifiers, receivers, transmitters with appropriate
switching and multiplexing units, TV cameras, audio control, etc. This

subsystem is illustrated in the assembly-level breakdown in Figure 5-11.

CR28-111

(WBS-LEVEL 5)

COMMUNICATIONS

SUBSYSTEM
(ASSEMBLY GROUPS)
S-BAND RADIO Ku-BAND RADIO INTERNAL
FREQUENCY FREQUENCY COMMUNICATIONS
PM ANTENNA (4) ANTENNA (3) AUDIO COMM CONTROL
FM ANTENNA (2) DEPLOYED ASSEMBLY (3) UNIT (1)
PAYLOAD ANTENNA (1) {(INCLUDES MAST) AUDIO TERMINAL UNITS (1)
PREAMP ASSEMBLY (1) RF AND PROCESSOR
SWITCH ASSEMBLY (1) ELECTRICAL ASSY (1)
PM TRANSPONDER (2) SIGNAL PROCESSOR (1)

POWER AMPLIFIER (1)

FM TRANSMITTER (2)

PAYLOAD INTERROGATOR (1)
PM SIGNAL PROCESSOR (2)

FM SIGNAL PROCESSOR (1)
PAYLOAD SIGNAL PROCESSOR (1)
DOPPLER EXTRACTOR (2)

Fiyure 5-11. Communications Subsystem Assembly Breakdown

5.1.4.6 Data Management Subsystem

The data management subsystem consists of all the necessary equipment to
transfer, store, and process data to and from payloads and subsystems.
The subsystem is divided into two independent units in order to meet the
requirements of payloads with their attendant data levels and types and the
vehicle subsystems control with the requirement of continuous, autonomous

control.

This subsystem is illustrated in the assembly-level breakdown in Figure 5-12.
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(WBS-LEVEL 5)
DATA
MANAGEMENT
SUBSYSTEMS
{ASSEMBLY
GROUPS)
EXPERIMENT VEHICLE
SUPPORT SUBSYSTEMS
DATA DATA
PROCESSING DISPLAY/CONTROL PROCESSING INSTRUMENTATION

SPEECH SYNTHESIZER (1)
COMM PROCESSOR {1}
INPUT/OUTPUT UNIT {1)
MASS MEMORY (1)
EXPER PROCESSOR (3}
DIGITAL RECORDER

{(LOW RATE] (1)
DIGITAL RECORDER

{HI RATE) (1)
VIDEO RECORDER (2)
DIGITAL MULTIPLEXER {1)
ANALOG MULTIPLEXER {1)
ANALOG TODIGITAL

CONVERTER {1}
FAULT LOGIC UNIT (2)
SCAN CONVERTER (0)
VIDEO SWITCHING UNIT {1]

Figure 5.12, Data Management Subsystem Assembly Breakdown
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MISSION TIMER (4}
EVENT TIMER (3)
DISPLAY PROCESSOR (1)
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PCM UNIT (2}
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LOOP RECORDER (1)
MAINT RECORDER (1)
TIMING UNIT (1)

MASTER ALARM UNIT {1}
VIDEQ SWITCHING UNIT {1}

TV CAMERAS (2}
SIGNAL CONDITIONING (9}
TRANSDUCERS (300)

DISPLAY/CONTROL

MISSION TIMER (1}
EVENT TIMER (2)
CRT/KEYBOARD (7}
DISPLAY PROCESSCR (1)
REMOTE CONTROL/DISPLAY (1)
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COMPUTER SERVICE PANEL {1}
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5.1.4.7 Stabilization and Control Subsystem

The stabilization and cont:ol subsystem provides station navigational informa-
tion to be used by experiments, Orbiter, payload modules, etc., and
generates guidance commands for MOSC orbit keeping and maneuvers. The
stabilization and control equipment consists of position and velocity sensors,

electronics for sensors, computer interfaces, and display and control

elements.

This subsystem is illustrated in the assembly-level breakdown in Figure 5-13,

CR28-HII
WBS-LEVEL 5}
STABILIZATION AND CONTROL SUBSYSTEM
{ASSEMBLY
GROUPS)
ATTITUDE
REFERENCE NAVIGATION CONTROL
INERTIAL REFERENCE SENSOR INTERFACE CONTROL ELECTRONICS
UNIT (GYRO ELECTRONICS CMGs (3)
PACKAGE) (3} COMPUTER (MSFN CMG ELECTRONICS
HORIZON SENSOR {1} GROUND TRACKING} WIRING
STAR SENSOR

(STRAPDOWN!} (2)
STAR TRACKERS

(GIMBALED) {2}
SOLAR SENSORS (2)

Figure 5-13, Stabilization and Control Subsystem Assembly Breakdown

5.1.4.8 Propulsion/Reaction Control Subsystem

This subsystem provides the thrust/impulse required to compensate for
incomplete (missed) Orbiter docking attempts by controlling the resulting
space station pitch and yaw rates within specified limits. The subsystem

also provides the orbit keeping and backup attitude control.

The MOSC subsystem is a cold gas (NZ) subsystem which can be resupplied

with GNZ in orbit.

This subsystem is illustrated in the assembly-level breakdown in Figure 5-14.
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{WBS LEVEL 6) PROPULSION SUBSYSTEM

{ASSEMELY GROUPS)

ATTITUDE -
CONTROL
PROPULSION

PROPELLANT SUBSYSTEM

PROPELLANT STORAGE BOTTLES (2)

PROPELLANT RESUPPLY BOTTLES (16}
CONTROL SUBSYSTEM

FLOW CONTROL

POWER DISTRIBUTION AND CONTROL
THRUST SUBSYSTEM

THRUSTER (12)

Figure 5-14. Propulsion Subsystem Assembly Breakdown

5.1.4.9 Environmental Protection Subsystem

ORBIT
KEEPING
PROPULSION

THRUSTER (2)

CR-2¢8

This subsystem provides the passive protection for the crew against space

environmental hazards of 1) thermal conditions which must be controlled

to permit normezl daily operations and 2) meteroid penetration of the pres-

sure shell which must be prevented to assure long-duration mission safety.

This subsystem is shown in the assembly-level breakdown in Figure 5-15,
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(WBS-LEVEL 5)
ENVIRONMENTAL
PROTECTION
SUBSYSTEM
ASSEMBLY GROUPS)
THERMAL
METEORQID CONTROL
PROTECTION {PASSIVE)
METEQROID SHIELD INSULATION -
(INTEGRAL RADIATOR) HIGH PERFORMANCE
INSTALLATION
HARDWARE —

CLIPS, ATTACHMENTS, ETC

Figure 5-15. Environmental Protection Stbsystem Assembly Breakdown

5.1.5 Mass Characteristics

The MOSC vehicle and subsystem weights were developed by analyzing
system elements to the component level. Sufficient depth was generated in
the conceptual designs on requirements and definition to support this
approach when supplemented with data from earlier manned space flight
programs. The subsystem weights were reviewed for their relative defini-
tion level, complexity, and historical growth and a varying contingency
weight value was applied, The MOSC launch elements have, in all cases,
at least a 10-percent contingency allowance. Actual weights were used for
those components or structural elements selected from available hardware.
By applying a minimum contingency of 10 percent, coupled with the use of
existing spacecraft hardware data, il is believed that the resulting

weight values are realistic even at this initial study period. The major
weight reference sources were: Shuttle, Skylab, Spacelab, Apcllo-Soyuz,
plus the Beeing SEFS study and the MDAC Modular Space Station Fhase B

Study, Weight summary ground rules are shown in Table 5-3.
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Table 5-3
WEIGHT SUMMARY GROUND R{OLES

l, Subsystems and consumables required for unmanned MOSC operation
prior to first crew entry — approximately 7 days, plus first 7 days of

manned operations and 4 days emergency stores, *

2. Logistics option — consumables and components which could be shifted to
the logistics module of the second launch to increase the discretionary

payload of the initial launch or sccommodate increased subsystem weights.

3. Normal mission planning would assign the options to the firs¢{ iaunch and
maximize the discretionary payload of the second launch to accommeodate

experiment equipment/supplies.

4. Payload module weight does not include experiment equipment/supplies —

does include the module floor and lights, power and ventilation provisions.

#The emevrgency stores must match the Shuttle turnaround time for emergency
rescue, recent information indicates that 160 hours may be required for the
emergency turnaround,

The mission mass summary for the Baseline 4-Man MOSC configurations is

presented in Table 5-4,

The Baseline 4-Man MOSC first launch includes the core vehicle {i.e., the
subsystem and habitability modules) for a total launch mass of 32, 481 lbm

(14,734 kg), if all consumables for the initial buildup period and the 90-day
operational period are included.

Table 5-5 is the detail mass summary of the baseline 4-man MOSC vehicle.

WBS identification is given to enable association with the costing information
(Book 4),
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Table 5-4
BASELINE 4.MAN MOSC MASS SUMMARY

Mass (1b) [kg]

First Launch —
Core Vehicle

Second Launch —
90-Day Logistic

Launch — Nominal

Subsystem/Consumables Subsystem | Habitability | Logistic Payload
Description Module Module Module Module
Structure/Mechanical 4,279 5,496 4,977 4,762
Environmental Protection 323 575 195 489
Electrical Power 4,465 1,380 30 30
Propulsion 169 103 1,190 -
Data Management 1,532 1,344 212 443
Communication 323 821 86 14
Stability and Control 2,146 - - -
Environmental Control 1, 340 739 3,222 137
and Life Support
Crew Accommodations 816 2,194 2,391 169
Subtotal 15,393 12, 652 12,303 6, 044
Contingency 1,785 1,423 1,764 604
Inert Mass 17,178 14,075 14, 067 6, 648
Residuals/Reserves 144 816 999 227
Inflight Losses 268 — 1,458 —
Module Total 17,590 14,891 16,524 6,875
[7,979] [6,795] [7,495] [3,119]

32,481 [14, 734]

23,399 [10, 614]

Docking Module

Crew/Equipment

2,200 [998]

2,200 [998]

1,500 [680]

Launch — Total

34, 681 [15,728]

27,099 [12,289]

Discretionary Payload

Landing — Total

34,413 [15, 606]"

6,359 [2,884]"

32, 000 [14,512]*

*Inflight losses jettisoned
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Tahle 5-5

MOSC FOUR MAN DETAIL MASS SUMMARY 90-DAY LOGISTIC CYCLE

wBS

Subsystem Module (SM)

SM Logistic Options

Habitable Module (HM)

HM Logistic Options

03-02

03-10

03-05

03-09

03-67

Structure/Mechanical
Primary Structure
Fwd Conic
Fwd End Plate
Cly-Basic
Aflt End Plate
Aft Conic
Hatch/s
Fittings (Hard Points)
Turret/Tunnel

Secondary Structure
Racks/Supports
Qverhead Structure
Floor Supports
Floor
Subitoor
End Closure Floor
Airlock

Docking

Environmental Control
HPL
Rack Insulation
Radiator/Meteoroid

Electrical Power
Solar Panels & Gimbal
Mount
Batteries
Power Regulation & Control
Power Conditioning
Power Distribution

Propulsion
N, Tanks
Thrustor Modules
Distribution/Controls

Data Management
Subsystem
Data Processing
Instrumentation
Display. & Cuntrols
Experiment
Data Processing
Display & Controls
Wiring

( 4279
2886
467
134
732
134
494
172
100
653

4.0
99
77

218

913

( 323)
195

128
( 3625)

2375
420
300
470

60

( 169)
156

13

( 1532}
1326
558
262
506

206

( B40)

840

( 5496)
2935
467
1464
134
494
258
118

1648
199
154
172
436

687
913

( 575)
319

256

( 540

( 1344)
258
60
132
66
756
476
290
320

840)

840
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Table 5-5
JR-MAN DETAIL MASS SUMMARY 90-DAY LOGISTIC CYCLE
gistic Uptions Habitable Module (HM) HM Logistic Options Logistic Module IM Cargo Payloud Modute
( 5496) ) ( 4977 ( ) ( 4762)
. 2935 s 2571 EEER 2251
467 467 467
aeve 134 134
1464 732 732
134 134 134
494 494 494
258 172 172
118 218 118
- 220 cee
1648 $80 R 685
199 199 .-
154 17 117
172 86 172
436 218 436
687 .- ----
.- 913 -- 1826 .- 1826
( 575) ) ( 195) ( ) ( 489)
319 195 319
256 cen- 170
( 540) 840) ( 30 ( ) ( 30
840 420 B40
90 cen-
30 eee- 30 .- 30
{ 1063) } ¢ 20 ( 1170 ( )
- ---- 1170
90 we-- .-
13 20 “ee-
( 1344) ) ( 212) { ) ( 443)
258 R 132 cae-
60 —e- ee- e
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Table 5-5 (Cortinued)

WBS

Subsystem Module (SM)

SM Logistic Options

Habitable Module (HM}

HM Logistic Options

03-06 Communication
S-Band
Antennas
RF & Signal Processor
Ku-Band
Antennas (Hi-Gain)
RF & Processor
Internal Communication
Wiring

Stabilization & Control
CMGs (3)
Horizon Sensor
Solar Sensors (2}
Star Sensors (2)
Rate Gyros (3)
Wiring

03-08

03-03 Environmental Control & Life
Support
Equipment Thermat Control
Cold Plates
Avionics Fan
Plumbing
Heat Exchanger
E.C. Personal
Atmosphere Supply &
Cont.
Repressurization O
& N, Bottles
O, &Ny Storage
Bottles
Cabin Dump & Relief
Pump Down
Accumulator
Pressure Control
Pressure Regulator
(N2 & 02)
PLSS Recharge
Fans
Atmosphere
Reconditioner
Air Temp. & Humid.
Cont.
Contaminant Control
CO3 Removal
Airlock Pressure
Control
Catalytic Burner
Fire Control
Fire & Smoke
Detection
Fire Suppression
Ducting & Plumbing
96-Hour Pallets (Inerts)
Radiator Thermal Control
Radlator Recirculation
Radiztor Control Assy
Interloop Heat
Exvhyagers (2)
Theunytal Capacitors
Regenerative Heat
Exchanger

( 323)
274

A,
&~

252

{ 196

45
10
120

16
( 1340)

192

723

4

148

32

41

425
20

60
275

30

0S5

( 1950)
1950

( 82h)

685
525
160
16
60

( 739)
91

628

42

32

50
461

20
20

36

35

12

WMM /




med)

ogistic Options

Logistic Module

LM Cargo

Payload Module

( 86)
52
22
30

cmmm

( 119)

119

47

32

40

PREE R

( 3103)

12
20

3103

1078

2025

cwne

« 149

( 137)
30

107

35

32

33

-

LR

[ep—

35

12
20

74




Table 5-5 (Continued)

WBS

Subsystem Module (SM)

SM Logistic Options

Habitable Module (HM)

HM Logistic Options

03-04 Crew Accommodations
Restraints

Tethers
Stowage Containers
Sleep
Zero-G
ETC
EVA

Randrails

Crew Life Support

Hygiene
Urine Tanks (3)
Fecal Tanks (2)
Waste Management

Supt,
Consumables
Sink/Dryer Assy

Food Management
Oven, Chitler
Water Heater
Utensils
Food
Food Stowage

Housekeeping (see

Hygiene)

Trash Management
Compactor
Cannister
Bags & Liner
Support

Water Management
Water Separation
Water Recovery (2)
Water Dissenser
Initial Water Supply

Bottle
Cargo Handling
Furnishings
Partitions
Docis
B Conscles

Floor (see Structure)

Equipment
Tables
Desks
Bunks

Paint

Lighting - Interior

Lighting - Exterior
Docking
Orientation
Acquisition

Personal Gear

Personal Hygiene

Garments

Bedding

Miscellaneous
Portable Life Supt.

Sys.
02 Mask
IVA/EVA Life
Support
IVA Support
Pressure Suit

{ 683)

20
414
143

123

20

271
11
260

10
239
77

16

16

10

120
80,

20

(

133)
68
68

65
65
39
26

( 617}

30
186

161

10

15

-

10
391
154

80

17

92

10

-

15

17
48
15

32

40

( 1577)
138
138

141

121

20 ---

560
12
136

412
41
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Table 5-5 (Continued)

Habitable Module (HM)

HM Logistic Options

Logistic Module

LM Cargo

Payload Module

39
26

( 617)
30

30
186

161

161

10

10
15

15

10
KB
154

80
17
48
15
17

92

( 1577)
138
13

20 ----

20

560
12
136

412

412

#aam

(

152}
20

20
112

{ 2239}

2239
398

1664

146

K}

78

294

182
1235
247

169)
20

20

10
139




Table 5-5 (Continued)

WBS Subsystem Module (SM) SM Logistic Options Habitable Module (HM) HM Logistic Options

03-04 Crew Accommodations (Cont)

(cont) Crew Support . - . 738
Medical 100
RecreationfExetcise 190
Flight Ops Gear 448

Subtotaled Mass (LBM) [12470] [2923] {10235] {2417)

00-00  Contingency ( 1284) ¢ 501) ( 1024) ( 399)
Structure/Mechanical 24 —_— 82 ce-
Environmental Protection 63 .- 115 ———
Electrical Power 363 84 54 84
Propulsion 17 a-aa 10 SR
Data Management 306 cean 269 R,
Communication 65 . 164 aeea
Guidance & Control 39 390 R PR
Environmental Control &

Life Supt. 268 - 134 c—--
Crew Accommodations 137 27 123 315
Misc - PR 73 .-

Inert Mass (LBM) [13754] [3424] (11259] (2816}
Residuals/Reserves ( 144) ( ) { 756) ( 60)
Atmosphere 110 EER 184 P
Propeltant Trapped 5 cean cee- -
Radiator 22 w.n- 43 R
Cold Plates 7 B 2 .-
Water S - 60
96 Hour Pallet ---- . 527 caa
Metabolic 03 R 141
Water cenn 386
Metabolic 02
Inflight Losses ( 268B) ( ) ( ) ( )
Leakage 18
Repressurization 200
Propellant 50
Total Mass (LBM) [14166) [3424] [12015) [2876]




tinued)

HM Logistic Options

Logistic Module LM Cargo Payload Module
738
100
190
448
17] [5791) {6512] {6044]
399) ( 579) { 1185) ( 604)
29 34
39 . 98
84 3 - 3
2 117
- 42 a8
c.en 17 3
24 620 27
315 30 448 34
. 393 317
16} (63707 [7697] {6648]
60) { 92) ( 907 ( 221
.. 92 .e-- 184
101
- 43
60
806
) ( } ( 1458} )
450
1008
6] [6462] [10062] [6875]
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The second launch would include the logistic module with all the normal
logistic supplies necessary for the 90-day mission plus a payload module.

The total launch mass is 23,399 lbm (10, 514 kg) with approximately 6, 359 1lbm
(2, 884 kg) available for actual experiment equipment, based on a landing
mass of 32,000 1bm (14,515 kg). The remaining 3,700 lbm (1, 678 kg) is
allocated to a transfer tunnel and the four crew members. Figure 5-16
illustrates the cargo bay installation and resulting launch and landing

Orbiter X  CG stations. '

CR-28B

LAUNCH
NO. 1

LAUNCH
NO. 2 -

i | | | i 1
682 700 8606 900 1,000 1,100 1,200 1,302
X, ORBITER STATION — INCHES

REF: LOGISTIC MODULE MOUNTED AFT [ 'TA X, = 1302}

TOTAL WEIGHT — 1,000 LB d]\
- :Jﬁ
All
i
7]

Figure £-16. Baseline 4-Man MOSC Vehicle CG vs Orbiter Landing Envelope

The logistics options are summarized in Table 5-6 and noted by reference
asterisks. These include those slements not required during the buildup
phase. Some degree of moving mass not essential to a particular lauvnch/
mission operation to an alternate launch is possible. These data are tabu-
lated under '"Logistics Options'' and could prove to be important if the launch

or landing weight had to be reduced,
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Table 5-6
BASELINE 4-MAN MQOSC MASS SUMMARY, WITH LOGISTICS OPTIONS

Mass (lb) [kg]

First Launch
(core vehicle)

Second l.aunch
(90-Day Logistic)

Subsystem/ Subsystem Module Habitability Module Logistic Module
Consumables Logistics™ Logistics™ Payload
Description Basic Options Basic Options Basic Cargo Module
Structure/Mechanical 1,279 - 5,496 - 4,977 - 4,762
Environmental Protection 323 - 575 - 195 - 489
Electrical Power 3,625 840 540 840 30 - 30
Propulsion 169 - 103 - 20 1,170 -
Data Management 1,532 — 1,344 - 212 - 143
Communication 323 - 739 - 86 - 11
Gidance and Control 196 1,950 — - - — —
Ernvironmental Control 1,340 - 691 - 119 3,103 137
and Life Support
Crew Accommodations 683 133 617 1,577 152 2,239 169
Subtotal 12,476 2,923 10,235 2,417 5,791 6,512 6,044
[5,657] [1,326] [1,643] [1,0096] {2,62?] [2,954] [2.742]
Contingency 1,284 501 1,024 399 579 1,185 604
Inert Mass t 13,754 - 3,424 11,256 2,816 6,370 7,697 6, 618
[6.239] [1,553] [5,107] |[1,277] |[2,889] [3,491] [3,016]
Residuals/Reserves 144 - 756 60 92 907 227
Inflight L.osses 268 - = — - 1,458 -
Total Mass 14,166 3,424 12,015 2,876 6,462 10,062 6,875
[6, -}26] [1,553]=‘-= [5 450] [1,305]* [2,889] [4,564] [3,11°]
Module Total Mass (lb) 17,590 [7,979] 14,891 [6,796] 16,524 [7,495] 6.875
[kg] [3.119]

‘Total L.aunch Mass

with Options

32,481 [14,734]

23,399 [10, 614]

Total Launch Mass
without Options

26,181 [11,876]

29,699 [13,472]

Mass of items which can be shifted to an alternate

L e et
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5.1.,6 Shuttle Contamination Potential

The Shuttle Orbiter reaction control system (RCS) has the potential for being
a major source of payload contaminants. Contamination of sensitive space-
craft surfaces by exhaust plume impingement from a rocket engine is of
current concern in the design of the STS. Specifically, degradation in per-
formance of thermal control coatings and optical systems such as lenses,
view ports, reflective surfaces, and solar cells as a result of plume
impingement abrasion or contaminant deposition can result in compromises

of mission effectiveness.

The Shuttle RCS employs bipropellant thrusters using monomethylhydrazine
(MMH) as the fuel and nitrogen tetroxide (N204) as the oxidizer, Two
thruster sizes are used: (1) main RCS engine operating at a rated vacuum
thrust of 900 Ib {3,003 N} to provide attitude control and translational
capability, and (2) vernier RCS operating at : rated vacuum thrust of 25 lb
(111 N) to provide more precise attitude hold capability,

Plume contamination from a conventional bipropellant RCS engine, such as
those to be used on the Orbiter, takes one or more of the following four
forms: (1) reacted or unreacted propellant vapor; {2) incompletely burned
droplets expelled through the throat; (3) unburned propellant that impinges
upon the chamber wall and is eventually ejected from the nozzle lip; and
(4) condensed combustion products. Condensed combustion products are
usually present in negligible amounts for conventional liquid-fueled rocket

engines.

The vapors of fuel, oxidizer, or combustion products emitted during
preignition, ignition, steady-state, or post-cntoff dribble periods will form
plumes that can impinge upon various surfaces with the possibility of deposi-
tion and in-situ reaction. Contamination from this source usually takes the
form of a hazy deposit of smokelike particles (fairly uniform in size, 1 to

2 microns).

The fuel and oxidizer droplets, which are too large to burn completely in the
chamber and which are centrally directed, will pass through the nozzle

throat. These particles will be accelerated by aerodynamic forces both
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upstream and downstream of the throat, and can attain quite high velocities,
which gives this class of particles the capability of doing considerable damage
by abrasion. Incompletely burned droplets are typically liquid when they pass
th ;ough the throat, with temperatures not far from the temperature of the
propellant in the tank, When the volatile droplets pass into the low-pressure
regions of the plume, however, they vacuum-vaporize 10 to 20 percent of
their mass quite rapidly (on the order of 3 milliseconds for a 100-micron
droplet) and freeze into solid particles in distances ranging from a few inches
to a few tens of feet, depending upon the particle size and physical properties
(1.5 feet for a 100-micron fuel particle moving at 500 fps). The frozen
particles eventually vaporize completely under the influence of solar radiation;
however, this is a much slower process, At least 20 seconds are required to
vaporize a frozen 100-micron fuel particle, which in this time travels some
10,000 feet to a point where it is no longer of importance as a contaminant

source,

The third form of contamination is the propellant that impinges upon the
chamber wall and is then dragged downstream under the influence of shear
force from the combustion product gases, If this wall-film material is able
to move to the nozzle lip without being thermally destroyed, it will be thrown
off as large droplets in directions roughly normal to the axis of the chamber.,
This material is generally dark colored and shows the effects of thermal

decomposition.

Finally, certain gaseous combusion products such as HZO and CO2 may
condense into liquid or solid droplets during the rapid expansion process.
For typical liquid bipropellant engines, however, rarefaction of the plume
flow field in the region conducive to condensation usually produces a very
small amount of condensed-phas~ combustion products; those that are

produced are generally submicron in size,

There are 14 main engines located in the forward RCS modules and 24 in the
OMS pods. Figure 5-17 shows the gas plume flow field and constituents of
the combustion products for a main engine. The mass fraction, major con-
stituents, sizes, and potential contamination are listed on the right of the
figure. Figure 5-18 shows the thruster 95 percent streamline of the gaseous
phase plume. Figure 5-19 shows the Orbiter RCS thrusters 35 percent

gtreamline plume geometries.
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Figure 5.17. Orbiter RCS Gas Plume Flow Field and Constituents
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Figure 5-18, Orbiter RCS 95 Percent Steamline of the Gaseous Phase Plume
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SYMMETRICAL
ABOUT

Figure 5.19, Orbiter RCS 95 Percent Gas Phase Plume Envelopes

The vernier RCS consists of six engines. Two are located in the forward
RCS module adjacent to the main RCS thrusters (one on each side) and fire

in the down (-z) direction. Four (two on each side) are located aft on the
OMS pods. Two fire sideways, one in the +y and one in the -y direction; the
other two fire in the downward (-z) direction. Figure 5-20 shows the Orbiter

vernier thrusters 95 percent streamline plume geometries.

Of major concern are the upward-firing main RCS engines. As can be seen
in Figure 5-21, the MOSC is well within the plume boundaries during docking
operations. Rotating the solar panels to reduce the impingement area exposed

to the forward plume maximizes the areas for the aft thruster and vice versa.

It may be necessary to retract the solar panels during docking operations.
However, the extent of the contamination was not assessed heyond recogniz-
ing that a potential problem exists, It is recommended that this be the

subject of further study in future efforts.

r
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Figure 5.20. Orbiter Vernier RCS 95 Percent Gas Phase Plume Envelopes

Figure 5-21. Relationship of MOSC to Orbiter RCS Plumes During Docking Operations
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5.1.7 Vehicle Characteristics and Accommodations Summary

The information contained in Table 5-7 summarizes the payload support and

accommodations. It also includes top-level subsystem performance data.

The preceding conceptual drawings in conjunction with these performance
data establishes the baseline for the definition of alternative configuration to
the Baseline 4-Man MOSC.

5.2 SUBSYSTEMS ANALYSIS

The study approach to the development of sound MOSC configurations stressed
the study guidelines of low cost and utilization of available technology and
hardware. The baseline configuration derived in the study was based on the
analyses conducted in Task 2 — Subsystem Tradeoffs and Task 3 — Subsystem
Concept Selection. The results of this task work are summarized in this
section. A significant study result based on the study guideline of maximum
utilization of available hardware and technology was that approximately

75 percent of the components selected were in ihri category.

The mission requirements and vehicle characteristics that were used for
defining the subsystems are presented in Table 5-8. Subsystems selected
from available hardware/technology are surumarized in Table 5-9. The
primary thrust of these analyses was the preliminary definition of subsystems
to the level required for development and selection of the MOSC configurations
and for the programmatic analyses reported in Book IV, Subsystem trades

were based on operation of the MOSC facility in low Earth orbit only.

5.2.1 Structural/Mechanical

The conceptual design in this technical area was directed toward the primary

structure, vehicle structural configuration,and general internal arrangement
of modules and subsystems. In consonance with the minimum-cost ground-
rule, available hardware was selected for each possible major element.
However, detail design analyses must be conducted to verify the structural

design and identify any modifications peculiar to the MOSC vehicle.

§.2.1.1 Primary Structure
The two major elements in this category are (1) the pressure shell for the
manned modules and (2) the unpressurized pallets for mounted external

scientific equipment.
84
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Table 5-7

MOSC 4-MAN BASELINE FAYLOAD ACCOMMODATION AND

MISSION CHARACTERISTICS SUMMARY

Mission/Vehicle Parameters

Vehicle Orbital Life - 5 years

Crew Exchange Period - 90 days

Resupply Period - 90 days

Number of Crew - 4

Number of Manned Modules - 3 basic plus payload modules
Number of Unmanned Pallets - one to three

Orbital Altitude - 200 nmi nominal (100 to 300 nmi range)
Orbital Inclination - 28.5 and 90° (One facility in each orbit)
Véhicle Orientation - All axes (universal solar array pointing)
Launch Weight - 65K 1b

Planned Landing Weight - 32K lb

Subsystem /Payload Accommodation Characteristics

ECLS

- Open loop atmosphere (1 ATM-air) with LI OH or CO removal

- Closed loop water with vapor compression

Electrical Power - flexible foldout solar arrays (SEPS)

- 25 kW at 50°C

- 36 kWh batteries (12 batteries)

- 4,0 kW for subsystems

- 8.5 kW for payloads

Communications

- Audio and subsystem data, tracking - S-band, Data rates:
72,216 kbps receive; 192, 240, 576 kbps transmit

- Wide band scientific digital data, television - K«band. Data
rates: 2-4.5 MHz; 50 mbps transmit

- Research Satellite Communications 20 Channels S-band, Data
rates/channel: 32 kbps voice, 6.4 kbps command transmit;
16 kbps data; 32 kbps voice receive

Data Management

- Subsystem data processing - Orbiter equipment - centralized

- Experiment data processing - Distributed equipment (1 mbps
Serial data - 40K word memory)

Stability and Control

- Angular momentum capacity - 3 CMG's
. 2 active {18,000 ft lb-sec capacity each}
° l reserve

- Universal orientation to one arc sec accuracy (0.1 arc sec/sec
stability)
) Solar inertial
° Local vertical
) Stellar orientation

Reaction Control and Propulsmn

- Cold gas - N -

-  Total impulse - 60K lb-sec ‘
o 80 percent orbit-keeping
[ 20 percent reaction control

- Thrusters - 14 at 200 1b each
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Table 5-8
BASELINE REQUIREMENTS

I. MISSION DESCRIPTION

e Vehicle Life 5 years or more

e Emergency Supply Philosophy 96-hour capability

¢ Resupply Period 90 davs

™ Crew Size 4

® Power 12,5 kW

™ Number of Modules 4

* Orbital Altitude 200 to 230 nmi

™ Orbital Inclination 28.5°

. Vehicle Attitude Universal - no restrictions

II. EXPERIMENT (OPERATING)
e Pressurized Equipment

Pressure 1 atm
Humidity 60% max
Temperatures -28 to 44°F (240 to 280°K) !
(Typical Ranges) 32 to 103°F (273 to 313°K)
e Unpressurized
Temperatures ~118 to 62°F {190 to 290°K)
(Typical Ranges) 44 to 69°F (280 to 294°K)
71 to 89°F (295 to 305°K)
e Number of EVAls 1 every 7 days (only)
e Airlock Repressurizations 1l every 20 days (2 men)

® Thermal Control
Pressurized Active

Cooling Load 0 to 8,5 kW
Unpressurized Active
Cooling Load 0 to 8.5 kW

III. VEHICLE DESIGN CHARACTERISTICS
e Atmosphere

Composition air
Pressure 1 atm
Humidity 43°F(6°C) DP to 70% RH
Temperature 65 to BO°F (18 to 27°C)
CO2 Level 5.0 mm Hg

e Repressurization 1 time for largest compartment

* Crew Data
Metabolic Level 560 Btu/man-hr (164 W/man)
CC» Generation 2,18 1b/man-day (0. 99 kg/man-day)
O Consumption 1. 85 1b/man-day (0. 84 kg/man-day)
Water Consumption 4 1b/man-day (1. 82 kg/man-day)
Wash Water 10 lb/man-day (4. 54 kg/man-day)

%*Detail analyses of payload equipment cooling load is required to refine this
cooling load division.




Takle 5-9

SUBSYSTEMS SELECTED FROM AV.ILABLE HARDWARE/TECHNOLOGY

Subsystem Selection Source
oCrew accommodations ‘
Waste management  Centrifugal separator Orbiter
Crew equipment Restraints, pers gear, et al Orbiter/Skylab

eEnvironmental

control/life support

eElectric power

eData management
—Experiment
—Vehicle

eCommunications

eStability /control

eReaction control/
propulsion

eStructural/mechanical

1 atmosphere
Closed H20 (vapor compression)
Open O2 (LiOH for COz removal)

25 kW golar arrays (12 kW at bus)
36 kWh batteries (12)

Distributed
Centralized (1 Mbps serial data —
40K word memory)

S-band
Ku-band

CMGs (3) (18, 000 ft-1b-sec each)

Sensors (edge tracker, gimballed
star tracker, solar)

Cold gas — N,

60K -1b-sec total impulse

14 thrusters at 200 1lb each

Modular — primary structure
Docking assembly

Spacelab axperiment
Orbiter

SEPS
Orbiter

Orbiter/Spacelab
Orbiter

Orbiter
Orbiter

Skylab — Improved
Orbiter/Skylab

Skylab

Spacelab
ASTP

The MOSC pressurized manned modules consist of one or two Spacelab

13.32 feet (4. 06 m) outside diameter cylindrical segments each 8,79 feet

(2.68 m) long.

The cylindrical portion of the shell is stiffened with equally

spaced integral longitudinal ribs and rings spaced every 7.28 inches {185 mm)

along the length as shown in Figure 5-22.

Integral end flanges provide a

bolted and sealed interface with the cylindrical segments and with the conical

end dome. All stiffening ribs are located on the inside providing for equip-

ment attach points without penetration of the pressure shell membrane.

The membrane is 0.062 inch (16 cm) and the internal stiffeners are 0.98 inch

(2. 50 cm) high, measured from the outside surface.

The integrally stiffened

conical structures are used to make the transition from the 159. 8 in.
(4. 06-m) diameter to the 5, 51-foot (1. 68-m} docking interface. A conical

gsection of similar design, which must be strengthened to withstand reverse

pressure, is incorporated in the habitability module to provide an EVA airlock.
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Figure 5-22, Spacelab Basic Module

Solar Array Orientation Turret

The solar array turret is supported at the forward end of the subsystem

module by a short pressurized length of tunnel, which provides access

between logistic and subsystem modules. The reduced diameter of the

access tunnel provides an external annular clearance envelope for (1) the
stowage of the retracted foldout arrays within the 15. 0-foot diameter Orbiter
cargo bay installation envelope, 2) ope ratioﬁal clearance for the rotational
path of the solar arrays during various MOSC vehicle orientations, and

3) stowage for high-pressure gas bottles. The tunnel membrane is stiffened
by integral ribs in an isogrid pattern. The turret is a double cone configur-
-ation with a2 110-inch (2. 79-m) diameter center cylindrical section 36 inches

(0.914 m) long. An additional short section of integrally stiffened tunnel is

provided at the forward end to interface with the international docking
assembly., The tunnel would also serve as an IVA airlock for servicing the

dynamic-rotating seals of the solar array turret.
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Hatches and Viewports

The basic MOSC vehicle has a total of seven internal hatches, Of these,

four would be in the international docking assembly between the core

3

vehicle and the logistic and payload modules. Three would be internal to

the core vehicle and could ke the international docking hatch door or a full
1-m door, The proposed door is aluminum honeycomb with 0, 016-inch
2219-T87 aluminum facing. The hatch door incorporates a 6-inch (15, 24-cm)
diameter viewport located in the center of the hatch face. Mechanical force
is used to obtain proper sealing by forcing the hatch to compress the soft
sealing surface. To pressurize and equalize pressure between compart-

ments, adjacent valves would be provided in the hatch structure bulkhead.

The external hatches are located in the EVA airlock of the habitability
module and the international docking assemblies at both outer ends of the
vehicle. The EVA hatch would be an adaptation of the 1-m internal

hatch., The international docking assembly hatches are 31.5 inches (80 cm)
clear diameter. Two types of hatch movement were considered for opening
and storing the hatch door. Depending on the location and local clear area
stowage envelope, a swing hinge or an open and translate mechanism would

bhe used.

In addition to the 6-7 inch diameter viewports provided in each hatch,
general viewing windows are provided in each habitability module. Each of
the individual crew quarters incorporates one 11, 8-inch (30-cm) diameter
viewport, In addition, the Baseline 4-Man MOSC cenfiguration incorporates
two 11, 8-inch (30-cm) diameter viewports in the wardroom. The habitability
module is equipped with a flanged ring of 51, 18 inches (1. 30 m) internal
diameter to provide accommodation for a mission-dependent optical window
and viewport. The ring is located on the top centerline and convenient to

the mission equipment.

5.2.1.2 Secondary Structure

Docking Structure

The initial evaluation of the international docking assembly, Figure 5-23,

determined that it could meet some of the MOSC operational requirements
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CHARACTERISTICS
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MAINTENANCE —~ EVA

ENVELOPE ~ 30 IN. X BOIN.
HATCH OPENING — 310 N,
CLOSING VELOCITY — 0.16-1.0 FT/SEC

Figure 5.23, International Docking Mechanism

but would require meodifications or MOSC program ground rule changes to he

fully acceptable.

The docking assembly engagement velocities and alignments are satisfactory
as the nominal Orbiter translation velocity is 0.5 ft/sec which is midrange
in the docking assembly requirement. However, the order-of-magnitude
difference in the momentum energy level and its effect on the attenuation
system must be analyzed. The feature permitting emergency undocking
with a separation impulse meets MOSC requirements. Also, the interface

seal leakage of 10 to 15 grams per hour at 1 atmosphere is acceptable.

The ground rule for clear passage through the MOSC requires a 1-m diameter
capability. The clear opening of the docking assembly hatch is approximately
30. 5 inches (80 cm). This will require evaluation to assure satisfactory
movement of crew, consumables, and equipment. A procedure for mainte-
nance and/or repair and a method of transporting interfaces across the

docking assembly will also be required.
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5.2.2 Environmental Control/Life Support Subsystem

This subsystem is very sensitive to technology section for extended-duration
missions, as the configuration span ranges from the fully open Skylab class
to the fully closed advanced-technology class requiring minimum resupply.
The MOSC Study analysis considered these two limits within the study guide-

lines of assuring a mission performance consistent with low cost. ;

Of particular importance to the MOSC Study were the physical requirements
of weight, volume, power, and program costs. Cost effects were considered
at two levels. First, cost was used in the evaluation of the candidate ECLS
concepts, such as carbon dioxide control method. Secondly, ECLS sub-
system cost was used as an element in the assessment of the MOSC as the
initial space station for accomplishing space research and applications. The

results and comparisons are presented in Book IV, Programmatics.

5.2.2.1 Requirements

The overall requirements are considered to be minimum for ECLS support
of both space station operations and the payload activities based on crew and
electrical power heat loads, and are within the availahle radiator area of the
MOSC concepts. Additional capability was provided to ensure that a flexible
MOSC would be an orbital facility with sufficient resources to support growth

versions.

5.2.2.2 Candidate Concepts

The alternate concepts for performing the various ECLS functions can bhe
categorized with regard to closure, i.e., the degree of recovery for reuse
of oxygen and water. Open-loop concepts cost less initially and are simple;
however, resupply costs may be high for large crews and long-duration
missions. Conversely, closed-loop concepts are more complicated and
cost more initially, but resupply needs are minimal. Lower-level subsys-
tems options also exist within the various alternates available for a given
degree of closure. The number of alternates considered for the MOSC was
reduced hy an initial screening that eliminated all but the most competitive |

subsystems and those currently receiving NASA development funding.
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Figure 5-24 presents the ECLS subsystem alternatives that were considered
and also shows the sequence and flow of trade data. The trade study options
and recommendations are summarized in Table 5-10, and more detailed
results are given in Figures 5«25 through 5-28,

CR-288
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Figure 5-24. ECLS Tradeoff Methodology

The subsystem tradeoffs were based on total launch weight and cost. Final
selections, however, were based primarily on cost. This selection criterion
can be changed as the program evolves if launch weight becomes critical.
Cost penalties used included launch fixed and expendable weights, and power
and hardware nonrecurring and recurring costs. Launch costs were based on
approximately $12 million per launch and a 32, 000 -pound payload (maximum

return weight) and a 65, 000-pound payload (maximum launch capability).

Of the trades listed in Table 5-10, two are major in nature and are discussed
in detail; these are open versus closed oxygen and single water recovery
concept versus stored water. All other trade analyses support these two

primary trades. Unless otherwise noted, the power costs were derived from
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Table 5-10 (Page 1 of 2)
ECLS SUBSYSTEM TRADE STUDY SUMMARY

Trade Alternates=/Options Rationale/Results Recommendations
CO;, removal method e LiOH Shuttle Orbiter system LiOH - Initial advantage and
- open loop e Skylab mole sieve Skylab scaled to four-man commonality with Orbiter
system
LiOH saves $5 million initial
development

CO;, removal method e H2 depolarization
- closed loop ® Molecular sieve

O2 recovery method @ Bosch
- closed loop ® Sabatier

Open vs closed O3 e LiOH + gaseous O
¢ Hy depolarization,
Sabatier with
water makeup and
and electrolysis

Potable water ® Air evapouration
recovery method @ Vapor compression

Wash water recovery e Multifiltration
vs stored e Stored

“Depends on launch costs

Costs over entire MOSC
mission are even

Initial costs are comparable H) depolarizer - Lower power

Molecular sieve competitive costs and well -developed
only where cheap heat space station prototype
source available

Initial costs are comparable Sabatier - Comparable cost,

Bosch power cost is offset by simplicity, and low pro-
Sabatier's low efficiency gram risk

High initial costs for closed Oz Open O3 - Lower costs,

High power costs for closed simplicity, and lower pro-
O3 offset by high resupply gram risk

cost for open Op

Comparable initial costs and Vapor compression -
total costs Comparable costs, ease of
Heat source needed for air operation, and better-
evaporation developed space station
prototype
Higher initial cost for recovery Wash water recovery - Saves
High resupply cost for stored $2.5 to $13 million¥* over
water entire mission
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Table 5-10 (Page 2 of 2)
ECLS SUBSYSTEM TRADE STUDY SUMMARY

Trade Alternates/Options Rationale/Results Recommendations !

Potable water ® Vapor compression Higher initial costs with vapor Potable water recovery -
recovery vs e Stored water compression (= $15 million) Lower total program costs g

stored High resupply costs for :

stored water over entire
program (up to $17 million¥)

Single water ® Vapor compression Vapor compression costs Single concept - Costs less
recovery concept for wash and (= $15 million more than separate concepts
vs stored potable water initially but saves $17 to Large cost savings over ‘_‘

® Stored water $52 million* over entire entire mission '
® Vapor compression mission) Simpler and less program risk
for potable and for single concept

multifiltration for
wash water —

v6

“*Depends on launch costs
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TOTAL COST {MILLIONS OF DOLLARS)
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an earlier study in which a modular space station was STS=-launched and solar-
cell powered. Power costs derived in that study were $2. 13 and $2. 39/watt-
day.

Figure 5-25 presents the oxygen recovery trade analysis which, for the crew
size and cost penalties identified for MOSC, determined that OZ recovery is
not cost effective. Further data were developed for other crew sizes and cost
penalties, as shown in Figure 5-26. These data show that O, recovery is

cost effective only with large crew sizes {i.e., six or greater); low power
input, and high launch costs. Even though the total launch weight is reduced
by about 68, 000 pound for a projected MOSC mission traffic model of 10 years,
the open-loop oxygen system is selected for its lower total cost, simplicity,

and commonality with the Orbiter subsystem.

Figures 5-27 and 5-28 present similar data for water recovery. Because of
the relatively low power requirements for water recovery and high resupply
weights for water resupply, water recovery is favorable from ~ost and weight
standpoints, An initial investment of approximately $15 million would result
in a $20 to $50 million saving, dependiug on launch costs. Launch weight
savings of over 200, 000 pounds would be expected. Figure 5-28 indicates
crossover point sensitivity to crew size and launch weight/cost penalty. Power
cost is not included because the crossover point was found to be relatively
insensitive to this parameter. These data also show that water recovery
costs less for crews of two or greater and at launch costs more than

$157/1b for the effective mission traffic model of 10 years. Based on the
positive trend of large cost savings and reduced total launch weight, water

recovery was selected for the MOSC conceptual design.

5.2.2.3 Recommendations

Based on the cost and weight tradeoffs described in the preceding paragraphs,
open oxygen and closed water loop concepts are recommended. The selected
concept uses the Orbiter LiOH concept for COZ removal and gaseous oxygen
resupply. A gaseous resupply was selected over a cryogenic O2 resupply in
consideration of reduced program risk, lower initial cost, and operational
flexibility,
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A single vapor compression unit is recommended to purify wash, condensate,
and urine water for reuse by the crew. Selection of water recovery assumed
the use of foods with low water content, Water recovery would be less
attractive if food with more natural water content were selected at a later
date. In this event, only wash water recovery, using multifiltration or

reverse osrnosis, would be considered.

The thermal control sysiem selected for MOSC consists of space radiators
around the exterior of the habitability module, and either single or dual
circulating fluid loops. Use of a single loop using PP50 would be contingent
upon results of current studies being conducted by NASA. A dual loop would
use Freon in the radiator loop and water in the interior loop. Initial analyses
show that about 11 kW can be rejected from a long habitability module MOSC,
This performance may be marginal, and additional radiators may be neces~-

sary on the subsystem and logistics modules.

5.2.2.4 Baseline ECLS Subsystermn Description
The ECLS subsystem was defined to meet the requirements presented in
Table 5-8 derived from the trade analyses selections presented in the previous

paragraphs.

Figure 5-29 is the schematic diagram of the baseline ECLS subsystem. Key
elements are identified to show the general design and subsystem arrangement
in the modules. The configuration and major components were selected on the
basis of low cost, and as such represent state-of-the-art technology and
minimum redundancy. With this approach, a design that meets the low-cost
criterion while retaining a high probability of mission success was defined.
Necessary precautions were taken in the design to ensure crew safety.

This is accomplished by providing two separate pressurized modules with
complete emergency provisions in each compartment in the form of integral
emergency pallets. Sufficient redundancy at the component level and selec-
tion of simple concepts ensures a high probability of mission success,
Excentions to the redundancy philosophy have been taken in the thermal
control system and the water recovery system, where redundancy at the
component level is not expected to be adequate to obtain a sufficiently high

reliability and so redundancy has been incorporated at the assembly level.
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Table 5-11 presents the detailed equipment list giving assembly character-

istics and locations. The spares requirements, lines, liquids, and support

structures were not included.

Referring to Figure 5-29, the ECLS equipment is primarily located in the r
subsystem module. Normal makeup oxygen and nitrogen are stored in the
logistic module and supplied at reduced pressure {(approximately 100 psia) to
the pressure control assembly in the subsystem module, which adraits gas

to the cabin in controlled amounts to provide an atmosphere equivalent to the
composition of air at 14, 7 psia. Sufficient 02/N2 gas is stored in the sub-
system module to repressurize the largest module. This supply also
provides makeup Olez, if required, during unmanned periods before the

logistic module is docked.

Atmosphere cooling is provided both in the subsystem and habitability |
modules, A condensing heat exchanger in the subsystem module serves

to provide air cooling and control humidity. The habitability module heat
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Table 5-11
BASELINE 4-MAN MOSC ECLS SUBSYSTEM EQUIPMENT LIST

Expendahles
Fixed Equipment (30 day}
No. Weight Volume Power Weight Volume
Equipment Req'd {1b) {cu ft) (watts) {1b} {cu ft) . Location

O, and N, Storage 5 2025 77.5 0 1256 77.5 SM/LM

Repress. Air Storage 1 405 15,5 0 200% 15,5 SL/LM

Qxygen Pressure Regulation i 20 0.4 2 0 0 LM

Nitrogen Pressure Regulation 2 40 6.8 4 0 1] lin LM, 1 in SM

Atmosphere Pressure Control 1 28 0.6 24 0 0 M

Cabin Dump and Reliei 3 20 6.5 36 0 0 1 in each module

Airlock Pressure Control 1 7 0.1 0 0 0 HM airloek

PLSS Recharge 1 0.5 6,02 0 0 0 LM

Cabin Fans 2 72 4,4 606 0 0 1in HM, 1 in 5SM

CO, Control 1 9 5.5 3 1069 53 SM/LM

Humidity and Temp Gontrol 2 70 2,4 36 0 4] 1in HM, 1 in SM

Water Separation 1 11 3.3 44 0 0 M

Distribution Ducts and Control Set 137 15 ¢] 0 0 All modules

Valves

Avionics Fans 2 32 2,2 486 4] 0 1in HM, 1in SM

Avioniecs Heat Exchanger 2 92 3,2 6 1] ] 1lin HM, 1 in SM

Contamination Monitoring 1 33 1 50 0 0 SM

Fire and Smoke Dotection 2 24 0.8 40 0 0 1 each in SM and HM,
sensors in LM

Fire Suppression 2 40 1,4 ] 4] 0 1in SM, 1 in HM

Water Recovery 2 360 9 57 31 1.8 Redundant units in SM

Catalytic Burner 1 80 4 9 20 0. SM

Water Dispenscr 1 15 1 26 0 0 HM

Cooclant Water Circulation 1 10 6.3 33 0 0 SM

Radiator Circulation 2 40 1 274 0 SM airtight
compartment

Interloop Heat Exchanger 2 60 4 0 0 0 SM airtight
compartment

Thermal Capacitors 10 275 2.5 0 0 0 5M airtight
compartment

Regenerative Heat Exchanger 2 30 F4 0 0 1] SM airtight
compartment

GCrew FPrebreathing 4 40 2 0 0 1 Airlock area

Cold Plates 16 135 4.2 0 ] 4} 4 in SM, 2 in HM,
10 for thermal
capacitors

Portable Life Support 4 412 28.4 o N [ HM airlock

Emergency Pallets 2 940 18 a 0 0 End modules

*Not normally used

exchanger only provides sensible cooling'. Sufficient cool air is passed
through distribution ducts to the logistics module to cool the small amount of

equipment located there.

Separate avionics cooling loops are installed in the subsystem and habitability

modules for the purpose of air cooling rack-mounted avionics. This concept
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reduces the possibility of cabin atmosphere contamination by outgassing
avionics and also increases heat rejection efficiency over cabin air-cooling
techniques. Separate avionics cooling is not necessary in the logistics

module because there will not be any operating avionics located there.

A contamination monitoring unit is located in the subsystem module for the
purpose of measuring key contaminants that might be anticipated in the
MOSC. The unit is a combination mass spectrometer and gas chromatograph

and serves the additional function of experiment support.

Fire and smoke detection is provided by dual units located in subsystem and
habitability modules. Sensors for the units are provided in all MOSC modules
and would be located adjacent to potential fire hazards. The fire suppression
subsystem consists of fixed equipment in avionics bays, and hand-held units

for augmentation and to cover areas where the probability of a fire is low.

Potable water for crew consumption and hygiene is provided by a water
recovery subsystem which produces potable water from crew urine, wash
water, and condensate. The system consists of redundant vapor compression
assemblies, each of which is capable of processing all water needs for an
18-hour time period. Sufficient water storage is provided for 2 days of

crew needs. This allows for transient crew output/usage and compensation
for maintenance downtime. A water dispenser supplies hot and cold water

for crew use.

Portable life support units are stcred near the airlocks for crew use during
EVA and emergency rescue operations. Prebreathing apparatus is located

in the same area. Emergency pallets are located in each of the two outer-~
end modules. This includes the logistics module and pressurized payload
modules; however, if an unpressurized payload pallet is docket to the habit-
ability module, then the emergency pallet is located in the habitability module.
The units support the crew in the event of a failure of the primary ECLS sub-
system and/or a hazardous condition requiring crew rescue. Each emergency
pallet contains essential life-support elements for four crewmen during the

4 to 7 days projected for a minimum turnaround STS rescue mission. These

include potable water, food, cooling, atmosphere purification, and power supply.
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The thermal control subsystem consists of dual fluid loops with heat
rejection via an externally mounted radiator system. The radiator loop
uses Freon 21 circulated through radiators located on the habitability and
subsystem modules. The initial analysis determined that this provides a
marginal radiator area. Detailed analysis may determine the need for
additional radiator area on the logistic or experiment modules, Thermal
capacitors are installed in the Freon loop to damp orbital fluctuations in

radiator performance.

Heat is transferred to the Freon loup from the internal water loop via an
interloop heat exchanger. The temperature of the Freon entering the inter-
loop heat exchanger is controlled by a regenerative heat exchanger. A
portion of the Freon passes around the radiator to obtain a constant 35°F
temperature. This ensures that the water-loop temperature does not fall

below the freezing point.

Redundant Freon loops are provided because of this element's criticality
and the difficulty of maintenance. To prevent possible contamination of the
MOSC atmosphere, all Freon equipment is located external to the habitable

area or in a sealed compartment in the subsystem module.

The internal water loop collects heat from the various heat exchangers and
cold plates within the modules and rejects it to the interloop heat exchanger.
Redundancy' is provided in the water loop at the component level, i.e.,
interloop heat exchanger and pumps. Other heat exchangers and lines are
not redundant because they are static components and maintenance of them

is practical.

Thermal control provisions are not provided for frozen food refrigeration
in the baseline concept. If frozen food is later added to the crew's menu,
provisions for a refrigeration subsystem must also be added. Inasmuch as

the MOSC mission guidelines do not restrict the orbital attitude, use of the
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Skylab radiator concept for refrigeration subsystem heat rejection may not
be practical. Addition of a suitable flat radiator also may cause Orbiter bay
envelope difficulties, which would dictate a deployable concept. Other
approaches to a refrigeration subsystem may be necessary, such as the heat
pump or thermoelectric concept.

5.2.2.5 Growth Subsystems

Important ECLS subsystem design considerations result when the growth or
. alternative versions of MOSC are contemplated. Larger crew sizes for

=‘ example result in larger expendable resupply requirements, which place

i more emphasis on closed oxygen and water loops. The baseline design

1 recovers water, but not oxygen. The larger the crew size above the four-
man baseline level, the more attractive oxygen recovery will hecome. Due
to the relatively low initial cost of the open-loop oxygen concept, an oxygen
recovery subsystem can be added to a future design because the total cost
tradeoff should shift toward the closed-loop subsystem.

Several advanced missions also may be considered for MOSC, such as
synchronous, interplanetary, and lunar, which would require more costly

resupply. All these concepts make closed ECLS subsystems virtually a
= requirement.

The tradeoffs performed to select the MOSC ECLS concept assumed unlimited
availability of Orhiter launches to support MOSC. Restrictions could very
well occur at a later date, depending upon traffic models, Shuttle turnaround
time, and availability of Shuttle vehicles. Under these conditions, closed
ECLS systems would be reconsidered hecause fewer Shuttles launches

would be available for resupplying expendables.

The closed-loop oxygen subsystem would be required in all the examples of

MOSC growth configurations mentioned.
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5.2.3 Crew Accommodations Subsystem

5.2.3.1 General Habitability

Initial definition of crew operations and requirements was established on the
bhasis that the MOSC will be a2 continuously manned operational space system.
Thus, the study evaluation was a composite of Skylab experience gained in
pioneering the extension of R/D manned space flight (SL-4 was 84 days)
and advanced manned space studies, in which detail timelines and operations
analyses were conducted in defining the sophisticated operational space

facility, based on a high-traffic mission model.

Manned spaceflight experience, in particular the Skylab program, has shown
that in ‘general, a unidirectional {one-g) orientation of spacecraft interiors

is the most habitable and perceptually adaptable approach. This approach
has been followed in the Shuitle and Spacelab programs and will allow
maximum utilization of existing structures and facilities in MOSC. A general
adherence to a one-g orientation, however, should not prevent the utiliza-
tion of the weightless environment to provide the most effective use of the
interior volume such as vertical bunk's, overhead stowage, and multiple

orientation of crew quarters.

Various interior layouts and crew timeline studies have shown that the
optimum arrangement for spacecraft in the 14-foot diameter range is with
the floor parallel to the longitudinal axis. Utilization of this arrangement

also maximizes the use of Spacelab structural and interior elements.

5.2.3.2 Crew Quarters

In the MOSC hé,bitability module, quarters exist for each of the crew which
contain a sleep restraint, adjustable lighting, adjustable ventilation,
communications, a writing surface, crew restraints, and stowage provisions
for personal equipment, off-duty equipment, tissues, bedding, garments, and
trash. Isolation from sound and light is important and can be provided by

design, materials, and location of the crew quarters.
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Each of the crew quarters has a minimum free volume of 80 ft3, with a
floor-to-ceiling dimension of approximately 78 inches.

5.2.3.3 Personal Hygiene/Waste Management

The three-man Skylab crew found that a single combined waste management/
hygiene compartment caused operational timeline inefficiency. Accordingly,
the MOS C configurations for crews of four provide separte hygiene and waste
maﬁagement areas to allow a more efficient utilization of crew time. Each
area should provide a minimum of 70 ft3 of free volume. The equipment to
be installed in the waste management compartment includes: fecal collector/
processor, urine collector, tissue storage, and contingency urine/fecal col-
lection bags. Personal hygiene items (i. e., hand/body) are stored outside the
waste management compartment. Personal hygiene is accomplished in a free
volume adjacent to the storage cabinets. The waste management compartment
would be acoustically and physically isolated from the remainder of the
module. The air flow would be into the compartment with filtered outlet air.
For the three-man crew configuration a single combined hygiene/waste

management compartment with a minimum volume of 100 ft3 was provided.

In all cases, the urine and fecal collection subsystem is based on air flow
entrainment. The use of direct bag collection would be considered as a

contingency approach.

Partial- and whole-body cleaning will be accomplished by wash cloth wetting/
rinsing, using air flow entrainment for water collection. An enclosed
chamber ''sink'' has self-serving entrance ports for the hand and a window
for viewing. Water is supplied from a water heater through a manual
dispenser. Soap may be in bar form or liquid in a dispenser. Air flow,
which is supplied by an integral blower, carries water, or soap and water,
to a centrifugal phase separator. The separated air passes back into the
compartment, and the water/soap mixture is piped to the water recovery
system. Proven flight-tested elements of this approach are available from
Skylab equipment and a flight version of this approach may he developed
for the Orbiter.
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Although a whole-body shower is not a hasic requirement, it should be
considered as a means to improve habitability and, consequently, proficiency,

Considerable improvement in convenience, effectiveness, and crew time
over previous flight units must be made if positive benefits are to be pro-
vided. Equipment for personal grooming and dental hygiene will consist of

standard Skylab items modified with Orbiter-developed improvements,

The fecal/urine collectors will be the same as the units being developed for
the Orbiter, with any design improvements resulting from initial Orbiter
flights.

Several studies have been made of providing a laundry capability to clean
clothing, bedding, towels, washcloths, and wipes. The weight penalty for a
"throwaway'' approach to these expendables is significant. For a four-man
90 ~day MOSC mission, these items would total approximately 600 pounds
and 35 ft3. Previous conceptual studies have concluded that develop-
ment of a laundry is feasible and advisable in view of these penalties.

A detailed study including development hardware is required before this
decision can be finalized. A major parameter in such a study, in addition to
such obvious factors as weight, cost, and technical feasibility, is the
quantity of consumables that would still be required as contingency items in

case of laundry system failure.

5.2.3.4 Food Management

The food storage, preparation, and eating facilities should have sufficient
volume to permit concurrent food preparation, eating, and cleanup by the
entire crew. A pantry concept that allows access to individual food items

has been included. A hot and cold water dispensing system and a resistance
oven similar to those used by the Orbiter would be provided. The pantry is
sized for seven days of food storage for the entire crew. It is stored onboard
for the first launches of the MOSC four-man baseline and six-man-growth

configurations so the initial crews can devote their full time to commissioning
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the MOSC. Subsequently, the pantry permits the crew to transfer food on
a weekly cycle, thus minimizing the frequency of trips to the logistics module

and the crew time required for operational activities.

The food management/wardroom volume is 450 £t3. The food preparation/
serving system being developed for the Orbiter will meet the minimum
MOSC requirements. However, the addition of frozen food should be
considered together with its support equipment requirements, as food variety
plays a major role in crew well being and morale. The longer duration of
the MOSC missions accentuates the need for providing improved crew

habitability features to rnaintain crew proficiency.

5.2.3,5 Trash Management

Assuring adequate provisions for the effective collection and stowage of
trash is critical. The Skylab mission generated approximately 2,2 £t3 /man/
day of trash. About 65 percent of this was biologically active trash, such
as food waste and tissues, and the remainder was passive trash, such

as packing material, Since MOSC does not have the advantage of the

2, 200-ft3 trash tank on Skylab, the amount of trash inherent in the hasic
consumables must be minimized. Trash also represents a discretionary
payload weight and crew time line penalty. A new method of deactivating and
storing the trash must be devised. A reasonable estimate of trash generation
on MOSC might he 1. & ft3 /man/day, or a total of 540 ft3 for a 90-day period.

A trash compactor appears to be an effective solution to the problem of
reducing trash volume to a reasonable amount. This would reduce an anti-
cipated 540 ft3 of trash to about 135 ft3. The trash would be stowed in the
habitability module and the logistics module as volume becomes availahle.
All trash would v e transferred to the logistics module for return to Earth.
Development of trash collection and the compactor is required, Development

of an optimum means of deactivating biological trash is also required.

5.2.3.6 Crew Conditioning

Apollo and Skylab experience proved the importance of maintaining the
crew's physiological status., Crew conditioning facilities have been provided,
Based on this background and the crew mission debriefing recommendations,
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sufficient volume for a minimum volume of 70 ft3, with one dimension at
least 78 inches, is required. This volume, which can be shared for other
activities, is readily available in the main passageway and in the four-man
habitability module adjacent to the EVA airlock.

5,2,3.7 Crew Restraints and Mobility Aids

Based on Skylab experience, a basic foot restraint capability should be
provided throughout the vehicle. With few exceptions, foot restraints will
provide adequate restraint for all tasks while allowing large reach envelopes
that can be effectively exploited in zero-g. Special restraints for unique

tasks such as sleeping are required.

Although much locomotion will be accomplished by cuntrolled soaring, a
system of handholds should be provided for body control and temporary
restraint. Specific handholds are not always required; existing items and

structures can provide this capability in their basic design.

It appears that development of crew restraint and mobility aids beyond those
being developed for the Orbiter and Spacelab is not required. Some experi-

ments may require the development of unique approaches however.

5.2.3.8 Equipment/Cargo Handling

Flight experience has shown that large objects can be effectively moved about
in zero=-g by a crewman using special handling aids. In fact, it is multiple
small items, e.g., carrying bags, that tend to be a problem and require

special provisions,

5.2.3.9 Consumables

Food will be stowed in the logistics module, the habitability module pantry
will be restocked every 7 days. In order to maintain a 4-day contingency
supply independent of that in logistics module, a storagé volume for an
11-day supply must be provided in the habitability module., Contingency
items, such as backup fecal collection bags, only require storage volume for

8 days.
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5.2,4 Electrical Power Subsystem

5,2.4.1 Power/Energy Requirements

The total requirements of the power and energy support subsystems include
both the MOSC subsystems and the payload groups. Figure 5-30 summarizes
the energy andpower requirements for MOSC payload groupings operating
from 7 to 90 days. As may be seen, power levels of approximately 5 kW
satisfy"all but three experiments—vhich require 8 and 10 kW, Using
Spacelab subsystem estimates of 3.9 kW, and adding a communications sub-
system allowance of approximately 300 W based upon Modular Space Station
data results in total power requirements of 12. 2 to 15 kW, with the upper

end satisfying all experiments.
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Figure 5-30, Baseline 4-Man MOSC Electrical Power Subsystem Requirements

5.2.4,2 Candidate Concepts

Initial candidate concepts for power subsystems included fuel cells, rigid and
lightweight roll-out or fold-out solar arrays, radioisotope thermoelectric
generators (RTG's), and Brayton cycle power conversion systems. As a

regult of the excessive reactant weight required for missions exceeding
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7 days(as shown in Figure 5-31), the fuel cell concept was elinimated. RTG's
were eliminated due to the low output (150 W) of existing units. Rigid arrays
were eliminated due to excessive weight and the assumption that the develop-
ment of foldout arrays stemming from the Solar Electric Propulsion Stage
(SEPS) program will confinue. The final candidates were, therefore, flexible
solar array/battery systems and Brayton sjstems fueled by plutonium-238
(Pu=238) or curium-244 (Cm-244),

As shown by Figure 5-31, 1;he use of the lightweight SEPS flexible solar
arrays results in the lowes*-weight system.. The greater weight of the
Brayton systems to due to the thickness of lithium shielding, as shown in
Figure 5-32. Shield thicknesses were sized to maintain an acceptable crew

radiation dose rate,.

Figure 5=33 presents the bus power available compared with the solar cell
and/or radiator panel area requirements of the various concepts. Although

not directly tradeable, the Brayton cycle radiator area is of concern,

1 CR28
FOLDOUT/ROLL OUT
SOLAR ARRAY/BATTERY
6MO MISSION
14}
12:MO MISSION
- FUEL CELL
“é 2 7.DAY MISSION
o RIGID ARRAY/BATTERY
@ 6-MO MISSION
w 12-MO MISSION
< v}
|+
i)
3
b 244¢, B
7 m203 BRAYTON CYCLE
2 8 12M0 ﬁﬁssnon ,h
@ B 10 REM/YR AT 10 FT P
L -
238pu0 2 BRAYTON CYCLE
] 2 FUEL CELL
12.M0 MISSION,
] 10 REM/YR AT 10 FT 30.-DAY MISSION
o L i ) ] 1 ] | 4 ]
o 1 2 3 4 5 6 7 . 8 9

POWER SYSTEM WEIGHT (THOUSANDS OF POUNDS)
Figure 5-31, Power Subsystem Weight Versus Power Level for Candidate Concepts

110




ot

THERMAL POWER LEVEL (kw)

7 o DOSE RATE (MREM/HR] cA-288
2 10 321
60
/ 12
-y ¥ N aa——
50 i
| b
i
“of- w 2
1
mH— ! "l
(]
- - 7_ 7 " m——
BRAYTON CYCLE ELECTRICAL
] RATING (kWe)
201—
—— Py - 238
oms ems Cm - 244
DOSE RATE MEASURED
10 10 FT FROM HEAT R
SOURCE CENTER LINE v
9  (DENSITY)
6 LiH = 00282 LB/IN3
7
0 L ] ] ] ] ]
0 5 10 15 20 25 30 a5
LiH SHIELD THICKNESS (INCHES)
‘ SHIELD THICKNESS FOR A Pu02 SOURCE
Figure 532, Brayton Cycle Radiation Shield Thickness Versus Power Level
‘CR28
18 r ¢
DEPLOYED SOLAR ARRAY AREA
16} FUELCELL ______| BRAYTON CYCLE | FOLDOUT/ROLLOUY —
RADIATOR AREA | RADIATOR AREA RIGID TYPE_ TYPE

BUS POWER LEVEL (kWe)

L //F'

)

12 / A
10 F‘J

RADIATOR TEMPERATURES (OF)
| INLET § OUTLET
8 FUEL CELL 210 140
Z BRAYTON CYCLE| 287 67
8 |
0 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000

SPACE RADIATOR — SOLAR ARRAY AREA (FT2)

Figure 5-33. Power Subsystem Energy Transfer Area Vs Power Level

"




inasmuch as it competes with the ECLS subsystem for available external
vehicle surface area. (Since the thermal control system, in rejecting 11 kW,
already uses the surface area of the subsystem and habitability modules, the
only remaining surfaces for the Brayton system's use would be those of the
logistics and payload modules). In the case of solar arrays, area and
location will require analysis due to shadowing and the torque required to
move the solar arrays, which must be handled by the stabilization and control

system.

5.2.4.3 Recommendations

The lightweight flexible SEPS array, provides approximately the required
solar panel area for the MOSC configuration. Assuming the continuing
development of the SEPS, coupled with the lack of available radiator surface
area for the Brayton radiator helium-xenon working fluid, results in a
recommendation of the SEPS solar array as the most attractive candidate for

the power subsystem.

5.2.4.4 Baseline Electrical Power Subsystem Description

The electrical power subsystem (EPS) is composed of the major assemblies
and subassemblies listed in Table 5-12, The EPS design provides a beginning-
of-life (BOL) support capability of 13.2 kW for experiments and subsystems
after deducting battery charging requirements, as shown by the load analysis
of Table 5-13. This is further reduced to 12, 8 kW with 8. 6 kW allocated to
experiments due to a distribution loss of 4%. The end-of-life {(ECL)
experiment allocation is 5,4 kW assuming a maximum degradation of 5%

per year for a period of 5 years.

The solar array energy source consists of two independent wings with
foldout panels deployed and retracted by "Astromast' masts. This concept
is based upon the Lockheed Missile and Space Company (LMSC) design for
the SEPS; MSFC Contract NAS8-30921. Each wing is further divided into
two independently regulated and controlled power sources, each of which
supplies regulated power to either or both of the two main 28-VDC buses, as
shown in Figure 5-34. A potential exists for a reductioa in panel area of

approximately 40 percent with use of gallium arsenide solar cells which are

e o e e et e~
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Table 5-12

BASELINE ELECTRICAL POWER SUBSYSTEM EQUIPMENT LIST

Unit Total
Components aned Welpht Powerll)  Volumae Welight Powoer Volume
Subassecmblies Quantity {ih) W)y 11t3y {1h} W) 113 Souirce Location
Sola  Array
Array Panols 2z 405 - 1i¢ Blo - 220 SEPS.LaiC 5M
Array Cannisler 2 250 180 500 0 48 MSS/LMSC sM
(30" 1 x 60" M) {Momuentary) tavg)
Mass Adsembly 2 300 tnel) 400 - - MS5/LMSC 5M
Orientation Assemnbly 1 463 100 1 463 100 1 MES/LMSC
Sun«Sensing Aszembly 2 1 5 0.1 ] 0.2 MSS M
Subtotals 2,375 110 269.2
Pawer Source Regulation
and Conl ol
Regulalory 4 60 - 1.0 240 - 4.0 MsS M
{10 kW max, 7.5 kW avg)
Power Control Unit 4 14 - 0.1 60 - 0.4 -~ 5M
{10 kW max)
Sublotals 00 = X
Encrpy Storage
Battery 6 205 - 1.5 1,230 - 5.0 MSS SM
(28 Cell (7x4) 28V, f 205 - 1.5 1,210 - 9.0 MSS i
30% D of D1 year)
Rattery Charger 6 5 - 0,1 30 - 0,6 MS5S 5M
Battery Charger 6 5 - 0.1 30 - 0.6 MSS HM
Suhtotals 2, 520 - 19.2
Power Conditinning
400 Iiz Inverter 3 40 180 4,5 120 540 1.5 DAC{DC-10) 5M
(1. 2 kKVA}
60 Hz Inverter 2 40 250 0.5 160 500 1.0 S/L SM
(1.0 kvay2)
28 VDC Regulator/ ] 15 160 0,1 90 600 1.8 MsS 5M
Converter R
(1,0 kW) 6 15 too 0,3 90 60n 1.8 MSS HM
Power Distribution
Primary Distributor . 1 30 B L0 30 - 1.0 WL 5M
Secomdary Distributor 1 30 - 1.0 3n - 1.0 5M
H 30 - 1.0 kI3 - 1.0 M
Subtotals Ty -~ 3.0
Power Display & Control
AC Control/Display 1 6 - 0.3 6 - 0.3 M
Panel
DC Control/Display 1 12 - 0.5 12 - 0.5 5M
Panel
Primary Switching t ] - 0.2 8 - 0,2 5M
Panel
Secondary Switching 1 10 - 0.4 i0 - 0.4 SM
Panel 1 10 - 0.4 10 - . 0.4 HM
Subtotals a4 - LB
Interior Lighting
Swilching Panel 1 20 - 0.2 20 - 0.2 S/L M
1 20 - 0.2 20 - 0.2 S5/L HM
Area Lightingl3) B 5 24 0,2 40 142 1.0 5/L M
4 3 30 0.1 12 120 0.3 5/ 5M
6 5 24 0,2 30 144 1.0 5/L HM
Portable Lighting 2 3 24 0,1 6 44 0.2 MSS SM
2 3 24 nl & 14 0.2 M55 i
Subtolals 134 662 il
Exterior Lighting 4 5 24 0.2 20 petd) 0.8 MSS 5M
Dacking 4 5 24 0.2 20 y4fdl 0.8 MsS 5M
4 5 24 .2 0 g4} 0.8 MsS M
Orientation B 2 5 0.1 I 40(4) 0.8 Mss M
8 F L 0,1 11 4004} 0.8 MES HM
Acquisition 4 10 100 0,2 40 400 0.8
Subtotals Zie 1,224 T.1
{522 avp)

(1) Array and battory power lusses are included in the computation of 12 kW bus power ve. 25 kW array powor.

{2} 50 Hz inverter may he substituted for ESTEC missions,
[3) SM: b6 Ceiling, 2 henchfconsole, HM: 4 atrlock, 6 ceiling.

{4) Maximum values are shown for short«term lighting. Tha mission average approaches zero,
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Table 5=-13
ELECTRICAL LOAD ANALYSIS

115/200V 115V
400 Hz 60 Hz
28 VDC 3¢ AC 1¢ AC Total
Support Requirement (kW) (kW) (kW) (kW)
Subsystems 2.6 1.3 0 3.9
Communications 0.3 0 0 n.3
Experiments 5.5 1.6 1.5 8.6
Total Load 8.4 2.9 1.5 12,8
Digtribution (4%) 0,3 0.1 - 0.4
Total 8.7 3.0 1,5 13.2

Note: Power values shown are average load requirements.

concurrently in development by Varian. The array regulation assembly uses
sequential partial shunt. regulators for maximum efficiency and linear voltage

control range.

The deployment assembly deploys the lightweight foldout array by extending
the Astromast assembly from the containment canister. Deployment may

be either partial or complete; array retraction is also available if

necessary to permit Orbiter/MOSC module docking and/or MOSC module
recovery by the Shuttle Orbiter. The orientation assembly provides two-

axis gimbal orientation under control of the sun-sensing assembly. Recycling
is accomplished during eclipse after each orbit by a clutch-coupled brush-
and-slipring assembly for each array wing. Rewinding of power cables is
controlled by a stored-energy rewinding spring and inertial speed governor,
which are released after the brush and slipring plates are decoupled. When

rewinding is completed, the plates are recoupled by the clutch assembly.
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The primary switching panel in the primary distributor allows power flow
from the four solar array wing segments to be directed to any group of three
energy storage subassemblies. Four such energy storage groups (a total of
12 batteries) are provided, with two in each station module., Thus, two
totally independent power subsystems and two separable sources per sub-
system are provided for high reliability, and these are normally operated

in parallel at the main DC bhuses. Switching is performed by remote control
circuit breakers (RCCB's) under multiplex control by the DMS.

The energy storage assembly consists of twelve 28-cell, 28-volt, 50-ampere-
hour, hermetically-sealed, temperature~controlled (10 to 20°C), nickel-
cadmium batteries, each with its own battery charger and battery discharge
converter/regulator. These batteries, with modules replaceable on orbit,
provide all the MOSC power during orbital eclipses, emergency power, and
initial deployment and exchange of the subsystem module. The nominal
average depth of discharge is 30 percent (70 percent maximum during normal
operation), yielding a median battery lifetime and resupply period of one

year. The discharge converter/regulator provides DC voltage boost and
regulation during eclipse periods, while the sequential partial shunt regulators

and the solar array provide regulation during periods of sunlight.

Secondary distribution and switching panels are provided in the subsystem
and habitability modules. These receive and combine the solar power

and battery as desired (normally in a fully parallel mode), provide a
switching capability for electrical power subsystem reconfiguration,

and supply power to the 400- and 50-Hz inverters. Switching is performed
either manually or remotely by RCCB's for load brancl circuits, depending
on the criticality and type of load, accessibility of the switch, and cable
size with regard to minimizing weight.

The inverters provide redundant 115/200 V, 3¢ 400-Hz AC power to all
station modules, and 115 V 1¢ 60-Hz AC power to the habitability module,
experiment module, and logistics module. A third 400-Hz inverter is

provided for emergency power and backup to the two normal inverters.
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Remote power controller subassemblies are provided for AC and DC load
circuit control and protection, These are located according to assessments
of weight savings and remote multiplex control requirements for such
circuits. Each controller consists of a group of one or more multiplex-

controlled switches, supplied by a common main bus RCCB.

Key electrical power subsystem specifications are listed in Table 5-14.
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ELECTRICAL

Fupwtilon
Sulir Array Ty
Array Chrleptation [elve
1rawser 'L s bo e Mothol
Hattvry ‘Lypo/ Capav iy
Batteey Charge Contend

Voltage Hegulatln
Prewerr 3 ranemineion
Irowar Gonlitloning

Pawar Switehing anet Control

Table 5-14

POWER SUBSYSTEM SPECIFICATIONS

Tlexthle, folitant, laasl s BMSC dnskgn far SIS,

Synchrotmen, ronthmsun-delve, MDAC dosigu.

Spleal enil, tealliog eabbe, unwonmt durbng oelipse with a power clutch assuinbly.
Nichelsradivnium, 40 nmpaeashones.

Floetrienl awitehing, coll voltagn eutaflf, thied=alued rode lachap, Lulupondent
wha e ol ks birgo af 12 hatto ko,

Arrsyt Seguantial puretlal shunt, closed<lonp cant rol,
Wnttory:  Jvdun width madulatlon tPWM) saerine [huck/boont), closedsloop contral,
G NG converte rf roguintar,

A 100 parcont gotdundant, diroct=coevant, with differential proteciion,

Mulk regulating for X5 modulator, roduardant, aonpa ralaled invertnrs for AC;
currust=llndted prolocon,

Solid statn for 1nw powor, elactromagnetic for high power, remote powor control
by mwitipioning, Auwtomatic DMS suporvivory contra! with munual diuplay.

Lacal manual vontenl for iwclation and backup, Romole contrel by telemetry tor
unpiannued operation,

Awsumbly

Selar Array

Orientation

Energy Storage

EPS Waight

Transmisston

Distrihution

Favtor Doulgn
Plankot Area 2, 66R 1t (248 m?)
Wings 2
Segmants{ Wing H
Panels/Segment TRD

Wing Area and Dimonsions
Panel Area apd Dimensine
Solar Cells

Regulated Array Voltage
Initial Arroy lower

Suntight/ Felipso Perbils
{300 nam})

Dep radation Rates

Gimhal Axes
Gimhal Hange
Gimhal Angular ltatn

Orientation Accuracy

CeH Capavity
Itaplaceable Moduln
Rattory Slzo
Nattery Dimensions

Battery Welght
'atal Batterios
Inttial Launch Weight

‘Total EPPS Wetyht Onhoard
Depth of Discharys

Dasign Life
Emeargency Gapacily

{12 hatterivs)
Tuamparaturn Contenl

Voltago
Ciecuils/Cably Hizo
Nominal Gurrant per Cable

Loal Buk Average
Power

Loarl Terninal Yoliage

| B 1S
RIGINAL PAG .
%v POOR QUALITY

1,334 1t% (126 m%); 3m x 4m (1, 180 tn. x 157 in)
326 142 (30,4 m2; (76. 2 em x 3Y8. B cm)(30 In, x 157 in.}

250, 920 cells; 2 cm by 4 cm, N/P silicon, 11.4 parcent
clficiency bare at atmosphare zero. 28°Ci Bemil cellas
with 6+mil covers; 2-ohm-cm hage resistance

28 + ] percent VDC
25 kW at mast (heginning of tife)
56 min/ 36 min

10 percent {mind in S yoars; 25 parcent (max) [n 6 years

2
fr +1BO deys BB - - 235 rlen

4 deg/min tracking: ¢2 des/min for unwinding cable or
180 rleg /imtn for rotary clutch rotay

8 dep

5 amp=hr
Four cellk; 25 I/ mocdule
ZH cally; 7 modules

L13 in, 133 cm}, W 18 ip, {46 em), 1115 in.
{38 cm}

205 11
12 .
2,460 1h (12 hatiarios)

6, 271 1h fincluding 389 1h nf lightinu}

Normal: 30 porcant average, 70 pofeant maximum
Contingancy: H0 porcont

Normal: 1 yoar
Continguacy: 300 cycles

At Tul) charge: 36 kWhr
At minimum {30 pervent) 1harge: 10,8 kWhr

10* tn 20° € ranpu, 13°C donign point

261 & parcont, 115) 3 VDG
4fdowbla Al #EH/0
250 A

188: Initiai -~ 13. 2 kW :
Saycar ~ 12,0 kW with 1€ percent min degradation
9.3 kW with 30 percent max. degradation

2R + 2-1/2 pereent, =7 percenl VG; 115/200 1+ 2-1/2 percent,

~7 percent vac; 400 | 1 parcent e, 3-phoso, sine wava;
115t 10 parcent vac, 60 1 | parcont Itz
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5. 2.5 Communications Subsystem

£.2.5.1 Requirements

The requirements for experiment analog and digital data transfer are listed
by experiment groups in Table 5-15 and Figure 5-35. The major requirement
shown in the table is one TV channel for 12 hours of continuous transmission
and two TV channels for 1. 6 hours of continuous transmission. The major
requirement from Figure 5-35 is a continucus 10 Mbps over a 12. 5-hour

period, This rate is subject to review and possible reduction, and a lesser
rate would actually be accommodated.

5.2, 5.2 Candidate Concepts -~ Communications
The requirement for continuous data transfer over an extended period of

time can only be accommodated by the Tracking and Data Relay Satellite
Systems ( TDRSS).

The proposed reduction of the Space Tracking and Data Network (STDN) to
six stations (two others being retained for launch support) further substanti-

ates the TDRSS requirement. Figure 5-36 illustrates the various communica~-

tions links that must be furnished, and the composition of these links,

As indicated, the primary link between the ground and the MOSC is the
TDRSS; the STDN links are retained for backup. In addition, communications
links are provided with the Orbiter for station activation and resupply, for

crew EVA operations, and for satellite spacecraft controlled by the MOSC.

The requirement for two video (4. 5-MHz) channels, assuming C-02 require-
ments may be halved by time sequencing, will require the use of one of the
two Ku-band single-access (KSA)} channels with a bandwidth of 225 MHz, The
Orbiter Ku-band transponder, operating in the FM mode, is presently being
designed for one video channel, and an 8. 5-MHz carrier above baseband,
which is suitable for modulation by the two-voice and 128-kbps subsystem
telemetry channel. Inasmuch as the expected bandwidth should not exceed
30 MHz, a second transponder carrying another video channel and up to

2 Mbps of experiment data is feasible. Obviously, care will have to be
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Table 5-15
EXPERIMENT REQUIREMENTS FOR ANALOG/VIDEO TRANSFER

m
MOSC Analog Color TV " B&W TV
Payload Hours/
Group No, | Channels, Freq | Hours [|Channels | Hours ||Channeis | Channel
C-01 - - - - 1 12
2 1.6
c-02 - - - - " 4 [9.6, 1.5
i 0.24, 1.5
c-03 - - - - - -
C-04 l, 4MHz 6.5 - - - -
C-056 1, 4MHz 6.5 - - - -
C-06 1, 4MH= 6.5 TBD TBD TBD TBD
C-07 - - - - - -
Cc-08 - - ) 2.0 - -
Cc-09 - - - - - -
C-10 - - - - - -
c-11 - - - - Z 1.5, 1.5
Cc-12 - - 2 1 1.0
C=-13 - - 2 1 1.0
C-14 - - - - 1 9.3
C-15 - - - - Z -
C-16 - - TBD TBD TBD TBD
C-17 TBD 1.5 - - - " -
Cc-18 - - - - " -
C-19 TBD TBD TRBD TBD TBD TBD

taken to separate the carriers, ensuring that intermodulation products of the
form ZV‘IZ»W1 and ZWI-Wz fall outside channel bandwidths; TDRSS amplifiers
operating in a saturated mode require that careful attention be paid to

intermodulation products. !

Although the need to accommodate 10 Mbps of digital data on the return link
is considered questionable, the allocation of a S-band single-access (SSA)

channel providing two sub~channels in quadriphase at 6 Mbps total {maximum)

e
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also is advisable, Should the need occur in the future, the Ku-band
transponder could also transmit data at 50 Mbps (150 Mbps Vitterbi coded).
However, only this one transmission would be possible in the available band-

width, and its use is expected to be infrequent,

Similarly, all the various link requirements can be met with Orbiter hard-
ware. Since these will have been developed, and production units manu-
factured, the only communications equipment subject to trade analysis
appears to be S-band phased arsrays baselined for Tug versus Orbiter S-band
transmitters and antennas. Figure 5-35, which presents ihe experiment
digital data requirements, also contrasts transmitter power versus l-watt/
element phased arrays as a function of data rates. Examining these data,
eithar a 10-W transmitter and the Orbiter 0. 6-m antenna or a 25-element
phased array would meet the SSA requirements. However, unless the phased
arrays oce developed under the Tug program, they would require a detailed
cost trade analysis.

5.,2.5.3 Communications Subsystem Description

The communications subsystem, whose major assemblies 3nd components
are listed in Table 5-16', is almost entirely composed of Orbiter or modified
Orbiter equipment. It provides a capability for ranging and data transfer
between the Tracking and Data Relay Satellites (TDRS) and the White Sands
ground station, the Spaceflight Tracking and Data Network (STDN), and also
contains a low-power S-band system for MOSC /Orbiter or other free-flying
vehicle communications. During the time frame that the MOSC will be
operating, it is projected that communications subsystems will alrac st
exclusively use the TDRS systern, with the STDN retained for baciup or

emergency use only,

As shown in Figure 5-37, the S-band transponder assemblies operate in
either the TDRS or STDN modes; the former mode requires that signal
amplification be provided by the power amplifiers for transmission via the
quadrant antennas and the preamp on receive. In the latter mode, full duplex
voice and data transmit/receive is offered in addition to Doppler frequency

turnaround, with the transponder operating in a coherent mode; tone ranging
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Table 5-16

COMMUNICATIONS SUBSYSTEM EQUIPMENT LIST

SI &9vq TVNIDIIO

Unit Total
. Weight Power  Dimensions Weight Power Volume
Equipment List Location Quantity {1b) (W) (in.) (1b) (W) {in. A Source
S-Band Antenna Group
PM Antenna SM 4 2 NfA 4x4x%x3 8 N/A 132  Orbiter
FM Antenna SM 2 2 N/A 4x4x3 4 N/A 96  Orbiter
Payload Antenna SM 1 2 N/A 4x4x3 2 N/A 48  Orbiter
Switch Assembly SM 1 8 * Bx5x7 8 N/A 280  Orbiter
Ku-Band Antenna Group
Antenna HM 3 25 N/A Diameter = 2 75 N/A N/A Orbiter
Deaployment Assembly HM 3 150 N/A Length = 180 450 N/A N/A Orbiter
{Includes Mast) {Modification)
S-Band RF and Signal
Processing
- Preamp Assembly SM 1 20 25 19x 6x7 20 25 800 Orbiter
3 PM Transponder SM 2 23 15 19x 6x7 46 15 1, 600 Orbiter
Power Amplifier SM 1 30 25 19x5x7 30 25 660  Orhiter
FM Transmitter HM 2 30 24 19 x3x7 60 24 800 Orbiter
Payload Interrogator SM 1 20 10 19x5x7 20 10 615  Orbiter
PM Signal Processor SM 2 18 12 19 x4x7 36 24 1,060 Orbiter
{Modification}
FM Signal Processor SM 1 15 10 19x4x7 15 10 530 Orbiter
Payload Signal SM 1 15 10 19x4x7 15 10 530  Orbiter
Processor :
Doppler Extractor SM 2 15 10 19x4x7 30 20 1,060 Orbiter
Ku-3Band RF and Processor ' i
Electrical Assembly HM 1 142 300 19 x 15 x 7 142 300 2,000 Orbiter
(Modification)
Signal Processor HM 1 18 8 19x5x7 18 8 660  Orbiter
(Modification)
Internal Communications
Audio Communication SM 1 9 11 19x4x7 9 11 530  Orbiter
Control Unit
Audio Terminal Units HM 1 4 2 19x3x7 4 2 400 Orbiter
HM 3 4 2 19x3x7 12 6 1, 197
PM 1 4 2 19x%x3x7 4 2 399
LM 1 4 2 19x3x7 4 2 400 )

*100 W while switching

et
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Figure 5-37. Communications Subsystem — Block Diagram
is also available, Baseband data on reception will consist of 216 kbps in the

TDRS mode and 72 kbps'in the STDN mode. Provisions for space ground link

subsystem compatibility will be removed from all units.

The FM system, consisting of redundant transmitters and a signal processor,
provides a wideband communications capability with the ground. Provisions
are included for video (4.5 MHz), multiple digital (60, 128, 480, 1024 kbps),
and analog (300 kHz to 4 MHz) inputs. Hemisphere antennas are selectable
via the antenna switching assembly. Both the FM and PM systems are pri-
marily intenced for the transfer of engineering data, although experiment

support is certainly feasible.

The Ku-band single access system is provided for experiment data transfer.
The Orbiter signal processor will require modification to permit the transfer
of two simultaneous video signals with 4. 5-MHz bandwidths. Data rates to
50 Mbps will be provided on a time-shared basis, Three Orbiter 0. 6-m

(2 -foot) antennas will be utilized, together with booms and boom-mounted
preamplifiers. Booms will be extended to allow antenna to be nested between
the SM and HM when the MOSC is mounted in the Orbiter cargo bay.
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The Orbiter's payload interrogator and signal processor will be used to
provide command and engineering data transfer during the premanning phase,
and for voice communications between the MOSC and Orbiter thereafter.
Twenty channels are available on transmit and receive, capable of 40 kbps

(8 kbps command, 32 kbps voice) in the transmit mode and 48 kbps (16 kbps
telemetry, 32 kbps voice) in the receive mode.

Communications subsystem performance is summarized in Table 5-17.

5.2.6 Data Management Subsystem

The processing requirements for definition of the experiment data management
subsystem are shown in Table 5-18. The major requirements, assuming
simultaneous experiment operation, are seen to be: rapid access memory,

6. 5E4 words; bulk memory, 5E7 words, and speed {operations/second),

1Eé6 words.

Table 5-17
COMMUNICATIONS SUBSYSTEM PERFORMANCE CHARACTERISTICS

1. S-Band/Ground o Reception/detection of 216 kbps, 72 kbps
Transmission of 192 kbps, 240 kbps, 576 kbps

Duplex RF operation with coherent frequency
turnaround ratio of 240/221

e Doppler extraction
Noncoherent RF transmission

¢ Tone ranging turnaround

2. S-Band/Satellite @ Receive and transmit at one each of 20 channels

Provide full duplex communications (32 kbps
voice, 6.4 kbps command transmit; 16 kbps
data, 32 kbps voice receive)

3. Ku-Band/TDRS ® Provide continuous transmission capability
over 85 percent of orbit

Transmit data at a 50 Mbps rate

Simultaneously transmit two TV channels
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Table 5-18
EXPERIMENT REQUIREMENTS FOR COMPUTER PROCESSING

MOSC Rapid Access Bulk
Payload Memory Memory Speed
Group No. (words) {words) (ops/sec)

C-01 1.6KE4 (8E3) 5E6 1E5 (5E4)
C-02 2,424 (8E3) 2E6 1. 12E5 (5E4)
C-03 TBD TBD TBD
C.04 TBD TBD TBD

E C-05 1. 1E4 (9E3) 1.2E5 3.4E4 (3E4)
C-06 TBD TBD TBD

| C-07 TBD TBD TBD
C-08 TBD TBD TBD
C-09 6.5E3 (3.5E3) TE5 1.2E5 (7TE4)
C.10 9.2E3 (2.5E3) 2.1E2 1E5 (3E4)
C-11 TBD (4E3) TBD TBD (4E3)
Cc-12 2E4 (2.4E4) S5ET® 1E6 (BE5)*

3 C-13 2E4 (2.4E4) 5E7 1E6 (5E5)*

: C-14 6. SE4% 1E6 1E5

C-15 1. 6E4 1E6 1E5

‘ C-16 TBD TBD TBD

C-17 TBD TBD TBD

{ G-18 N/A N/A N/A
C-19 TBD TBD TBD

{ ) Equivalent 32 bit words

* Maximum single (serial) requirement

The recording requirements are shown in Figure 5-38 and Table 5-19, with
the major requirements of 10 Mbps for 12 hours, and 3 channels of video

for 8 hours.

Although many concepts may be hypothesized for subsystem data management,
the availability of Orbiter systems and software coupled with the reliability
afforded by the redundancy embodied in their design and the elimination of
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Figure 5-38. Experiment Requirements for Digitat Data Storage

development costs makes the selection of any alternate configuration very
unattractive. Referring to Figure 5-39, it is readily apparent that the
equipment configuration is as suited to MOSC as it is to the Orbiter.

Use of Spacelab equipment supporting subsystems was also considere-d, but
it was not adaptable due to emphasis on manual operation. Also, its .ajor

functions are data acquisition and display.

Review of the requirements for experiment data management and checkout
reveal that rapid access and bulk memory requirements are within the range
of existing computers, but that data processing rates, due to experiment
grouping, exceed the capabilities of single processors (1,000 versus

400K ops/zec). The alternatives are to centralize the processing in two
computers, or use a multiprocessor or a distributed system containing a
single processor for centralized control and program storage. The latter
concept would use minicomputers dedicated to individual or unique
experiment processing tasks, as shown in Figure 5-40. Due to the magnitude
of processing requirements, the Spacelab design that is being developed

embodying the centralized concept does not have the high capacity required,
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Table 5=19
EXPERIMENT REQUIREMENTS FOR ANALOG/VIDEO RECORDING

MOSC Analog Color TV B/W TV
Payload Channels/ Hours/
Group No. Frequeacy Hours Channels | Hours | Channels| Channel
C-01 - - - - 2CH 12, 1.6
C-02 - - - - - 1.5, 1.6
0.24, 1.5
C-03 - - - - 3CH -
C-04 ICH, 6KHz 0.5 - - 3CH 8.0
1CH, 4MHz TBD
C-05 1CH, 5MHzx 0. 125 - - 3CH 8.0
1CH, 4MHz TBD
C-16 TBD TBD TBD TBD 3CH 8.0
1CH, 4MHz
Cc-07 | - - - - - -
C-08 2CH, 10MH=z {11.8, 2.5 - - . - -
C-09 - - ICH | TBD c -
C-10 - - 1CH TBD - -
Cc-11 - ' - - - I1CH 1.5
C-12 - - 2CH TBD 1CH 1.0
C-13 - - 2CH TBD ICH 1.0
C-14 - - - - ICH 1.5
C-15 - - - - ICcH 1.5
C-16 - - TBD TBD TBD TBD
C-17 - TEBD - - - -
C-18 1CH, 10MH=z 3.4 - - - -
C-19 TBD TBD TBD TBD TBD TBD

and its input/output unit (I/O) would not support two processors. In addition,
the constraints on data acquisition and transfer imposed by the existing I/0,
data bus, and remote acquisition unit specifications would result in experi-
ment integration and design problems. Considering the features of the two
systems, as presented in Figure 5-40, the distributed system appears to be
more suited to a changing experiment environment than does the centralized

concept.
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For the remaining function, data storage, the alternatives are whether to
provide support for the requirements as listed or to only provide temporary
storage; with the availability of continuous data transfer via the TDRS, the
need for storage of the magnitudes indicated should be subjected to detail
analysis. This is particularly true when comparison of the rates for real-
time data transfer and storage are the same, suggesting similarity of
material. Furthermore, at the rates shown, the magnitude of recording
tapes required for a 60- to 90-day mission would constitute a storage and
handling problem of some magnitude. It is recommended that only temporary

storage of data using Spacelab 30-Mbps and 6-MHz recorders be contemplated.

5.2.6.1 Baseline Subsystem Description

The data management subsystem is composed of the equipment categories
listed in Table 5-20. It is divided into subsystems and experiment categories
due to the nature of the equipment available and the difference between
subsystem and experiment processing requirements. As illustrated by the
source column in the figure, almost all subsystem equipment is available
from the Orbiter program. This is further amplified by Figure 5-41, which
shows the portion of the data management subsystem dedicated to vehicle
support. This portion is identical to the Orbiter basic configuration, with
the exception that some standby redundancy has been eliminated along with

those systems provided for the ascent and descent portions of the mission.

For subsystem support, data management is seen to include data acquisition
equipment consisting of multiplex/demultiplex (MDM) and PCM units. These,
in turn, channel engineering data to the general-purpose processor via the
data adapter (input/output processor). Inasmuch as the function of the sub-
system (excluding guidance, navigation, attitude, and power control functions)
is to perform subsystem monitoring via limit checking, standby redundancy

gwitching, and resource management, no mass memory appears to be needed.

The standard multipurpose CRT is provided for format storage and data
‘isplay. The maintenance and loop recorder concept of the Orbiter is
retained to record anomalies and/or malfunctions for later transfer to the
ground, Fixes would be incorporated in replacement units transferred to
orbit by the logistics module. The caution and warning system is included in
its entirety, as is the closed-circuit TV for monitoring external operations.
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DATA MANAGEMENT SUBSYSTEMS EQUIPMENT LIST

Tutal
Weight Powor Dimenelone Weight Power VYolumae
Equipment Category Location Quantity (1) W) {in. } {Ib) (W) {in, 3} Source
Subsysiem Data Procossing
Speoch Synthesizer 5M 1 4 10 6x4x3 Conliguration Varlable New
Computer M 2 59 337 19x10x7 118 337 3,000 Orbitey
Data Adaplet M 2 59 300 19%x 10 x7 118 300 3,000 Qrbiter (Madified)
C & W Logic Unit SM 1 22 30 19x4x7 22 30 530 Orbiter
PCM Unit SM 2 30 30 19x5x7 60 60 1,320 Orbhiter
Mux/Demux sM 4 30 30 13x10x7 120 120 3,640 Orbiter
HM 2 40 60" 1, 820
Loop Recorder sM 1 30 45 W0x4x7 30 45 280 Orblter
Maint. Recorder M 1 45 60 16x 14 x7 45 60 1,590 Orbiter
Timing Unit 5M 1 26 30 19x10x7 26 30 1,330  Orbiter
Master Alarm Unit 5M 1 10 15 Tx4x7 10 15 196 Orbiter
Video Switching Unit 5M 1 5 NfA 7x4x%3 5 NA 84 Orbiter
Subsystem Instrumentation HM 1
TV Cameras SM 1 2 20 2-in. Dria, 2 20 31  Orbiter
HM 3 i0-in, Length 2 20 30
Stgnal Conditioning 5M 6 30 40 13x10x7 180 240 5,460 Orbiter (Modified}
90 120 2,730
Transducers M 200 0.4 N/A 2=in. Dia. BO Na NA Qff Shelf
HM 100 %=in. Length 40 NA NA
Subsystem Display/Control
Mission Timer 5M i 8 10 9x5x4 8 10 400  Orbiter
Event Timer SM 2 4 ] 6x5x%x3 8 16 180 Ovbiter
CRT/Xeyboard 5M 1 50 120 19x 15 x 12 50 120 3,400  Orbiter
Display Processor SM 1 60 84 19x10x7 50 B4 1,330 Orbiter
Remote Control/Display HM i 60 120 19x10x7 Configuration Variable New
C & W Annunetator Assy. SM 1 & i5 6.8x4x3.9 ) 15 112 Orbiter
HM 1 6 15 112
Computer Service Panel SM 1 24 30 19x4x7 24 a0 532  Qrbiter
Teletype SM 1 15 15 12x 6x 6 15 15 432  Orbiter
Video Monitor SM 1 35 60 19x 13 x 14 35 60 3,700  Orbiter
Discrete Control/
Display Panels SM 4 75 15 19x3=x7 300 60 1,600 New
Exporiment Data Processing
' Specech Synchesizer HM 1 4 10 Gx4x3 Configuration Variable New
i Comm, Processor HM 1 35 115 19x8x7 35 115 1,056  Oif Shelf
1 Input/Output Unit HM 1 20 45 19x8x5 20 45 750  New
i Mass Memory HM 1 45 60 loéx 14 x 7 45 60 1,590  Orbiter
‘[ Exper. Processor HM 1 3 13 4x%x4x3 Configuration Variable Off Shellt
PM 2
i Digital Recorder { Low Rate) HM 1 45 60 16x14x7 45 &0 1,590 Naw
| Digital Recorder {Hi Rate) HM 1 100 367 19x 18x 12 100 367 4, 100 Spacelab
i Video Recordet HM 2 70 200 19x18x 7 Configuration Yariable Spacelab
! Digital Multiplexer HM 1 15 20 I3x5x7 Configuration Variable Spacelab
| Analog Multiplexer HM 1 30 30 19x10=x7 Configuration Variable New
i Analog to Digital Converter HM 1 15 20 1PB3x5x7 Configuration Variable Naow
| Fault Logic Unit HM 13 15 24 I3x5x7 Configuration Variable New
i PM 1
: Scan Converter PM 4 198 300 §3 x 13 x 30 Coafiguration Variable New
Video Switching Unit HM 1 ] N/A 19x3x3.5 6 N/A 200  Orbiter
Experiment Display/Control
CRT/Keyboard HM b 50 120 19 x 15 x 12 50 120 3,400 Orhiter
Misaion Timer HM 2 B8 10 19x5x4 16 20 800 Orbiter
PM 2 Configuration Variatle
Event Timer HM 1 4 8 6x5x3 4 8 90  Orbiter
PM 2 Configuration Variable
Display Processor HM 1 60 84 19 x10 x 7 60 84 1,330 Orbiter
Computer Serv. Panel HM 1 24 30 19%x4x7 24 30 530 New
Video Monitor HM 2 35 60 19 x 13 x 14 Configuration Variable Orbiter
Oscillograph PM 1 28 40 19%x 13 %7 Configuration Varlable Now
X-Y Plotter : PM 1 35 60 19 x 13 x 14  Configuration Variable New
Microfilm Unit PM 1 60 20 19 x 19 x 28 Configuration Variable New
Fauit Annunciator HM 1 6 15 Tx4x4 Coanfiguration Variable New
PM 1 Configuration Variable
Remote Control/ Display HM 1 60 120 19 10x 7 60 20 1,330 New
PM 2 Configuration Vartable
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Figure 5-41, Baseline 4-Man MOSC Data Management Subsystem -- Vehicle Suppart

The experiment portion of the data management system is illustrated in
Figure 5-42,

prcgrams, such as high rate and analog video recorders, the system repre-

While much equipment is retained from the Orbiter and Spacelab

sents a marked departure from the large computer baseline previously
incorporated in the Space Station Study and in Spacelab. Instead, a central
processor is used for communications among a number of small experiment-
dedicated computers and some centralized computer peripherals, such as
mass memory, displays and printout devices. The advantages of this
configuration are as follows: software integration is reduced, system sizing
is optimized and total hardware costs are reduced, the experimenter has a
computer to use during experiment development and simulation costs are
reduced, the computers constitute a pa 't of the experiment and are not

chargeable to MOSC, and costs are spread over the life of the program.
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In addition to the baseline system, other equipment has been included, such
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as an oscillograph, X-Y plotter, scan converter, etc., which may or may

not be required on every flight and/or which may be included as general

purpose equipment in a payload module.

Although not included in the basic

Spacelab configuration, some equipment such as an analog multiplexer,

a digital multiplexer (soon to be incorporated in the Spacelab baseline per

NASA/ESRO agreement), and a fault enunciator panel are also provided,

The performance characteristics of data management subsystems are

summarized in Table 5-21.
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Table 5-21
DATA MANAGEMENT SUBSYSTEM PERFORMANCE CHARACTERISTICS

1. Subsystems e Fixed-point, binary fractional
Floating point, hexadecimal fraction
® Addressing modes: base plus displacement,
indexed, indirect, relative, extended,
immediate
® Asynchronous memory, 800 psec cycle,
400 psec access, 36 bit words
Direct memory access to 450K words
24 serial buses, 1 MHz, Manchester Code
Variable configuration multiplexer interface
adapters, sequence control units, A/D con-
verters, interface modules, power supplies
Built in test
GMT, MET Clock (IRGIB), 4.608 MHz, 1 kHz,
100 Hz, 10 Hz, 1,0 Hz contingency frequencies
e Multifunction CRT and keyboard
2. Experiments Provisions for 6 central computer peripherals
Provisions for 4 satellite computers

1 Mbps serial data bus rate

24K word memory (Central Communications
Processor)

® 16K word memory (Satellite Processors)

5.2.6.2 Subsystem Checkout Concepts

For the communications and subsystem portions of the data management
sy.tem, the checkout concepts embodied in the Orbiter system designs will
obviously hold true for the MOSC, i.e., the degree of sclf-test embodied

in the various units and assemblies will not be changed. However, while
fault detection and the automatic or manual selection of backup units may not
be pertinent, the degree of fault isolation to be performed by the crew must

be considered.
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Whether the crew should be involved in the diagnosis of faults within a line
replaceable unit (LRU) depends upon the following:

® Can the crew repair the unit?

e Is it a cost-effective use of their time?

e Does it reduce the requirements for ground support?

The answers to these questions cannot be provided until all equipment has
been selected and evaluated for real-time repair by the crew. An an initial

approach to MOSC planning, it is recommended that repair be limited to the
replacement of LRU's.

The alternatives for experiment checkout are as varied as the experiments
themselves. Rather than attempt to impose a rigid philosophy, it is suggested
that each category be allowed to employ those methods best suited to its
particular problem. The flexihility afforded by the distributed processor
system allows this method of operation.

5.2.6.3 Recommendations

It is recommended that Orbiter equipment and software be used for subsystem
data management and checkout. Experiment data management subsystems
should utilize Spacelab high-rate digital and video recorders and whatever
supplementary data acquisition and formatting equipment, such as subcarrier/
frequency multiplexers and switching units, is suitable. Software modules,
written in high-order language, are also directly transferable. The major
experiment processing equipment consisting of computers and 1/0 should be of

new design. Peripherals for control, display, and bulk memory may be
Orbiter units.

The subsystem checkout features are summarized in Table 5-22,
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Table 5-22.
SUBSYSTEM CHECKOUT CHARACTERISTICS SUMMARY

Automatic fault isolation to the line replaceable unit (LRU)
® Automatic switching to standby unit for critical LRUs

within TBD seconds after crew notification of fault

Manual override for all LRU switching operations

Failure and trend analysis capability

5.2.7 Stabilization and Control Subsystem

The stabilization and control subsystem (SCS) is used to control the
orientation of the MOSC during all phases of orbital operation. This capa-
bility starts following placement of the system in orbit by the Orbiter and

continues until retrieval docking.

5.2.7.1 Requirements
The attitude pointing and control requirements for the SCS are derived from
two basic sources: (1) analysis of the individual experiment requirements

for the various payload combinations, and {2) analysis of mission operations.

The subsystem performance requirements for attitude control and attitud:
determination were derived from the experiment pointing and stability

requirements presented in Tables 5-23 and 5-24,

Table 5-23 summarizes pointing requirements for each of the experiment
combinations (C. %1 through C-19), assuming a single payload combination
for each mission. Table 5-24 presents the same kind of data for experiment
packages reorganized into preferred orbit inclinations. These tables also
provide preliminary estimates of the attitude pointing and control modes
required to provide the desired experiment pointing. In general, the stellar-
and solar-oriented experiments require the most precise pointing accuracy
(1 to 5 arc-sec), while the Earth-pointing types require less precision
(1,800 arc-sec). Coarse pointing of the stellar/solar experiments is

accomplished by pointing the cluster in response to the error signal
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Table 5-23
MOSC PAYLOAD COMBINATION REQUIREMENTS

[' Experiment Pointing and

! Stability Requirements Subsystems
Subsystems Subsystems Module Experiment
Mission Pointing Pointing Rate Module Module Pointing Pointing
Payload Duration Accuracy Stability Stability  Att. Ref. Control Accuracy
Combination Orientation {(days) {sec) (sec) (sec/sec) Sensor System {sec) Sensor Control
Cc-01 Stellar 40 5 1 0.1 Celestial CMG 20-49° Celestial Gimbal
’ Torquer
Cc-02 Stellar Y 1 1 0.1 Celestial CMG 20-40 Celestial Gimbal
Torguer
C-03 Solar 40 1 - 0.5 0.0011 Sun CMG 20-40 Sun Gimbal
Torquer
Cc-04 Earth 35 1, 800 360 . 180 Horizon Jets 2900 None None
C-05 Earth 40 1, 800 360 180 Horizon Jets 900 None None
- C-06 Earth 60 1, 800 360 360 Horizon Jets 900 None None
4 Cc-07 Any 40 1, 800 . 360 360 - Jets 900 None None
C-08 Earth 50 1, 800 1, 800 360 Horizon Jets 900 None None
c-09 Earth 25 1, 800 © 900 1,080 Horizon Jets 900 None None
C-10 Earth 40 1, 800 360 72 Horizon Jets Q00 None None
C-11 Stellar 35 5 0.3 1 Celestial ‘CMG 20-40 Celestial Gimbal
Torquer
Cc-12 Any 100 NA NA NA - - - - -
C-13 Any 100 NA NA - NA - - L - -
c-14 Stellar 25 1 1 0.1 Celestial CMG 20-40 Celestial Gimbal
Torquer
C-15 Stellar 60 1 1 0.1 Celestial CMG 20-40 Celestial Gimbal
Torquer
C-16 Stellar 300 NA NA NA Celestial CMG -~ None None
Cc-17 Any >360 NA NA NA - CMG - - -
Cc-«18 Earth/ 30 1, 800 720 360 Horizon/ Jets 900 None None
Stellar . Celestial ) -
C-19 Solar >720 - - - - CMG - - -
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Table 5-24

ATTITUDE AND POINTING CONTROL SUBSYSTEM SUMMARY
FOR PRIMARY ORBIT INCLINATIONS

Experiment Pointing and

Subsystems Mod. Att. Control

Stabilization Requirements and Stabilization
- Experiment Pointing
Payload Pointing Pointing Rate Pointing and Control
Combination Ace, Stab. Stab. Att, Ref, Stabilization Accuracy
Inclination Number Orientation (sec) ( set) (sé&t/sec) Sensor and Control {sek) Sensor Control
C-01 Torq/Flex
c-02 Stellar 1 1 0.1 Celestial CMG 20-40 Fine Guid. Pivot
C-11
C-08 Earth 1, 8006 1, 800 360 Horizon Jets 900 NA NA
2B.5° Cc-03 Solar 1 6.5 0.0011 Sun CMG 20-40 Fine Guid. Torq/Flex
’ Pivot
G-07% Any of Any of Any of
g::i Above 1, 800 360 360 Above Above 900 Na NA
C-04
C-05
C-06 Earth i, 800 360 72 Horizon Jets 500 NA NA
Pol C-09 :
olar C-10
C-18
c-14 Stellar 1 1 0.1 Celestial GMG 2040  Fine Guid. LoTd/Flex
C-15 Pivot
*Experiment pointing requirements NOTE: Not included in the Attitude and Pointing Summary are the C-16

apply only to C-07

and C-17 long-duration 2360-day missions accomplished in the
28. 5° inclined orbit and C-19,a >720-day polar orbit payload. These
experiments are not sensitive to vehicle pointing accuracy.




information generated by the coarse pointing celestial sensors. Fine
pointing of the experiment by means of a two-axis flexure gimbal sysiem, as
indicated in Figure 5-43, is then required to meet the pointing accuracy and
stability requirements of the particular experiment combination. The point.
ing requirements of the Earth experiments can be met by controlling the
attitude of the MOSC in response to the error signals generated by the

Earth sensor, e, g., horizon sensor, together with precision alignment of the :

experiment with the attitude reference base,

CR-288
! TORQUER .
! MOSC EXPER ,
FLEXURE
SPRING FINE POINTING ACCURACY
FOR STELLAR/SOLAR
EXPER IS 1 SEC
YAW AXIS
EXPERIMEN COARSE POINTING ACCURACY
ROLL PACKAENT  FOR MOSC 1S 420 TO 440 SE

FLEX PIVOT — FINE
PITCH CONTROL

PITCH AXIS

FLEX PIVOT — FINE
YAW CONTROL

Figure 543, Stellar/Solar Experiment Pointing Concept

5.2.7.2 Candidate Concepts

Table 5-25 presents a summary of the reference sensors and attitude

stabilization and control concepts required for the MOSC missions. For

comparison purposes the present Spacelab pointing and control schemes

are also shown. Spacelab experiment pointing concepts revolve around :
three classes of experiments. Those requiring the most precision pointing :
rely on the ESRO instrument pointing system and either pallet-mounted

CMG's or Orbiter VCS stabilization, depending on the experiment pointing

requirements. Other less sensitive payloads require a pallet-mounted ‘
inertial measurement unit (IMU) and appropriate attitude sensors interfaced i

with the Orbiter flight control system to obtain the desired pointing. !
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Table 5-25
POINTING SUBSYSTEM COMPARISON AND DESIGN RECOMMENDATION

Attitude Stabiliza-

Reference Sensors tion & Control
Orbiter Orbiter
System MU IMU Solar Celestial Earth VCS Jets CMG Remarks
Pallet X X X x ' Orbit. Ref Platform
Mt'd Replaced by Pallet Mounted
IMU & Ref. Sensors
, ESRO ‘ Celestial Sensor & Gimbal
Spacelab IPS X X X Torquer of IPS Provides
Mt'd P'ting of 1 Sec (Orbiter
Coarse P'ting)
ESRO CMG Stabilization of Pallet
IPS X X X X — : _
Mtd-CMG Mounted Payloads and
- - Additional Internal Pointing
8 Capability Required .
MOSC Payloads X X X X xl X  SM Provides Earth P'ting
C-01 to C-19 _ and Coarse P'ting for
- Stellar/Solar Orient. Stellar
' and Solar Exp. Require Fine
P'ting and Control
Orbit Requirements .
28.5° Inclination X X X X xl X
Polar Inclination X X X xl  x
MOSC Design X X X X xl x
Recommendation
e Cluster Pointing (HM, SM, PM) !Thrusters are for backup and to control docking
— Stellar & Solar 20-40 Sé¢ disturbance
- Earth 900 Séc¢
¢ Experiments Pointing W/Fine <1 s&
Guidance Sensor & Control -
AR

T

. 'eru ¥ mﬁ?mww——T‘ B
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The MQSC pointing systems all require autonomous attitude pointing and
control and various combinations of reference sensors and means of stabili-
zation, depending on the payload involved. A single system offering a '
unified design approach, capable of satisfying any experiment combination,

is proposed for the initial MOSC concept.

5,2.7.3 Recommendations

The design recommendation incorporates an inteprated attitude reference
capability together with CMG and reaction jet stabilization and control,
CMG's were selected over thrusters as the primary means of attitude coentrol
from consideration of (1) experiment pointing stability and rate stability
requirements, (2) desire to eliminate a source of experiment and sensor
contamination, and {3) mission durations ol {rom 90 days to 2 years.
Thrusters are included only to provide backup and tu control vehicle

disturbances during Orbiter duckinys and orbit-keeping maneuvers.

5.2,7.4 Baseline Subsystem Description

A block diagram of the recommended system is shown in Figure 5-44, The
attitude reference sensors provided arc responsive to stellar, solar, and
Earth pointing. An onboard computer accepts inputs from these sensors
through a digital interface for use in celestial coordinate and scolar coordinate
computations for the stellar inertial and solar incrtial orientations,
respectively, and provides gyrocompass loop compulations to provide attitude
reference determination during periods of star oceculation and/or orhit
nighttime. CMG's are used as the primary controllers, and they rely on
computer computation of control commands and momentum management.

Also shown in Figure 5-44 is a hlock diagram of the experiment fine pointing
system. This system uses fine guidance sensors and rate gyros as the
primary sensors for fine pointing of the steflar/solar experiments, A two-
axis flexure gimbal system (see Figure 5-43) is provided to meet the
experiment pointing and rate stability requirements. A pimbal ring, which
includes flex pivots and torquers in the piteh and yaw axes., will be used Lo
support the experiment package. This will isolate the experiment from
MOSC mating, except for disturbances transmitied by the spring rate of the
flex pivots and electrical wires and by center-of-gravity olfset from the

pivot because of tolerances.  Signals from the experiment fine guidance
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Figure 5-44, Baseline 4.Man MOSC Stabilization and Control Subsystem Diagram

sensor and rate gyros will be processed in the electronics assembly, which
transmits torquing currents to the pitch and yaw torquers. A roll ring can

be provided to permit the experiment to be rolled about its line of sight.

Consideration has been given to the use of available hardware to build the
proposed SCS. Coarse and fine pointing control system hardware components
that meet MOSC requirements are current state of the art, and others will
be available after the Spacelab has flown. Some components that have been
used on previous NASA programs will also he available in an improved form
for the MOSC application. For example, improvements in the Skylab

ATM CMG's, which have been demonstrated by MSFC, are attractive for
this application and include (1) increased angular momentum and torque,

(2) increased reliability, and (3) unlimited gimbal freedom through use of
slip rings. This last improvement removes the gimbal stop restraint to
continuous Z-LV operations under CMG control. Shuttle Orbiter design

and development progress can also be monitored for MOSC applicability.
Further attention is given to specific recommendations in this area in the

following sections.
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Rate and Attitude Sensors

The types of rate and attitude reference sensors evaluated for MOSC included

gas-rotor hearing gyros, conical scan and edge tracking horizon sensors and
electronics, and gimbaled plan trackers.

Rate Sensors

The type of rate-gensing gyro considered for MOSC application is the single-
degree-of-freedom floated gyro. The floated gyro has been developed to a
high degree of perfection by quite 2 number of manufacturers. The unique
feature of this design is the buoyant support of the gyroscopic element,
together with ite gimbal as.embly, by a heavy viscous fluid. The gyroscopic
element sealed within the cylindrical gimbal spins in a gas, but the fluid
surrounds and supports the sealed gimbal cylinder. Gas pressure for sus-

pending the rotor is generated by rotor motion, causing the bearing elements
to be separated by a thin film of gas.

Although single-degree-of-freedom floated gyros are made with rotor bearings
other than gas bearing, only gas-bearing gyros have suitable performance and
life to be candidates for the MOSC attitude reference system.

The type of gas bearing gyro that appears to be the most attractive is the
pulse rebalance type of gas-bearing gyro. This gyro is most frequently used
when the gyro information is to be processed by a digital computer, since a

pulse train is output which can be readily converted to a form compatible
with the computer.

For MOSC, it is planned to use nine of these rate gyros — three sets ortho-
gonally mounted in each axis, One pair of gyros in each axis will be operating
at any given time, which was the approach used on Skylab. This pair-and-
spare technique provides for an automatic failure detection scheme

(computer assisted) that ensures uninterrupted rate stabilization of MOSC,
For reliability analyses, a life factor of 45, 000 hours and MTBF rate of

50, 000 hours has been used as typical for this class of gyro.
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Earth Sensors

This discussion presents the characteristics of sensors that may be used in

£a54

the MOSC attitude reference to determine the vehicle roll and pitch attitude
relative to the ''local vertical.' The principal operating mode, when these
sensors are in use, is to control attitude to the uensor null, which is

coincident with the "local vertical. "

The type of Earth sensor considered.is the IR horizon sensor. The basic

principle of the infrared horizon sensor is that of detecting the IR emission

T T

given off by the Earth's disk., From the observation of this emission, the

angles between the vehicle roll and pitch axes and the normal to the center

of the Earth's disk are determined.

Two types of horizon sensor systems were investigated for use on the MOSC:

the conical scan and the edge tracker. The detector field of view and scan

pattern associated with these techniques are shown in Figure 5-45.
CR28B
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Figure 545, Horizon Sensing Techniques :
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In the conical scan, the instantaneous detector field is relatively small and
is caused to scan through a large cone whose apex angle may be as much as

180 degrees, although a more usual apex angle is between 50 and 120°,

Two sensors are used to generate pitch and roll attitude information. The
conical-scan-type horizon sensor has a number of very significant advantages.
It has excellent acquisition capability as a result of the large conical-scan
angle. The attitude information is derived from time characteristics of an
amplitude-limited waveshape and therefore is insensitive to radiance varia-
tions over the surface of the Earth., Also, since the detector views space
during some part of the large scan, this provides an absolute-zero radiance
level for calibration and for setting levels to discriminate against radiance
discontinuities that occur over the Earth's disk, such as clouds and the

terminator.

The primary disadvantage of the conical scan sensor, which is highly
undesirable for MOSC, is the need for rotating elements that present life

and lubrication difficulties in space applications.

The basic concept of the edge tracking sensor is indicated in Figure 5-45.

This sketch represents a view of the Earth horizon and the spacecraft as seen
from above the vehicle. Spacecraft pitch and roll can be computed from any of
three independent measurements of the angle between the vehicle axes and a

line of sight to the horizon.

Although three measurements are normally required, four points on the
horizon are tracked to allow undegraded operation with the sun on the horizon

and to introduce redundancy into the system for improved reliability.

As shown in the figure, each tracker makes one measurement of the angle
between the line of sight to the horizon and the vehicle yaw axis as measured
in a vertical plane. The four tracking planes are spaced 90 degrees apart
in azimuth and are skewed 45 degrees relative to the vehicle pitch and

roll axes,

145




et

Each of the four trackers supplies digital horizon angle information to the
horizon sensor electronics assembly. Digital circuitry within this assembly
calculates two independent values of pitch and two independent values of roll
continuously according to the equations noted on Figure 5-45, Each tracker
also supplies the vehicle with two logic signals. One of these signals
indicates the presence of the sun in that tracker field of view; the other, the

alarm signal, indicates whether the tracker is properly locked on the Earth.

Star Trackers

Star trackers considered for use on MOSC include both electronic and

mechanical scanning instruments.

The electronic star trackers are attractive because of their light weight

and high reliability, The present state of the art in electronic star trackers
results in an accuracy of 0. 1 percent of the total field of view. Therefore, in
order to obtain the type of accuracies required for MOSC, a narrow field of
view is required. As the field of view (FOV) is reduced, however, the
probability that a star will be within the tracker's FOV is also reduced. In
order to meet the MOSC accuracy requirements, a FOV of less than

10° would be required. With a FOV this small, it will be necessary

to utilize multiple sensors to obtain a reasonable probability that a detectable
star will be within the FOV of the sensor. Utilization of six electronic star
trackers provides reasonable capability for inertial orientation with minimal

impact on operational flexibility.

Gimbaled star trackers have been utilized in a number of space applications
and space-qualified devices are available from a number of manufacturers.
The advantages of these devices are their accuracy, the large gimbal free-
dom which lends flexibility to the attitude deterni.nation for any vehicle
orientation, and their proven design. The basic tradeoff between the gimbaled
star tracker and the electronic trackers is one of accuracy and flexibility
versus reliability and weight. For the MOSC application, which permits
regular orbital maintenance, the gimbaled star tracker advantages appear

to outweigh those of the electronic type,
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Control Moment Gyro Stabilization and Control System

As a basis for comparison, the available CMG systems were sized to provide
a minimum angular momentum capability of 8,000 ft-lb-sec broken down as
follows: (1) 2,500 ft-lb-sec were allocated for the worst-case gravity
gradient: cyclic torques during one orbit, (2) 5,500 ft-lb-sec to accommodate
Z-LV maneuvers (nominal maneuver rate of 0. 1 deg/sec), orbit rate initia-

tion for Z-LV experiment operations (0,066 deg/sec), and gravity bias

torque accommodation during solar inertial operation. No allocation for
venting torques was required, due to the absence of water vapor venting.

Leakage torques were assumed negligible,

The CMG's that are available for use in the MOSC system are the Skylab
ATM CMG, the improved 2000H CMG, and the 6000H CMG, reference
Table 5-26, Of these, only the latter two are applicable. The ATM CMG
has not been considered a serious candidate because the present reliability

estimnates and operational constraints make it unattractive for long-duration
missions.

ATM CMG gimbal stops present a physical restraint to continuous Z-LV
operations in some CMG orientations unless designed for nested operation.

Auxiliary propulsion system plus CMG's were used.

Table 5-25 compares the features of the improved 2000H and 6000H CMG!s,
ATM CMG data are included for reference purposes. For normal operation
three improved 2000H CMG's were needed to meet the 8, 000-ft-lb-sec
capacity, while two of the 6000H CMG's provide more than twice that
required (two CMG's are needed for three-axis control). CMG improve-
ments, incorporated in the 2000H and 6000H systems, that are attractive
for MOSC missions include: (1) three-year life without repair, (2) increased
angular momentum and torque, (3) unlimited gimbal freedom through use of
slip rings, and (4) all the above through use of state-of-the-art hardware,

Of the two candidates, the 6000H system appears the best choice for MOSC, -
This conclusion is based on (1) performance, (2) control margin, (3) greate'r

flexibility in performing mission objectives, and (4) vehicle CMG
accommeodation,
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Table 5-26
CMG COMPARISON SUMMARY

Comparison Present Improved
Criteria ATM CMG 2000H CMG 6000H CMG

Total No., Needed 4 3 2
for 8000 ft-lb-sec
capacity
Weight of Each 420 420 650
CMG, b
Veolume Envelope 39x40x39 42 x43x40 49x49x40
of Each, inches
Steady State Power 40 30 60
Power (each)
watts
Run Up Time, 14 2 8
hrs
Mounting Each operating Unlimited gimbal Unlimited gimbal
Provisions set orthog. mtd; freedom-slip rings freedom-slip rings

Vehicle QOrienta-
tion Limitations

Growth
Capability

Max Angular
Momentum
{each), ft-lb-~-sec

Qualification
Status

gimbaled mtg
req'd for spares

Z- LV capacity
limited by
gimbal stops

Negligible

2,300

Flight Proven

None

Small

3, 000

Qualified in
Ground Test
- 1972

None

Large

9,000

Ground Develop-
ment Testing
- 1973

Attitude Reference System Baseline Approach

During MOSC orbital operations, the attitude reference must provide attitude

and rate relative to Earth-centered coordinates, inertial coordinates, and

stellar coordinates to support experiments, navigation, and attitude control.

A functional block diagram of the attitude reference configuration selected

to provide these functions is shown in Figure 5-46 as an overview of the

general organization of the attitude control system for the MOSC,
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The sensors that provide the basic information for determination of the
vehicle attitude are shown on the left and include the horizon sensor, strap-
down gyro package star trackers, and acquisition sua sensors. The three
small dotted blocks at the top of the diagram represent and are a recognition
of the interface that must exist between the stabilization and control system
and the electrical, mechanical, and GSE systems, without establishing the
detailed interface requirements. The selected system is most responsive to
the three principal orientations: local vertical/orbit plane (Z-LV), solar

inertial, and stellar.

In the local vertical orientation, an Zarth-centered reference is directly
obtained by means of a vertical sensor such as the horizon sensor. Since
_only the two axes {pitch and roll) information is obtained from this device,

it is necessai'y to utilize the strapdown gyro package and roll horizon sensor
to obtain azimuth data indirectly by means of gyrocompassing. This com-
bination of sensors also provides the capability of acquiring the horizontal
orientation from an unknown raudom orientation. The stabilization and
ecnntrol system configuration for the local vertical mode is shown in

Figure 5-47,

The solar inertial mode depends on the acquisition sun sensor as the pitch
and roll reference sensor during the daylight portion of the orbit. Orbital
nighttime reference signals for these ares are obtained from strapdown
calculations using rate gyro input data, The yaw attitude reference signal is
provided solely from strapdown calculations and as such is subject to gyro
drift error, which must be corrected periodically. This update can be
accomplished by using the yaw reference available when the vehicle is in

the Z-LV orientation or more directly through use of the star tracker
reference. Because the gas-bearing rate gyros have very low random drift

(approximately 0. 1° /hr) the update frequency can be rather low, except

when a precise solar inertial reference is required for experiment operations.

The attitude reference configuration for the solar inertial mode is shown in
Figure 5-48, Rate information for both attitude control and experiment

support is obtained by proper processing of the gyro signals.
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The stellar orientation requires incorporation of gimbaled star trackers to
meet attitude reference accuracy requirements. Two gimbaled trackers
are required to provide three-axis inertial data. Alignment and drift com-
pensation of the strapdown gyro package is also performed using the star
trackers as the basic reference. The strapdown gyro package provides both
rate and attitude information. The inertial attitude data derived from the
gyros is used for short periods between star tracker updates. During
operational periods when stellar orientation is not desired, the star
trackers can be turned off, thus saving power and enhancing system
reliability, The attitude reference configuration for the stellar orientation

is shown in Figure 5-49,

Stabilization and Control System Hardware

The minimum stabilization and control system hardware needed for normal
operation in the three primary orientations are listed in Table 5-27. A
minimum of two 6000H CMG's are needed for three-axis control during
normal operation, One gas-bearing rate gyro, orthogonally mounted to the
master reference base is required for each of the three control axes. Two
acguisition sun sensors provide the required pitch and roll attitude reference
data while operating in the solar inertial orientation. Three-axis stellar
attitude reference data are provided by the two gimbaled star trackers.
Pitch and roll reference data during Z-LV operations are obtained from the
four heads of the horizon edge tracker assembly. Finally, one lateral
accelerometer package is needed for AV measurement during orbit-keeping
burns. As noted in the table, all sensors must be aligned to the attitude
reference base, Alignment is especially critical when considering the

accuracy required of some of the stellar/solar experiments.

Although not a topic for prolonged discussion at this time, it is apparent that
experiments of the stellar/solar type would require some type of continuous
alignment technique to account for such error sources as (1) initial misalign-
ment of the experiment package with respect to MOSC due to docking,

(2) mechanical hysteresis of the MOSC due to maneuvers, (3) structural bend-
ing due to nonuniform thermal environment, and (4) structural vibrations

due to equipment and crew motion, Further attention to appropriate nieans

for minimizing these error sources will be provided in future tasks.
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Table 5-27
STABILIZATION AND CONTROL SUBSYSTEM HARDWARE SUMMARY

Wt Power Equipt
Est Est Envelope
Total* Preferred Each Each Each
Hardware Item No. Location (1b) {w) {in.) Remarks
CMG's (6000H) 2 None—Configura- 650 60 49 sphere Advanced version of ATM
tion currently CMG. Features 9000 ft-
shown on MOSC lb-sec ang. momentam,
volume allocation long life, and repairability.
is fine Requires additional gyro
wheel development for high
rpm. Wheel failed at™"
112, 000 rpm during initial
development.
Rate Gyro 3  Mt'd on att. ref, 1 3. 2.0 dia Pulse rebalance type of
(3 axes) base close to 3.5 length gas-bearing rate. Gyro
experiment module available since 1970.
Acquisition Sun 2 Mttd, near att. ref. 5 1.2 6.9x6. 5x3 Same as Skylab
Sensor (2 axes) base for alignment
(Solar Orientation) purposes. Free
from obstruction
of FOV
Star Tracker 2 Mtd near att. ref. 60 39 17x12.5%21.5 Assume Skylab type
{Stellar Orientation) base
Lateral Accelerom- 1 Mtd on att. ref. - - - Required for AV compu-
eter Assembly base tation during orbit keeping
{3 axes) ,
Horizon Edge 1 Mtd. near att. ref. 45 38 6x4x10.1 Qualification tests

{4 heads)(Earth
Orientation)

base 0.90° to each
other - 45° off axis

post-1970

%#Total reflects system design and does not include units needed from reliability and lifetime considerations.
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Consideration has been given to estimating additional hardware (beyond that
needed for normal operation) requirements for the purpose of enhancing

system reliability, Table 5-28 provides the hardware estimate for the

baseline 4-man MOSC as well as the 3- and 6-man configurations. Individual
subassembly reliability is established in the range of 0. 98 to 0. 99, and it is
assumed that orbital maintenance will allow exchange of hardware once useful
life is expended, The table categorizes the quantity of hardware items required
as to (1) those units fully powered up and operating, {2) those units operating in
(1) that are active redundant, i, e., not required as part of the minimum control
system hardware, and (3) the number of units in a standby redundant mode, i.e.,

units not participating in a fully active state in the system operation.

Table 5.28
STABILITY AND CONTROL SYSTEM HARDWARE REQUIREMENTS

Normally Active Standby

Operating Redundant Redundant Total
CMG's 2 0 1 3
Rate Gyro¥* 2 1 1 3
Acquisition Sun Sensor 4 2 0 4
Star Trackers 2 0 2 4
Horizon Edge Tracker 1 0 1 2
Accelerometers 1 0 1 2

*Three axes

The 6000H CMG system is used to maintain stabilization and control of the
vehicle during normal operation. (An auxiliary propulsion system is provided
for control during docking and as the backup to the CMG's.) Normal opera-
tion requires two CMG's. One spare CMG is provided to meet the reliability
goal for the long-duration MOSC missions.

Rate gyros provide the angular rate sensing necessary for stabilization and
control of the vehicle, Three gas-bearing gyros in each axis are provided
for the MOSC, using the pair-and-spare technique of Skylab, which allows

for automatic fault isolation and correction (computer aided).
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The acquigition sun sensors are required to maintain the vehicle orientation
with respect to the sun. Two pairs are used for the two-axis solar inertial
attitude reference information. A pair is used for each axis for comparison
purposes, but only one is required for control. Hence one sensor in each
axis is active redundant.

The gimbaled star trackers provide the stellar orientation attitude reference
information. Two trackers are required for three-axis attitude, and the

MOSC is provided with redundant trackers in the standby category.
Horizon edge trackers are required to maintain Z-LV orientation. Two
tracker assemblies are required for MOSC. KEach tracker has four heads:

however, only three are needed for normal operation.

Accelerometer assemblies which provide AV information are incorporated
for the MOSC orbit-keeping burns.

5.2.8 Attitude Control and Orbit-Keeping Propulsion Subsystem

The propulsion subsystem is basically required to provide attitude control
during Orbiter docking operations and Orbital drag makeup throughout the

mission, CMG's control attitude during other mission phases,

In the following sections the MOSC baseline propulsion subsystem is described,

and the rationale and analysis associated with the sizing and component

selection are discussed.

Additionally, subsystem growth capability is discussed both in terms of sat-
isfying expanded MOSC requirements (i. e., crew size, mission duration,
number of modules, etc.) and propulsion system performance improvements

and added capabilities (i. e., orbital maneuverirg).

5.2.8.1 Total Impulse Requirements
The total impulse requirements were determined for the baseline 30-day
four-man MOSC. The total impulse budget for the MOSC propulsion sub -

system is composed of two requirements, orbital drag makeup and docking
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disturbances. The drag forces on the MOSC will depend on its effective area
normal to the velocity vector, on drag coefficient (CDA) and on orbital altitude,
which determines both atmospheric density and orbital velocity,

In orbital flight above about 80 nmi, a body is in the region of free molecular
flow, and the drag coefficient can be assumed to have a value of 2.0, based
on the projected area normal to velocity. The maximum and minimum con-
trol areas, shown in Figure 5-50, range from 209 ft2 (19. 4m2) to 3, 867 ft2
(359 mz).

CR28

2

A - 3867 FT° B59 M) £ i3 A - 200 FT? 19,4 M)

NOTE

E VELOCITY VECTOR
NORMAL T0
FIGURE

l:rx..'.ﬂva.-m =

Figure 5-50._ Baseline 4-Man MOSC Max and Min Frontal Area

The density of the upper atmosphere varies with the solar cycle and with the
sun's longitude (local time). Tables on predicted nominal atmospheric den-
sity for the decade of MOSC operations (1980's) were obtained from MSFC
Moedified Jacchia Atmosphere, January 1983 Nominal Density., The year
1983 represents the mean value for the density variations over the decade.
Density was presented for the mean orbital value, which corresponds to

9 a.m. local time. The density values vary from 4 x 10—13 g/cc at 100 nmi

(185 km) to 4.3 x 10”7 g/cc at 300 nmi (556 km), Based on these values
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and the orbital velocity at these altitudes, the drag force was calculated for
the maximum and minimum values of CDA for the MOSC between 100- and
300-nmi (185 and 556 km) circular orbital altitudes. The drag force, FD,

at any altitude scales directly with CDA. The effect of this drag force is to
cumulatively decrease the total energy in orbit, The total loss of energy in
a given time period is Lt FDdt, or approximately Fpt. This represents the
total impulse required to make up the drag. Figure 5-51 shows the daily
drag makeup impulse for altitudes from 100 to 300 nmi (185 to 556 km) for
the range of MOSC CDA's. For the average CDA curve, it was assumed that
the MOSC flies one half the time at maximum CDA and the remainder at
minimum CDA. This is probably a conservative assumption, Therefore,
the required total impulse for the MOSC is 560 lb-sec (2,490 N-s) per day,
or 50,400 lb-sec (224,179 N-s) total for a 90-day mission.
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Figura 5.51. Baseline MOSC Orbit-Keeping Impulse

The determination of the impulse required to null the docking disturbances

was based on the following assumptions:

A. There would be one unsuccessful docking for each successful docking.

B. The shuttle RCS would damp out the disturbances associated with a

successful dock,
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C. At the time of contact for an unsuccessful docking, the following

conditions applied:

e .5 fps (. 152 mps) axial velocity. e 5° misalignment,

e .25-fps (. 076 mps) lateral velocity, e 0.1° /sec angular velocity,

e .5 ft (.152 m) off-centerline. ® l0-sec contact time.
These values are approximately 50% less than those allocated for Skylab
because of the lower international docking assembly requirements and the
Oriber maneuvering capability which is compatible with the docking require-

ments.

The worst-case impulse is determined by the full resupply operation shown

in Figure 5-52,

Table 5-29 summarizes the impulse requirements associated with damping
out an unsuccessful docking of the configurations shown in the previous fig-
ures. In every docking operation case except Number 3, the configuration
includes a logistics module and, therefore, the propellant for the subsequent
maneuver can be contained in the logistics module subsystem. Although the
propellant for the maneuver in operation Number 3 must be aboard the ser-
vice module at the time of the maneuver, it is included in the total to be
stored on board the logistics module and then transferred to the service
module, This sizes the tanks on the service module and establishes an
operational requirement to transfer propellant from the logistics module to
the service module. The service module must also have propellant on board
for the Orbiter's initial docking maneuver. However, the impulse associated
with this initial docking is less than that for the tank sizing case gperation
Number 3 (1, 446 lIb-sec versus 3, 186 lb-sec) and, therefore, operational
configuration Number 3 remains the sizing case, There is no orbit-keeping
requirement during the initial buildup, because it was assumed that the sub-
system-habitability module would be placed in an orbit above 200 nmi

(371 km)} which is allowed to decay while the module is waiting for the first

Shuttle logistics flight.
The total impulse requirement for the baseline MOSC is therefore the sum
of the orbit-keeping and docking-disturbance impulse (50,400 lb-sec +

10,086 lb-sec = 60, 486 lb-sec).
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(D ORBITER DOCKSTO (2) SEPARATE ORBITER AT  (3) ORBITER-LM IILM Il (@) SEPARATE ORBITER
END OF MOSC AT SM/LM | INTERFACE DOCK TO SM AT LM 1/LM 11 INTERFACE

&) ORBITERDOCKSTO  (©) SEPARATEORBITER (D) ORBITER PMAPMB  (B) SEPARATE ORBITER AT
FMA END OF MOSC AT HM/PMA DGCK TO HM PMA PMB INTERFACE

INTERFACE

NOTE: MOSC ROTATER 20° TO OPERATIONAL POSITION FOR CLARITY —
LARGE PM USED 7O MAXIMIZE REQUIREMENTS

Figure 5-52. Resupply Sequence (LM and PM} with Maximum Dockings
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.Table 5-29

MOSC BASELINE DOCKING DISTURBANCE IMPULSE
WORST-CASE RESUPPLY OPERATIONS

Missed Docking

MOSC - .
A . : Disturbance
Configuration Impulse
Docking Operation LM SM HM PM 1b-sec (N-8)
Initial Orbiter LMI docks X X 1446{6432)
Dock to SM
1 Orbiter docks to X X X X 3539(15741)
LMI end of MOSC
2 Separate Orbiter at X X X NA
SM/LMI interface
3 Orbiter, LMI-LMII X X X 3186(14171)
dock to SM
4 Separate Orbiter at X X X X NA
LMI/LMII interface
5 Orbiter docks to PMA X X X X 1842(8193)
end of MOSC
6 Separate Orbiter at X X X NA
HM/PMA interface
7 Orbiter, PMA PMB X X X 1519(6756)
dock to HM
8 Separate Orbiter at X X X X NA

PMA/FMB interface

5.2.8.2 Thruster Size and Installation

The size of the thrusters was based on the combination of derived require-

ments and the assumptions of reasonable maneuvering capability and allow-

able disturbance angle. The firm requirement is to maintain attitude within
a 0.1 deg/sec (0,00174 rad/sec) deadband rate in all axes during Orbiter
docking operations. The minimum impulse bit required to meet the 0, 1 deg/

gsec rate requirement is shown in Table 5-30 for several MOSC configurations.

The MOSC configuration with the lowest moment of inertia is the service

mordule<habitability rmodule assembly,

The minimum impulse bit required

to meet the 0.1 deg/sec rate requirement is on the order of 16. 4 lb-sec

{(72.95 N-s).

Ft = the docking impulse or

wl

L
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Table 5-30

MOSC PROPULSION SUBSYSTEM MINIMUM
IMPULSE BITS REQUIREMENTS

Minimum Impulse Bit Requirements
ib-sec (N-8)

Modules | Pitch Yaw Roll
1 SM HM 16.7{74. 3) 16.4(72.9) 37.8(168. 1)
2 LM SM EM 41.0(182.4) 40, 7(181.0) 39.6(176.1)
3 SM HM PM 81.6(363.0) 81.3(361.6) 39.4(175.3)
4 LM SM HM PM 238.3(1,060.0) 237.7(1,057.2) 41.3(183.7)

The impulse shown for Operation 3 (3, 186 lb-sec, 14,171 N-s) was based

on having thrusters on both ends of the habitability module providing a coupled
moment arm of 230 inches (5. 84 m), With thrusters located only on one end
of the module, the moment arm is only 42 inches (1.07 m). This would

have required 5. 48 times (230/42) as much impulse and therefore 5. 48 times
as much propellant to damp out the disturbance. Inasmuch as this operation
occurs when the logistics module is not attached, the propellant supply for
this maneuver must be stored on board the SM/HM. Therefore, to minimize
propellant requirements it was decided to place thrusters at both ends of the
habitability module. The initial assessment placed them at the outer end

of the habitability module in order to locate them as far as possible from

the solar array. It became apparent, however, that it was advantageous to
locate them at both ends of the habitability module to accommodate the wide

range of CG excursions associated with the variety of configurations.

The final analysis determined the disturbance angle associated with Orbiter
'docking operations. This analysis was made using the 200-1b (890-N) thrust
level, with thrusters located at both ends of the habitability module. The
disturbance angle is the amount the MOSC would rotate during the time it
takes the attitude control system to damp out the docking disturbance. The

angle is given by the following equation:

0= (disturbance impu.ls\c-_)2 X moment arm
B 2 x thrust x moment of inertia

The angles for each configuration in the docking operation are summarized

in Table 5-31,.
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Table 5-31
DOCKING DISTURBANCE EXCURSION ANGLE

Excursion
Disturbance Impulse Angle
Operation* lb-sec {(N-s) ()
Initial Docking 1446 {6432) 8.9
To SM-HM
1 3539 (15741) 3.7
3 3186 (14171)
5 1842 (8193) 1,0
7 1519 (6757} 2. 4

*Asg described in Figure 5-52

The maximum disturbance angle occurs at initial buildup docking and is
less than 10°. During normal resupply operations this angle never exceeds
8°. This amount of potential angular drift, which might occur after a mis-
sed docking, does not appear to be excessive as long as the docking man-
euver is done with the axis of the solar panels perpendicular to the Orbiter
payload by centerline (i.e., Orbiter x axis), as shown in Figure 5-53, This
is the required configuration to prevent the solar panels from colliding with
the Orbiter's vertical empennage. The lower illustration showsthe MOSC in
the required docking orientation; shown in phantom is the position of the
solar panel after recovery from a missed dock (rotated 8,9°). As can be
seen, there is adequate clearance between the MOSC solar array and the
Orbiter.

One factor that was not assessed in the thrust level selection was the elfect
on the solar array design. However, loads associated with docking disturh-

ances are probably more severe than the thrust loads.

5.2.8.3 Propellant Selection

The criteria assessed in selecting a propellant combination for the MOSC
propulsion subsystem included weight, propellant t=-nafer, performance,
contamination characteristics, system lifetime, and Orbiter performance,

The assessment was primarily qualitative, based on previous studies and
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Figure 5-83. Orbiter/MOSC Docking Relationship

test information. The three options are cold gas N,, monopropellant, and
bipropellant hypergolics. A comparative matrix of these options is shown
in Table 5-32. The cold gas system was selected primarily on the basis of
negligible contamination potential, relative ease of propellant transfer, and

the fact that the mission Shuttle performance margins allowed the use of the
heavier system. Both the other options have a much higher contamination
potential, and in view of the attitude control thrusters location in close prox-
imity to the payload module, the negligible contamination with N, weighed
heavily in the selection. Both the othe~ options would have required some
sort of reusable propellant zero-g orie. ation device such as bladders, and
the dzvelopment of such devices would certainly add additional cost to the
system. The available weight and volume capacity of the MOGC logistics
concept (a resupply logistics module) was more than adequate to handle the

1, 000 pounds (454 kg) of gaseous N, propellant.
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Table 5-32
MOSC PROPELLANT OPTION COMPARISON

Criteria
Propellant Potential
Transfer Contamination Reuse System
Option Performance Considerations Potential Problems Lifetime
Gaseous Adequate Gaseous Negligible Considered Not limited
Nitrogen Transfer not a
problem

Monopropellant Good Zero-g Mecoderate Positive Catalyst
Hydrazine liquid expulsion bed

transfer devices limitations
Bipropellant Best _ Zero-g High Positive High-
N,O 4/ MMH liguid expulsion temperature

transfer, devices thrusters

2 fluids
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5.2.8.4 Baseline Subsystem Description

The location and orientation of the thrusters are shown in Figure 5-54, Pitch
and yaw maneuvers are made with the eight radially oriented thrusters
located four each on either end of the habitability module. Roll inaneuvers
are made using the four tangentially oriented thrusters located on the pay-
load docking end of the habitability module., The two thrusters on the

aft end of the logistics module are used to provide the necessary orbital drag

makeup, All 14 thrusters are identical, and Table 5-33 summarizes their
characteristics,

CR-28B

"—___23:

ATTITUDE CONTROL
THRUSTERS
200-LB THRUST LEVEL

V&Y

m PROPELLANT

STORAGE

-

ORBIT KEEPING
o THRUSTERS
200-L8 THRUST LEVEL

L

Figure 5-54. Baseline 4-Man MOSC Propulsion Subsystem Externat Configuration

The performance of the thruster as a function of gas storage temperature is
shown in Figure 5-55.

Based on the total impulse requirements stated in Subsection 3, 6.1, the
total usable propellant required is 1, 008 pounds (457 kg). Of this,

840 pounds (381 kg) is required for orbital drag makeup, with the remainder
required for attitude control during docking, Figure 5-56 shows the effect of

operational orbit altitude on mission duration with a fixed amount of orbit-
keeping propellant,
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Table 5-33
THRUSTER CHARACTERISTICS

Thrust 200 1b (890 N)
Operating Pressure 300 psi (2.07 x 106 N/mz)
Expansion Ratio 50:1
N-s
Avg Iy 60 sec (588 2 2F)
Length 9 in. (0.29 m)
Diameter 5in, (0.12 m)
Weight (without valves) 5.5 1b (2.49 ikg)
CR28
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Figure 5-55. Effect of Temperature on 'SP

Figure 5-57 is a schematic of the MOSC propulsion subsystem. All the
propellant is stored initially in fifteen 25-inch (0. 635-m) -diameter
spherical bottles located on the logistics module. These bottles are of
composite wrap construction and are being proposed for use in the Shuttle
EC 1S subsystem. The weight of each botule is 78 pounds (35 kg). These
bottles are filled initially at 3, 300 psi (2. 275 x 10°

lant mast be stored on the HM-SM to perform the one docking operation
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Figure 5.57. Baseline 4-Man MOSC Propulsion Suhsystem Schematic
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during resupply when there is no attached logistics module. This amounts

to 53.1 pounds (24 kg). Two of the same bottles are required to store this
propellant, During a normal resupply operation these bottles are filled

from the bottles on the logistics module. They are then isolated from the
system with proper valving and stored until required for use. On the initial
launch of the SM~HM these bottles can be filled with approximately 135 pounds
(61 kg) of usable propellant at 3,300 psi. The thrusters operate normally

at a regulated 300 psi (2.1 x 106 N/mz) with propellant from the tanks on the
logistics module, Each thruster is controlled with quad redundant valves in

a configuration similar to that used in Skylab.

5.2.8,5 Growth Versions

Growth was assessed from two standpoints: growth of the MOSC system in
terms of additional modules and more demanding mission requirements such
as extended duration and increased crew size; and growth potential of the

MOSC propulsion system in terms of performance and capability,

The impact to the baseline propulsion subsystem for physical growth of the
MOSC configuration is mainly in the form of increased propellant weight.
Over 80 percent of the propellant for the baseline system was required for
drag makeup., Tue amount of propellant required at constant altitude is
directly proportional to the area normal to the velocity vector, The addition
of more modules will increase the area and therefore the required propellant.
It costs appro:imately 0.4 pounds of propellant per square foot of added area
normal to the velocity vector (4.9 kg/mz') for 90 days, based on an ISP of

60 seconds (588 N-s/kg).

The impact of adding so-called "large space struciures' could be prohibitive
in terms of propellant requirements unlzss the operation took place at altitudes
in excess of 200 nmi (371 km). The propellant-to-area ratio at 300 nmi

{556 km) is on the order of 0,02 psf (0,098 kg/mz) or 1/20th the amount at

200 nmi (371 km) for 90 days.

Should the MOSC growth substantially increase propellant requirements, it

might be prudent {« consider changing the system over to a different propel-

lant type or using additional propellant to perform the orbit keeping.
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This leads to an assessment of the growth capability of the propulsion system
in terms of performance. Because the orbit-keeping thrusters are located
on the logistics module, along with the propellant, it would be relatively
uncomplicated to change some time to a bipropellant system, thus improving
the performance. This change would offer a five-fold improvement in specific
impulse, With the improved performance, one might consider performing

other orbital maneuvers, such as altitude changes.

5.2.9 Environmental Frotection

This subsystem provides vehicle protection for space environment hazards of
the low Earth orbital altitudes of 100 to 300 nmi. VWithin the design activity,
it is related to and coordinated with the structural design of the primary

structure.

5.2.9.1 Radiator/Meteoroid Shroud

The Spacelab pressure shell design uses high-performance, multilayer
insulation installed on the external surface. The Spacelab's attached mode
of operation will not require space radiators or full external surface meter-
oid protection due to Orbitor subsysiem support and structural protection.
Therefore, to provide the free-flying MOSC with the necessary meteroid
protection and heat rejection capability, the integral meteoroid shield and
space radiator system shown in Figure 5-58 is recommended, It possesses
the required performance characteristics with minimum weight and

complexity.

The external shroud encapsulates the pressure shell and provides the space
radiating surface for the ECLS subsystem, meteoroid protection, and
thermal protection. The 0.016-inch (J.04-cm) outer surface is formed from
extruded aluminum sections which contain the {low passages for the ECLSS
radiator fluid. A second bumper, to protect the 0.5-inch (1.27 c¢m) blanket
of high-performance insulation, is attached to the radiator extrusion form-
ing a box section. The assembly is installed over the pressure shell and
supported by fiberglass insulators. The outside diamcter of the radiator is
166, 84 inches (4. 23 m). Both the subsystems and habitability modules have
active and redundant radiator systems, either of which is capable of accom-

modating the nominal vehicle heat load. To maximize the radiator heat-
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Figure 5-68. Structural Mechanical Subsystem Meteoroid Shield/Radiator

rejection capability, the inlet and return manifolds for the active and
redundant radiators are to be located 90° apart so that the radiator with hest
orientation relative to the sun at a particular time can be selected as the
active system. The extruded radiator tubes which are an integral part of the
radiator /meteoroid shield are longitudinally oriented and spaced 5° apart.
The end manifold is arranged so that each fluid-pass travels one-half way

around the vehicle circumference so that the outlet is 180° from the inlet.
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Section 6
OPERATIONS ANALYSIS

The Shuttle system is capable of supporting a traffic model and launch rate
that are an order-of-magnitude greater than those of any previous manned
space-flight program. The success of Space Shuttle and its payload programs
will depend to a great extent on efficient ground operations. As this activity
is currently being developed simultaneously for both Space Shuttle and
Spacelab, it was assumed for purposes of this study that the MOSC space
station would be similar to Spacelab in prelaunch and postmission support.
Thus, as the Spacelab ground operations are defined in detail during the
coming months, they can be immediately evaluated as a first step in the

evolutionary growth to the manned space station era.

In the area of orbital operations, however, a different situation exists. The
free-flying MOSC space station, unlike the Spacelah, will be involved in
orbital rendezvous and docking, addition and removal of modules, and auton-
omous flight operations, The role of the crew will assume a new dimension
in the continuing operation of a long-duration space station supporting a
demanding payload program; therefore, crew safety techniques and orbital
operations must be employed that are consistent with precedents and
standards established on previous manned space-flight programs. To ensure
the early application and consideration of operational and crew safety factors,
the operations analysis was conducted in conjunction with the selection of

MOSC configurations.

6.1 PRELAUNCH OPERATIONS

The ground operations phase of a manned space-flight program encompasses
many distinct tasks and operations which occur during the prelaunch prep-
arations, checkout, launch, and postlanding turnaround. Of these many
tasks, only two have a direct influence on the vehicle configuration. These

are the internal access requirements after installation in the Orbiter cargo
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bay and the checkout and loading interface umbilicals. The internal access
requirements have been analyzed, and the umbilical locations are the
subject of subsystem preliminary design.

The MOSC vehicle has three individual elements to be considered: the core
vehicle (habitability and subsystem modules), logistics module, and payload
module, The logistics module should not require late access as it is rela-
tively inert with regard to internal subsystems, .Access to the payload

modules and the core vehicle may be required during the prelaunch phase.

The basic MOSC core vehicle center of gravity requires that the habitability
module be located in the forward end of the payload bay, adjacent but not
attached to the Orbiter docking module. The subsystems module is located
at the aft end of the payload bay adjacent to the aft bay hulkhead. In each
instance, clearance envelopes are approximately 1 foot, precluding direct
internal access to the MOSC in either the horizontal or vertical positions in
the Orbiter processing facility (OPF) or at the launch pad. The installation

envelope is similar for the logistics and payload modules (see Figure 6-1,.

CR28B
200 Z75m w2 ‘LM “b’:sm HM Y ]

(/’J e ‘;_'-‘Ii')y ? ,
- K,
= /;% 4 1T LAUNCH A 2ND LAUNCH
. CORE VEHICLE LOGISTICS/
S 100 HABITABILITY/ ~— PAYLOAD
= SUBSYSTEMS 7 DAYS MODULE
5 MODULES {TYP) ASSEMBLY

) J )] ] 'y } | ] H
0 1 2 3 4 11 1 13 u B

TIME - DAYS

Figure 6-1. Baseline 4-Man MOSC Mission Profile — Orbital Deployment

C"} 176




Indirect internal access to the habitability module may be possible in the
horizontal position at the OPF via the Orbiter crew cabin/docking module.
This access capability is considered marginal, however, since the Orbiter
docking module and core vehicle docking assembly are not physically con-
nected. Considerable analyses have been performed for NASA with respect
to ground access requirements for life sciences payloads which utilize Space-
lab hardware of which MOSC is a derivative. Results of these analyses are
documented in Report No, CASD/NAS.75-001, February 1975, Access con-
siderations and impact identified in this report are closely comparable to
those associated with the MOSC configuration, and a manned airlock hatch
in the side of the pressure shell is recommended from a timeline and
minimum GSE viewpoint if access is required at the Orbiter processing
facility or at the launch pad. The core vehicle has an EVA airlock and
hatch located in the habitability module, The EVA hatch is in the end dome
at the end away from the subsystem module and should have sufficient clear-
ance to permit limited ingress. The paylocad module does not have an EVA
airlock in the baseline configuration; however, the pressure shell has 1-
meter-diameter bolted hatches in the cylindrical section, which could be

adapted to an entry port if required.

The MOSC core vehicle and payload modules (except for the life sciences
payvload} do not require loading of live specimens, and because time-
critical stowage items and specimens have not yet been identified, all internal

access operations are to be completed prior to MOSC/Orbiter integration.

6.2 LOGISTICS OPTIMIZATION ANALYSES

The operational techniques for Orbiter rendezvous and docking maneuvers
are hasic in concept and should permit efficient timelines for the initial
deployment and buildup of the MOSC vehicle and the resupply mission. Dur-
ing initial orbital deployment operations, the crew would not be on board

the MOSC vehicle., The core vehicle subsystems have been conceptually
defined to be operational in the unmanned mode, thus the core vehicle can be
inserted in orbit and remain stable until the second launch which would

bring the crew and the logistics/paylecad modules. This would occur approxi-

mately 7 days after the initial launch, as shown in Figure 6-1,
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The initial mission analysis evaluated the Baseline 4-man MOSC (i. e.,
multiple launch - 5-~year orbital life with 90-day resupply logistics) and
considered the possible use of a 3-man Limited Duration MOSC mission

{i. e., single launch— 60 to 90 days in orbit} with regard to efficiency of
accomplishing the candidate payload program. The crew exchange, resupply,
and payload replacement mission module recommendations were based upon
the most economiral operational approach for supporting the defined payload
program requiring long-duration missions (>7 days), The analytical approach

is illustrated in Figure 6-2.

Each payload combination identified in the payload requirements task was
examined to determine whether it was within the Shuttle's payload weight

and altitude performance capability. As illustrated in Figure 6-3, each mis-
sion can he flown utilizing only the Orbiter integral OMS kit ‘vhen the payload-
altitude range is limited. This approach permits ulilization of the total
payload bay iength. The solid bars in this figure define the altitude range
which is acceptable to each payload group. Since the Orbiter's payload-

altitude range varies hetwesn 100 and 350 nmi, it was arhitrarily divided
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Figure §-3. Mission Combination Altitude Distribution

into five, 50-nmi increments, shown in Figure 6-4, FEach of these
increments was analyzed to determine its payload population density, and
to identify those payloads that could be assigned to the Baseline 4-man
MOSC orbital facilities if they were stationed at a single altitude in 28, 5°
and polar inclinations, An example of this analysis is given in Figure 6-5
for 28, 5° inclination missions. In the 100-to-150 nmi altitude increment
{Group 1), four payload combinations (C-07, C-13, C-11, and C-08)can

be assigned to the baseline MOSC if it is stationed at an altitude of 135 nmi
The remaining payload combinations can be accommodated by any of the
three options as indicated. The primary criterion adopted to select the
best option was the least number of STS launches required. The division
of launches in terms of a baseline MOSC or a limited-duration MOSC facility

for each option of Altitude Group-1 as described in Figure 6-5 is presented

in Figure 6-6. Other altitude groups were similarly analyzed.

St

The preceding analyses in combination with equivalent polar orbit analyses,

determined that the minimum number of Shuttle launches necessary to accom-

!
3
B ]

modate the reference payload combinations mission schedule was 60, and
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Figure 65, Altitude Group 1 (28-1/2° Incl) Vehicle Assignment Options

180

OPTION C:

* ONE MOSC AT 135 NI

® ONE MOSC-LIMITED DURATION
ACCOMMODATES MISSION COM-
BII;IATIDNS C-01,C-02,C-03,AND
cl




e i

bt

CR-288

1984 168856 1986 1967 1688 1989 1890 1991
(] o0 - p aQ o (- | O O
c-01 c-01C-02  C-02 12 C12 c03 C03 |C12 c12 c-03 C-03
(m] (o O o 0O -
c-07 c13 c11 Ccn c-08 ‘C13 .
OPTION A OPTION 8 OPTION C
g .. 60 z 60
= g =]
2 80 © &0 2 50
q e 9 MOSCLIMITED A
g w w DURATION
C 4 5 a0 3 40
g MOSC-LIMITED g 5
DURATION
3 a0 il < 30 < 30
o MOSC-BASELINE w MOSC BASELINE “
E 20 E 20 E 20 7
2 MOSC-BASELINE
- I 2 /1 .1/ ’
a1 & 10 10 |
; a MOSC-LIM =
8 g f OSC-LIMITED a
e g DURATION 2 |
* 0T g6 | n7] ea|ap] ao] o1 o« u4 a5 | ee| 67| o8| o oo o1 T 0 [Galss 96| 87] za[as|nol ;1
PROGRAM YEAR | PROGRAM YEAR PROGRAM YEAR
33 MOSCBASELINE LAUNCHES 74 MOSC.BASELINE LAUNCHES 70 MOSC BASELINE LAUNCHES
16 MOSC.-LIMITED DURATION 8 MOSC-LIMITED DURATION 56 MOSC-LIMITED DURATION
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Figure 6-6. Altitude Group 1 {28.5? Incl} Shuttle Launch Requirements
() OTHER ALTITUDE GROUPS WERE SIMILARLY ANALYZED

required three baseline four-man MOSC {facilities and one three-man limited-
duration MOSC facility.

The analysis determined that two baseline four-man MOSC facilities were
required in polar orbit at 200- and 225-nmi altitudes, the first of which sup-
ported payload combinations C-06, C-09, C-10, C-14, C-15, and C-18 and
the second of which was assigned payload combinations C-01, C-03, C-07,
C-08, C-12, and C-13, Because of widely differing altitude requirements,
it was necessary to assign one limited-duration MOSC facility to accommo-

date payload combination C-~02 (250 nmi} and C-11 {135 nmi).
As shown in Figures 6-7 and 6-8, these analyses identified a traffic model

requiring 60 launches, based on a minimum cost compromise which consid-

ered both minimum launches and a minimum number of MOSC vehicles.
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Cargo hay length constraints were not imposed on the payloads in the initial
anzlyses (e.g., it was assumed that C-11 could be delivered and returned

in a total of two normal delivery and return launches). Each payload was
therefore reexamined with respect to its probable length requirements, based
on SSPD data, to determine the effect on total Shuttle launches required.
When payload length was constrained by the Orbiter cargo bay, the total
Shuttle launches required increased from 60 to 124,

Figure 6-8 reveals that if each baseline MOSC at 200-nmi altitude in the polar
and 28. 5° inclination orbits could change altitude (+25 and +65 nmi, respec-
tively), provided either by a logistics module propulsion kit or by the Shuttle
OMS, only two baseline MOSC facilities would be required to satisfy the entire
payload program.

A trade analysis was conducted to determine the total number of launches
required when only two baseline MOSC vehicles were utilized. Three opera-
tiocnal concepts were compared, as indicated in Figure 6-9. Operational

Concept C resulted in the minimum number of required launches, i.e., 47;

CR-288B
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however, because of the 90-day centers logistics flight schedule, a drastic
payload program schedule change would be required. Operational Concept

A was operationally desirable, because payloads would be delivered as
required, and crew time would be effectively utilized, but 116 Shuttle launches
were required. Operational Concept-B was determined to be the most
desirable, because the total number of required launches was only 69, i.e.,
67 required operationally plus 2 additional for delivery of the core vehicle,
even though it required a variation in crew mission time and a maximum

crew on-orhit time of 180 days.

As this would at least double the launch costs, an alternative approach of
utilizing an altitude change was investigatéd. This proved very effective
inasmuch as only four payloads were identified which would require an altitude
change beyond the normal altitude band. Those are C-2 at 240 nmi and C-11
at 135 nmi in 28, 5° orbit, and C-4/C-5 at 215 nmi in polar orbit. It was
assumed that the Orbiter could accomplish the +25-nmi change in polar orbit,
The +65 nmi in 28. 5° orbit would require either Orbiler or tug support. As
this was a limited case, an altitude change propulsion subsystem was not
considered for the MOSC vehicle. This subhsystem, however, could be added

by means of a logistics module propulsion kit.

The results of this operations analysis were applied to the Tasks 2 and 3-

vehicle and subsystem selection and definition. The following salient points

summarize the mission analysis task:

A. The planned expcriment program requiring long-duration missions

(>7 days) can be most economically implemented by utilizing two
Baseline 4-Man MOSC facilities. The candidate payload program,
as defined in Book 2, would be most effectively accomplished by one
baseline MOSC stationed in polar orbit at about 200~-nmi altitude and
a secaond baseline MOSC stationed in a 28. 5° inclination orbit at
about 200-nmi altitude. A t--al of 69 logistics launches should he
haselined. These logistics flights would be launched on demand with

maximum 90-day centers.

B. Modifying the current candidate payload program permits the

lowest-cost operational program implementation approach of two
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baseline MOSC vehicles (i. e., polar and 28. 5° orbits) which are
logistically supplied on 90-day centers.

C. For early and/or special missions supporting experiments which
require up to 60-day mission duration, utilization of a three-man
limited-duration MOSC vehicle should bé considered.

6.3 LOGISTICS-RESUPPLY MISSION ORBITAL OPERATIONS

An evaluation of logistics-resupply operations was made to identify operational
options, confirm the MOSC vehicle configuration, and identify the Orbiter
rendezvous and docking sequence. An Orbiter logistics resupply mission
generally involves crew exchanges and delivery of a logistics module and a
payload module to the orbiting MOSC vehicle. It also returns to Earth the
previous crew, depleted logistics module, and completed payload module.

The two options which were evaluated for implementing both the orbital assem-
bly operations and the logistics resupply mission are:
A. Maximum Orbiter remote manipulation system (RMS) utilization
with Orbiter docking assistance.
B. Maximum Orbiter docking with Orbiter RMS assistance.

The mechanical docking of the logistics and payload modules to the MOSC
core vehicle has been assumed to be within the RMS dexterity and load/force
capabilities. Also, the dynamic force limitations and structural integrity of
the international docking assembly were assumed to be acceptable for the
purpose of general operational analyses. It will be neceisary in a future
study to conduct a detailed design and operational analysis of the international

docking assembly and the Orbiter RMS to determine their limitations.

6.3.1 Logistics Mission Module Exchange

Option 1-A — Two Orbital Remote Manipulator Systems

This operational sequence which requires the use of both the basic Orbiter-
supplied RMS and an additional payload-chargeable RMS is illustrated in
Figure 6-10,
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Figure 6-10. Resupply Option 1-A {Two Orbiter Remote Manipulator Systems)

The sequence of events involves crew handover and transfer immediately
after the ""depleted" logistics module has been hard docked to the Orbhiter dock-
ing module. After crew exchange is completc.:d, orbital replacement opera-
tions on the logistics module and the payload module are initiated, which
requires simultaneous operation of hoth RMS systems. The operation
elapsed-time approximations in Figure 6-10 were defined for option compari-
son purposes only and are not based on detailed operalional timeline analyses,
Although this option requires the least amount of relative operational time,
there are significant operational requirements inherent in the sequence which
must be investigated in detail. The disadvantages are noted as follows:
A. A payload-chargeable RMS is required - approximate weight 2, 000
pounds,
B. Additional RMS control equipment and software would require
modifications to load handling station in the Orbiter crew compart-

ment.
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C. Deployment of the replacement logistics module from the Orbiter
cargo bay requires that it he positioned out of the field of view of
the operator as well as the supplemental payload-bay-mounted TV
visual aids. Therefor:, the operator is required to hanrile the
module blind, which significai.tly increases the hazard potential
during manipulation operations, or additional visual aids must

be provided.
D. Deployment of the payload module from the payload bay - same as

Item 3, above.
X. The relatively low acceleration capability of a loaded RMS suggests
that docking of a manipulator-attached module to a free-flying

MOSC may be marginal due to the engagement forces required by
the international docking assembly.

6.3.2 Logistics Mission Module Exchange
Option 2-A — Orbiter Hard Docking

The operational sequence for Option 2-A, illustrated in Figure 6-1l, requires
the use of only the Orbiter-supplied RMS and docking module. Module
replacement operations would require about 10 percent additional time and

are accomplished in a "hats-on/hats off'' mode.

The MOSC operational considerations are that four MOSC/Orbiter hard-dock

maneuvers are required and the new c¢rew must he aboard the MOSC during

module exchange operations.

6.3.3 Logistics Mission Module Exchange
Options 2-B and 2-C

Two additional options (2-B and 2-C) illustrated in Figure 6-12 and 6-13 were
assessed to determine the required sequences to affect crew handover/exchange

either as late as possible or only after modular exchange had been accom-
plished.

In Option 2-B, the original crew is required to remain aboard the MOSC |
during modular replacement, whereas in Case 2-C, crew exchanz.: and hand- !

over is performed immediately after the initial docking operation. After
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Figure 6-11, Resupply Option 2-A (Crew Transferred to MOSC During Initial Docking)
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Figure 6-12. Resupply Option 2-8 (Crew Aboard Orbiter During Module Exchange)
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Figure 6-13. Resupply Option 2-C {Late Crew Transfer}

handover has been accomplished in Case 2-C, both MOSC crews exit to the
Orbiter via thé docking tunnel. afrer which module exchanges are performed.
Upon completion of module exchange, the new crew enters the MOSC via the

docking tunnel, and the MOSC is separated from the Orbiter.

The required ¢7 .:rations for these options are essentially the same except
that Option 2-C r.quired the most relative time (i. e., 40 percent more than

Option 1-A) and five hard-docking operations are required (as opposed to
four for Options 2-A and 2-B.
6.4 ANALYTIC RESULTS
Although requiring more operational time, Option 2-C was selected as the
most desirable operational approach to implementing the MOSC logistics
resupply mission since it retains the favorable feature of Option 2-A and 2-B
(no requirement for a second RMS), and offers the following additional
beneficial characteristics:

A. MOSC systems can be essentially powered down during module

exchange since no crew is aboard.
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B. MOSC solar arrays may have to be retracted prior to the module
exchange operations due to Orbiter thruster plume impingement. In
this option the potential requirement for electrical power augmenta-
tion can be eliminated if the systems can be powered down. If not,
auxiliary battery power can be utilized.

C. Crew safety during the complex module exchange operations is
enhanced since the entire crew is located in the Orbiter.

D. Maintaining the crew in the Orbiter durin‘g logistics operations
reduces the need for logistics module life support consumables

requirements by about 7 hours,

6.5 VEHICLE ASSEMBLY AND MODULE REPLACEMENT SEQUENCE

The detailed sequences of module handling and docking requirements for typical
operations during the initial vehicle agssembly and logistics resupply are
included to provide detailed definitions of the preceding operational options,
Figure 6-14 depicts the typical initial orbital deployment of a Baseline 4-Man
MOSC vehicle. Figure 6-15 portrays the resupply mission replacement of

the logistics modules.

After the vehicle assembly or module replacement sequences are complete,
the crew will transfer to the MOSC from the Orbiter. Transfer of supplies
and materials from the logistics module to the other modules will be per-
formed manually during flight by the crew members as required. In general,
it is anticipated that the payload modules would be exchanged or assembled
first, with the logistics module containing the consumable supplies being the
last element to be exchanged hefore manning and reactivation of the complete
system. The final decision un the operational assembly sequence, however,
will be dependent upon the mounting provisions in the Orbiter cargo bay and,
because of certain peculiar payload characteristics, the sequence may vary
from flight to flight. ’

Interviews with Skylab astronauts suggested the desirability of providing a
crew overlap period of several days for debriefing and information exchange
between the returning crew members and the replacement personnel. If such
a transfer period is required, the Orhiter may be required to remain either

attached or in the vicinity of the MOSC for this checkout and transfer period.
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Section 7
EVOLUTIONARY PLAN FOR FUTURE MISSIONS

The capability to support future missions requiring greater scientific and
applications program support can be readily provided by the MOSC modular
concept. As shown in Figure 7-1, a logical progression of space station
growth could occur between 1985 and 1995.

7.1 VEHICLE CONCEPTS AND MISSIONS

The initial missions for the Baseline 4-Man MOSC facility will be in a 28.5°
orbit and will consist of multidiscipline orbital-research programs. These
missions may also include space structure assembly projects in which large
assemblies such as radio telescopes are assembled manually and then moved

to the desired operational orbit by unmanned tugs. The initial facility will
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Figure 7-1. Representative MOSC Prograﬁl Operations
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have flexible accommodations/subsystems to support a full span of scientific
and technological projects. Approximately 2 years after the initial system

is operational, a second facility can be locatec. in polar orbit. The basic core
facility can grow easily into an 8- to 12-man fi.cility by adding modules as

the demand for orbital activities grows. The 28. 5°and polar facilities

will be supported by Orbiter launches from KSC and from VAFB,

The versatility and effectiveness of the MOSC modular elements are illustrated
by the modular configurations which can meet a variety of mission and payload
requirements. The growth into the regime of higher electrical power, 20 to
24 kW, and the larger crews of 6 to 12 would require serious consideration

of a docking adapter module to keep the total vehicle length to a minimum.

This would benefit both the crew activity and the inherent structural rigidity by
reducing bending moments and resultant effects on the stability and control

system.

The 12-man option shown in Figure 7-2 could evolve from the baseline
configuration with the addition of a small-diameter docking adapter module.
An alternate radial docking concept using a three-cylindrical-section habita-
bility mo-lale is shown in Figure 4-9, The habitability/docking module would
also be a candidate for the growth version. Safety procedures, traffic flow,
and area volume assignments require detailed analysis to assess the relative

merits and make a selection.

The orbital buildup of the various opfions would start with the baseline four-man
vehicle., However, in each option, modulc rearrangement and additions could

convert the vehicle to an option to support a different major objective.

Three typical evolutionary paths are depicted in Figure 7-3. Path 1 ig the
study baseline concept defined in Section 5. This approach has the advantage
of developing the basic core vehicle as a point of departure for developing
various mission support configurations. Preliminary evaluation determincd
that a four-man crew was feasible for assembling large structures in space and
the conduct of the science and applications program defined in the MOSC Study.
Planning for eventual growth to a six-man crew could be accomplished with

minimum modification by selectively oversizing subsystems for six men,
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This would not require that the added consumables or components be installed
for the four-man baseline, but interfaces would be installed and mounting

envelopes provided. In this approach, a meodified logistics module could

accomodate the two additional crewmen. This variation has the inherent

flexibility of adjusting the crew size hetween four and six as a function of
payload operational requirements and at the same time not overly penalizing

the core vehicle.

Path 2 leading directly to the six-man configuration has several options,
which are described in Appendix F. These include a direct modification to

the baseline four-man hahitability module, a longer habitability module, or a

docking adapter module with an additional habitability or combination module.

A direct modification to the baseline four-man concept has the disadvantage
of eliminating the wardroom and some free volume in order to make space

available for the two additional crew quarters,

Path 3 is an austere approach which could support a limited scientific and
applications program in low Earth orbit, but would require significant modifi-

cations for growth to a four-man vehicle.

7.2 ASSEMBLY OF LARGE STRUCTURES IN SPACE
This potential future mission was selected for preliminary analysis to confirm

the versatility and support capability inherent in the MOSC concept.

The Apollo and Skylab programs have demonstrated that an operational extra-
vehicular activity (EVA) capability can play a significant role in future space
missions. An EVA capability is planned for Orbiter support, as well as its
| payloads. An operational manned maneuvering unit {MMU) is an established
Orbiter program requirement. It can be anticipated that future manned orbital
facilities will draw on this basic EVA technology development to significantly

expand their operational capability.
One area in which the utilization of EVA crewmen can play a major role is the
erection of large structures in space. Large antennas for communication and

radio telescopes, large solar energy collectors (both thermal and electrical)
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and large platforms for grouping multi-antenna arrays are projects which can
be reasonably foreseen in the 1980-1990 time period. The size of these
structures will range from 100 to 1500 feet in span. This doesnot imply a
limit for future projects, but only serves to bound this discussion of potential

projects.

Since the Shuttle payload bay is 60 feet long, it is obvious that these large

structures will require deployment or assembly in space.

Erection techniques will undoubtedly range from fully automatic deployment

to fully manual with the majority being a combination of these approaches,

Some of the more significant parameters involved in considering the utilization

of EVA crewmen in assembling large structures in orbit are described in the

succeeding paragraphs.

7.2.1 EVA Crew Timelines

In assessing EVA crew time, it is necessary to consider the support time in

addition to the time actively spent in EVA. A typical EVA consists of pre-
EVA, EVA, and post-EVA activities. The following times are based largely
on NASA.JSC assessments of EVA capability for Shuttle.

Preparing for EVA will consist primarily of prebreathing (unless future

EVA suit pressures are raised to preclude this), a planning session, equip-
ment preparation, suit donning, life support equipment donning, equipment
checkout, airlock depressurization and vehicle egress. These operations will
require approximately 2 hours per man per EVA operatibn. Three hours of

prebreathing are required, but can be done simultaneously with other EVA
and non-EVA tasks.

Portable life support systems for EVA are being designed for é6-hour
(maximum) operations. Apollc and Skylab experience, plus projected equip-
ment improvements, tend to make a 6-hour EVA operation realistic on a
repetitive basis. A reasonable assumption for large-structure-erection mis-

sions would be one 6-hour EVA per man per day for 4 days out of 5.
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Current safety guidelines require an IVA crewman to act as monitor during
all EVA operations. This adds 6 to 7 manhours per EVA operation. This
requirement should be re-evaluated, however, when considering long-term-

operation EVA missions.

Pogt-EVA activities consist of vehicle ingress, airlock repressurization, suit
and support equipment doffing, recharging life support units, and stowage of
equipment. These tasks will require approximately 1.5 hours per man per
EVA operation.

Table 7-1 shows that for a two-man EVA team, 48 manhours of actual EVA
are available every 5-days. During this 5-day period, 100 manhours of crew
time is expended for all EVA-related activities (not including maintenance of
EVA systems). By way of comparison, the Skylab mission (SL-3) obtained
approximately 27 manhours of actual EVA for a total 114 manhours of EVA-

related activity. Although some of the assumptions will need confirmation,

Table 7-1

ASSEMBLY OF LARGE STRUCTURES IN SPACE
EVA MAN-HOURS

Man-hours
Pre-EVA EVA EVA Monitoring Post EVA Total

Crewman No. | 2 6 9,5

Crewman No. 2 2 6 1.5 9.5

Monitor 6 6
Totals ry 12 6 3 25
Actual EVA;

4 days x 12 man-hours/day 48 man-hours

48 = 9,6 man-hours
5

Avg Man-Hours/Mission Day

Total EVA Related:
4 days x 25 man-hours/day 100 man-hours

Avg. man-hours/mission day = %9 = 20.0 man-hours

|
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overall, these are reasonable data points for analyzing large-structure-erection
missions. Further effort, however, is required to more precisely define
expected EVA timelines and to investigate ways to increase actual-EVA-to-total-
EVA-related time ratios,

7.2.2 EVA Equipment

Basic EVA hardware such as pressure suits, portable life support units,

manned maneuvering units, restraints, and remote manipulator units are
currently in the Shuttle program. Each has extensive development history

and can be cousidered in assessing the erection of large structures in orbit.

7.2.3 EVA Activities

The EVA crewman's role in supporting the erection of large structures in

orbit will consist of assembly, transportation, alignment, inspection, checkout,
and maintenance. Trade studies will be required to define optimum utilization

of the EVA crewman.

7.2,4 EVA Consumables

EVA support of a large-structure assembly would inherently require EVA

operations an order of magnitude greater than those of other types of missions
being considered for MOSC. EVA operations have significant penalties which
are event oriented rather than duration oriented. An example of this is airlock
cycling, One airlock depressurization and repressurization is required for
each EVA excursion. Missions requiring relatively few EVA operations can
afford overboard dump of the airlock atmosphere with subsequent replenish-
ment from vehicle stores. For missions requiring daily EVA operations, a
system for airlock atmosphere recovery through pumpdown and storage must
be considered. A 90-day mission with daily EVA would consume roughly

1, 000 pounds of OZINZ‘ plus tankage, if a pumpdown and storage system were
not used. However, a pumpdown and storage system for the airlock will have
inherent development, power, and storage requirements. Increased time for

airlock depressurization with a pumpdown system must also be considered,

Prebreathing penalties (02 consumption) are amplified in a high-EVA-rate

mission. Development of a pressure suit which does not require prebreathing
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or suit purging could save approximately 630 pounds of O for a 90-day mis-

sion,assuming a two~-man EVA team,

Another consumable which becomes significant is the water utilized by the
portable life support system for body cooling. This amounts to 1,440 pounds
for a 90-day mission with daily EVA. Alternate cooling methods might be
more attractive where fuel cells {available water) are not used for vehicle

power.

7.2.5 Assembly of Large Structures

Assembly should be done on the ground up to the point where the structural
density matches the maximum payload density of the Orbiter. Assuming
full utilization of the volume available, this would be about 6.2 1b/£t3,

Orbital assembly can then be accomplished by automatic deployment, EVA
crew operations, remotely controlled manipulator arms, remotely controlled
free-flyers, or any combination of these. In some applications, such as a
large-aperture radio telescope, an automatically deployed core section may
be activated initially with the subsequent manual installation of the remaining

antenna elements.

Precise definition of assembly techniques requires detailed trade studies:
for eachparticular structure. However, it is quite possible that a "universal"
structural element can be developed that will be the basic building block for

a wide variety of structures.

Assuming a basically manual EVA approach to assembly, several variations
are possible:
A, Join ready-made elements to form a complete structure.
B. Assemble elements from basic pieces {e. g., tubes, fittings) and
joint elements to form a complete structure.
C. Deploy collapsed elements and rigidize with fasteners; then join

elements to form a complete structure,

Orbit al assembly of elements from basic pieces is probably not cost effective
since this can be done on the ground without exceeding the optimum Orbiter
cargo bay payload density (6.2 1b/f13).

200




L

B

W mevsalmease de sk e e BT B ERARLT o mmmmmmm A E A A e E— s o o e

7.2.6 Role of MOSC

The unique feature of MOSC is its capability for long-term orbital stay time.
The Orbiter will have a limited time on orbit and a limited work area, A
large structure deployed from the Orbiter only has to be mostly automatic
because of the short orbital stay time. On the other hand, structural
elements delivered to a MOSC, by periodic Orbiter flights, could be designed
for manual assembly, and therefore have a much higher packaging density.

An ancillary module, as shown in Figure 7-4, could be attached to MOSC to
provide a work station specifically designed for assembly and deployment of
structural elements*»y EVA crewmen. The module could contain assembly
equipment, hand tools, crew restraints, maintenance equipment and align-

ment verification and adjustment equipment. Remotely controlled manipulator

arms could also be part of this module if required.
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Figure 7-4, Structural Assembly in Space
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7.2.7 Large-Structure Assembly~-Timeline

In order to provide a quantitative definition of the mission time to manually
erect a large structure in space, the assumptions in Table 7-2 were formu-
lated. A 200-m-diameter radio telescope was sclected as representative of
a typical potential project and has been the object of vitiier studies®. The
antenna was assumed to be assembled in low Earth orbit, utilizing the MOSC
vehicle for interim attitude control and station keeping, as well as habitability
support for the erection crew. After assembly and checkout, the antenna

would be moved into its operational high Earth orbit by a Space tug.

The general configuration of the antenna attached to MOSC prior to assembly

and deployment is shown in Figure 7-5, The logistics pallet and the docking

adapter would be docked to the MOSC. The pallet contsins all the structure
and assembly jigs for the antenna. The docking adapter contains the opera-
tional attitude control subsystems, the electronic subsystems, tools, and
other support items. The basic elements of the antenna are shown in
Figure 7-6. One possible assemhbly sequence is shown in Figure 7-7. The
deployed antenna, still attached to the MOSC, is shown in Figure 7-8. In
order to form the paraholic reflector, the element size and shape would
have to vary from row to row. However, to simplify the analysis an average
element will be considered. The average reflector element could be a tri-
angular-shaped structure, 20 feet on a side and 2 feet thick, Each vlement
would be collapsed for launch. This increases element density to make
optimum use of the Orbiter payload bay. An assembly jig would be set up
on the work platform to ensure accurate geometric alignment after each
element is unfolded and stiffened by the addition of several structural
members. The reflector surface, which consists of fine wire mesh encased
in Mylar or other thin fiim, would be preattached to the one face of the
element. Unfolding and locking the element would stretch the wire mesh
laminate across the surface. A second layer of laminate would he attached
to each element to he used in subsequent reflector assembly. The stiffening
members could be attached to the element with hand-held power guns that
install pin fasteners in onec operation. The assembly jig would he readjusted

for each change in element geometry to closely control the parabolic shape

*'"Orbital Assembly and Maintenance Study - Midterm Briefing, " Martin
Marietta, Contract NAS8-14319,
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Table 7-2 288
ASSUMPTIONS FOR ASSEMBLY OF LARGE STRUCTURE IN SPACE

ASSUMPTIONS
® LARGE SPACE STRUCTURE — THE 200-METER CONCEPT WAS SELECTED AS TYPICAL

® LOWEARTH ORBIT
® MASS 25,000 L8
® ALTITUDE 200 NM ~ ASSEMBLY
® ASSEMBLY PROCEDURE ~ MANNED
® ASSEMBLY SUPPORT — MOSC LLS ASSEMBLY MODULE

« STABILIZATION AND CONTROL - MOSC

»

@ HIGH EARTH ORBIT
& OPERATIONAL ALTITUDE — 8,000 NM
#® ORBITAL TRANSFER — TUG
& STABILIZATION AND CONTROL ~ L5S INTEGRAL SUBSYSTEM
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Figure 7.6, 200 Meter Antenna Basic Elements
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Figure 7-8. Deployed Antenna Attached to MOSC

of the reflector as it grows. After the element was rigidized, it would be
removed from the jig and transported to its unique circumferential position

on the reflector by the two crewmen.

The mast with its feeder could be assembled either before or after the
reflector is assembled. In either case, the logistics pallet could become
the first 40 feet of the mast. The feeder it assembled at the end of the
pallet and deployed on the end of a 120-foot telescoping tube stowed in the
center of the logistics pallet. The mast is aligned by adjustments at the
tower/pallet interface.

Final asgsembly operations consist of relocating attitude control units from the
docking adapter out to positions on the reflector, and erection of solar power
panels. During checkout of the antenna system, some EVA would be required

to adjust structure or support modules.
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Table 7-3 summarizes the time required for the orbhital assembly of the
200-meter radio telescope.

The time estimate was based on the following assumptions:
A. Erection technique basically manual.
B. Four-man crew with two men on EVA team, third man monitors
EVA team during EVA, and fourth man dedicated to non-antenna

tasks.

2

Life support provided-by portable units.
D. Average of 9.6 manhours of EVA available per mission day
(see Table 7-1).

E. Rest periods requiring 5 minutes out of every EVA hour.

In addition to the 75 days required for actual assembly, about 10 days of
checkout and adjustment would be required. Allowing time for contingencies,

such as repair, a mission length of about 90 days would he required.

Reallocating existing crewmen or increasing the overall crew size, to
increase the number of crewmen involved in assembling the telescope has
nearly a linear effect on assembly time. For example, using a third crew-
man to provide a daily fwo-man crew would give a 12 manhours-per-day EVA
capability, and using five men of a'six-man crew to provide two shifts of two
men daily would give a 24 manhour-per-day EVA capability. The latter case
would cut the actual assembly time to 30 days. However, it is not obvious that
maximizing the number of crew dedicated to telescope assembly, versus a

mixture of erection and scientific experimentation, is the best approach.

Varying the assembly technique from fully manual to fully automatic would
greatly affect the time required. However, factors such as development cost
and time and the number of Shuttle flights required must be considered.
Figure 7-9 illustrates the dimensional characteristics of the completed

structure.

7.3 TECHNOLOGY DEVELOPMENT REQUIREMENTS - CANDIDATE SRT
A fundamental guideline for the MOSC vehicle definition was the maximum

application of available hardware and technology to the flight subsystems.
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Table 7-3

ASSEMBLY OF LARGE STRUCTURES IN SPACE

Task Man-Minutes
1 Set up work platform ’ 720
A, Unstow and install work platform segments (360 )
B. Unstow and set up assembly jig (240 )
C. Unstow and check out tools and assembly
aids (120 )
2 Assembly reflector for each of 960 segments:
37. 7 man-minutes x 960 elements = 36,150
A, Remove folded element from logistics
pallet ( 1.0)
B. Place element in assembly jig ( 1.0)
C. Unfold and lock element in jug ( 2.0)
D, Imstall rigidizing members in element,
6 members {( 12.0)
E. Remove element from jig ( 1.0)
F. Transport the element to its attach point
233 ft/1 ft sec (Avg distance) = 233 sec -
7.8 man-min
G. Install element, 4 fasteners { 6.0)
H, Attach wire laminate over adjacent hole { 1.0)
I. Relocate restraints and attachment aids
to next attach location ( 2.0}
J. Locomote back to logistics pallet ( 3.9)
233/2 ft sec = 116 sec = 3.9 man-min
Subtotal Items A through J { 37.7)
3 Erect Mast and Feeder 2,400
A, Assemble feeder (720)
B. Deploy 120 ft tube and feeder ( 60}
C. Assemble 40 ft beam segments,
9 segments {540)
D. Assemble 120 ft tower {720)
E. Detach tube from pallet and slide base
to apex of tower . (240)
F. Rigidize tube to tower ( 60)
F. Align mast at tower/pallet interface ( 60}
4 Deploy Support Equipment 500
A. Relocate attitude control units from
docking adapter to reflector {300)
B. Erect solar power panels (200)
Total 39,770 =

662. 8 manhours + 9. 1% (662, 8) rest
periods = 723. 1 manhours
723. 1 manhours
9.6 manhours
MISSION DAY

= 75 mission days

662. 2 manhours
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Figure 7-9. 200-Meater Antenna Assembly Sequence -

This approach was one of the major elements of the minimum cost program
gstructure because it significantly reduced the DDT&E costs. The successful
execution of this guideline was possible because of the current spectrum of
manned space-flight hardware development on the Sﬁace Shuttle and Spacelab
programs and the Apollo and Skylah technology heritape. However, it was
necessary in selected situations to utilize improved versions of existing
hardware or components which are currently in development. These cases
occurred in those subsystems which required increased performance or

reduced weight or volume in order to meet a MOSC performance goal.

1. Baseline Hardware Technology Developmeﬁt Reguirements

The following hardware components/assemblies are integral
members of the baseline subsystems and were selected on the
basis of MOSC performance requirements and their development
status. In each case there was a finite and desirable contribution
in one or more of these arcas: cost, weight, volume, electric

power and/or long-life maintainability.
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Water Reclamation - the vapor compression process (under
development as advanced technology)

Electrical Power Source - lightweight solar arrays (under
development for the SEPS program)

Stabilization and Control - increased capacity CMGs based on
the Skylab hardware (was under development in 1972 as advanced

technology)

In addition to this category, the second category includes growth candidates

and items requiring additional study to ascertain the development needs.

2. Improvement/Growth Hardware Technology

The following items are candidates for further evaluation:

a.

C.

Structural/Mechanical - lightweight, large hatch opening

docking assembly

Crew Accommodations -

e automatic washing machine/dryer to save fixed vehicle
weight by reducing crew stowage requirements

e trash compactor which also sterilizes waste material
subject to bacteria growth

Environmental Control and Life Support - mol sieve with pump-

down water save system

Electrical Power -

e improved efficiency arsenide gallium solar cells applied
to space solar arrays

[ supplemental peak power with 2 to 5 Kw capacity

e longer life batteries

Environmental Protection - more detailed definition of external

contamination sources and protection requirements

The span of SRT ranges far beyond these candidates and it will be expanded

and refined as the vehicle concept and requirements are further defined in

subsequent studies.
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Appendix A

MOSC DESIGN AND OPERATIONS SAFETY CRITERIA
AND REQUIREMENTS

In the early examination of new mission concepts such as MOSC, safety
awareness and considerations perform a very necessary function in alerting
the designer to preventative design features that can be readily incorporated
and can eliminate or control potential hazards in future flight operations.,
Accordingly, guidelines were established in conjunctinn with MSFC, They

are described later in this appendix.

As described on the following pages, the safety criteria and requirements used
in the MOSC Study were documented in two sections. Section A-1 is a draft

of a NASA safety document entitled "Safety Policies and Requirements for
Payloads using the National Space and Transportation System - October 1974, "
This document is a NASA Headquarters Level I document that will eventually
be signed off by the Associate Administrator for Manned Space Flight. It is
planned that each of the STS element program officers will utilize this docu-
ment for all STS-related studies and programs. This document is therefore
the highest-level safety document applicable to MOSC and was used in the
MOSC study.

Section A-2 "MOSC Design and Operations Safety Criteria and Requirements -
December 13, 1974" provides additional depth of safety criteria and require-
ments specifically applicable to manned systems as developed for the MOSC
Study. This material was derived from the "Space Station Program {Modular)
Safety Plan and Criteria' prepared under MDAC Contract NAS8-25140 with
the Marshall Space Flight Center. This latter material was modified and
updated to reflect the specific requirements of the MOSC Study and then
approved for use by the NASA Study Manager.
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The material appearing in Appendices A-] and A-2 was used on all concept
development and subsystem definition work and served as a basis for safety

comparison between concepts, detailed design,and operations.

The task flow following in the analysis and evaluation of the MOSC configura-
tions is shown in Table A-1.

Table A-1
CREW SAFETY ASSESSMENT TASK FLOW

. Establish Safety Guidelines
® Determine functional allocations of activities to modules

e Establish the energy sources that can produce potential
hazards to conceptual configurations

e Identify experiments, systems, and mission power sources
that have potential for generating hazards

e Define potential for hazards in the conceptual configurations

prior-to detailed design {guide to development of designs that

minimize hazards to the program functions)

Once the safety guidelines were established, the next step was to determine
the mission functional activities and their allocation to the various modules
that will be used in defining the conceptual configurations. These functional
allocations are summarized in Table A-2, These functions involved the
incorporation of certain subsystems with their attendant potential hazard
sources, which influence their location in the vehicle and the resulting inter-

face design, The proper support of the crew in a free-flying vehicle such as

MOSC requires a number of functions dedicated solely to crew support and

safety, including emergency provisions and hazard retreat areas.
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Takle A-2
MOSC MODULE FUNCTIONAL ALLOCATIONS

Module
Payload

Function Habitability Subsystems Logistics Module/Pallet
Crew Support
Eat Prime - Retreat Retreat
Sleep Prime - Retreat Retreat
Hygiene —_ Prime Retreat Retreat
Atmosphere - External External —
Storage
EC/LS Atmos, Controls Atmos. Atmos.

loop loop loop

EVA/IVA Airlock — Backup Backup
Operational Support
Thermal Loop Loop Loop Loop
Service Radiator Radiator
Docking Module/ Module/ Module/ Module/
System Orbiter Orbiter Orbiter Orbiter
Elec Power

Primary Distr loop Controls Distr loop Distr loop

Solar panels

Emergency Batteries Batteries Batteries Batteries
G&N Stab., - Controls - —
& Control Sensors
Propulsion Thrustors Propellant Thrustors —
System
Space & Ground Data  Antennas System Comm. Comm,
& Comm Link Comm,
Control Panel Payloads Subsystems - —

{prime) (prime)
Data Store Space Store Relay
: ground link (film,
records)
Propellant — In systems Tanks -
Spares Limited Limited Prime Limited
A4




In the third step of the assessment, potential hazards related to energy 4
sources were listed as shown in Table A-3, The type of hazard was generalized

including the damage or failure mode.

The fourth step in the assessment involved surveying the payloads support
subsystems, and power sources that have a potential for generating hazards,
These determinations are shown in Table A-4 for the reference MOSC payloads,
The potential experiment hazards have been identified based on the installation

s e B S et e LR ST L D

concepts, power subsystems, mechanical features, and chemical components.
The potential hazards for the basic modules and support subsystems are also :
shown, relative to the previously determined functional allocations to each i

module,

The basic nature of certain experiments {(e. g., high voltages, lasers, high-
energy radio frequencies, toxic gases and cryogens) creates hazards that can
be minimized, but not eliminated, by thorough design. This includes isolation
of the hazard outside of the manned modules and/or scheduling of hazardous
operations on a safety priority basis. Cryogenic and high-pressure systems
are required in a high-performance design and would become prohibitively
heavy or large if low pressures and ambient temperatures were used. State-
of-the-art design solutions exist that permit safe design for these hazard

sources. i

Finally, these various hazard potentials were examined with reference to the
original safety guidelines, and a summary of safety guidelines was prepared
for use in the design activity that will detail the configuration concept. This
summary, shown in Table A-5 is based on the details contained in the safety
guidelines {(Sections A-1 and A -2) approved by MSFC. The grouping is by safety
function to show the expected effect of the design considerations. The same
degree of attention to safety features and design detail on all configuration
concepts assured compliance with the safety hazard guidelines. Thus, safety

as an evaluation factor on the different MOSC configurations did not differ




Table A-3

POTENTIAL HAZARDS IDENTIFIED
IN CONCEPTUAL EVALUATION

PROCEDURES NUCLEAR

OPERATIONS/

[
gg Potential Hazard Control
%:3 Type of Damage or MOsSC Solutions
& UO, Hazard Failure Mode Involvement Example
o Insulation Arcing/Shock All Modules & Design, Isolation,
o Breakdown Fire Shuttle Shields
JA8
585 Infrared RF Burn Experiments Controls, Shields
- H
58% RF Exposure Burn Experiments Controls, Shields
SRR
W E  Radiation Radiation Experiments + Shields
'_l p
] Effects Space
Pressure Rupture All Meodules Design & Tests,
Vessgels Pressure Relief
Structural Distortion or All Modules Design and Test
é Strength Separation
é Deployables Bistortion, Systems Modules, Design and Test,
< Jam, or Experiments Control
g Separation
§ Momentum Rupture Subsystems Module, Design and Test,
Storage Devices Experiments Control
Manipulation Impacts, All Modules Design and Test,
Interference Guides, Bumpers,
Control, Training
Corrosive Materials Resources Module, Design, Isclation
Fluids Change, Toxic Experiments
:;1 Flammable Heat, Smoke All Modules Materials Selection,
O  Materials Desipn, Isolation
2
Bl Ordnance Inadvertent TED
5 Devices Activation
Cryogens Rupture, Fire Resources Module, Design, Isolation
Experiments
Contaminants Toxic All Modules Materijals Sélected,
Material Control &
Rubbers
RTG's Heat, Radiation No Coolant, Isolation,

Shielding

Crew Retreat .. Atmosphere Twoe Pressuare Volumes Two or More Pressure
Unusable Voilumes Connected
Crew Escape Station Rescue QOrbiter Emergency Retreat/

Uninhabitable

Supplies
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Table A-4
POTENTIAL HAZARD SOURCES

Elcctre/

Encrgy Sources Electromagnetic Chemical
Miuwion Hazard Typos
B T 1T
B
4 &
B 4,2
Llol @ e o2 !
5 b 13 HEEIHE E. !
o Mealal E|BIE o i
b I T Gl Bl o !
I E R
HMEIEEIREIEY L
& .:g.:'-.n.:ﬁﬂim-ﬂchnuu
Payload S55PDA B 2 e g | Bl SlolzimT
Group Na, i D@ B2 A Al s w444 {a Remarke
C-01 AS-01-5 X XX XX X|x
AS-15-8%
c.02 AS.03 X XX lx XX
AS.04
AS5.08-5
AS-10-5
c.03 AS.13-5 X X
80.01-5
C-04 AS5-06-5 XX X XXX X Shaped chargrs gas
CN.02-5
C-08 AS5-06-8 X| XX X[(X{¥ X Shaped charges gas
CM.04-5
CN-0&-5
C-06 AP-06-8 XXX X{XIX X Shaped charges gas
EQ-07-5
Oor-08.8
c-07 SP.14-5 (X[ X[~ X XX X, X
5T-04-5
5T-05-8
C-08 EC.01-5 XXX XX XX X
5T-21-8 .
5T.2%-5
C-09 EQ.05-5 XXX
oP-02-5
OP-00-5
C-10 EO-05 X X X
EQ-06-5
QP-03-5
OP.04-5
c-1t AS5-19-5 X X
HE-14-5
HE-19.§
ST.06-3
c.12 L5-07-5 XXX XX XX X
L§-10-5
SP-09-8§
S5P.05-5
SP-16-5
C-13 L5-09-8 X[X| X X X X
L5.10-5
SP-15-5
EP-19-5
C-14 AS-31-5 X
C-15 AS-54-8 X
c-té HE-X-5 X X1 X
c-17 18-X-5 % X X X
C-14 &T-23-5 X1 X[ X X
. G-19 X K| X
labitation moedule X X X Eat, sleep, comman:l
EE Subpystemy madule X X XX XXX Syutoms, hygienc
.<"|-| Loglstics medale X X)X XXX Consumables
0
'Gia' Payload modutefpallet  |X X X X
Docking adaptor X N
®Space Shutlle Payload Description Activity
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Table A-5

SAFETY FEATURES TO BE INCORPORATED IN DETAILED
PRELIMINARY DESIGN

Redundancy

Isolation

B

EE 1

LT

L

X

Divide into pressur.zed compartments,

Communications with EVA crewman.

Control of propulsion firing.

Fail operational anomaly signals to crew.

Redundant systems located apart.

Independent emergency thrustors for docking.

Redundant restraining system for docking
mechanisms

Multiple docking ports.

Emergency communications system
independent {rom normal intercom.

Emergency lighting in compartments
independent from prime power source.

Emergency oxygen masks and individual
oxygen supplies

EVA PLSS independent of EC/LS.

Warning system redundancy.

Hatch pressure seals

Manual override {or all automatic life
essential and mission-survival functions.

Emergency -

Warning systems/indicator,

Critical functions — fail operational.

Fire detection and suppression,

Rapid evacuation of personnel {rom payload
bay

Personnel escape routes

Provisions for damage contrel and repair,

Current protection devices,

Detection, location, repair meteoroid
damage.

Rapid repressurization of one module.

Atmosphere consistency monitor and control,

Water potability monitor and control.

Rescue provisions for EVA/IVA,

Incompatible materials.

Radioactive materials.

Flamable materials.

Control of loading or installation of
ordnance ccmponents, high-pressure
devices and hypergolics,

Separation of redundant hardware,

Safe disposal of expended hardware.

Single damaged pressurized compartment.

Biological cpecimens.

Specimen cages pressure, supply/

- discharge.

High-pressure vessels and volatile gas or
propellant tanks outside of crew spaces.
Toxic materials packaged and sealed.

X Isolate contaminated atmosphere from

KK

orbiter and from man retreat volume,
Isolate emergency situation.
Selective fan cutoff and air duct closure,
EVA isolated from:
Artificial g operations.
Docking.
Movement of logistics modules or payload
modules. ’
Attitude frate corrections.

Materials Selection

Minimum flammability and ocutgassing,
Nontoxic heat transport fluids in man
space,

(X} These safety items were evaluated at the conceptual level and included

in the MOST configurations.
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significantly from one concept to another, and to work within the prescribed
guidelines, safety was introduced into the evaluation of all configurations and
operations. This resulted in a recommended conceptual design that will func-
tion within (1) acceptable identified risks, and (2) excluded risks. The
successful end result is based on application of sa:fety criteria, requirements,

and previous experience.

To provide an appreciation of a typical experiment program and the number
of hazards that must be safety controlled, a hazard frequency summary is
shown in Table A-6. This includes the total of the hazard categories shown
in Table A-4, '

Table A-6
FREQUENCY OF HAZARD POTENTIAL

Payload
Groups Modules
Energy Source ‘ Hazard (19 Total) (Total)
High voltages - 14 3
Laser 9 -
Electro/ . High RF 9 1
electromagnetic
Radiztion source 1 -
High magnetic fields 1 -
Mechanical High pressures 15
Mechanisms 8 5
Pyros-ordnance 4 -
Bio-specimens 6 1
High temperature 6 -
Toxic gas 5 1
Chemical
LO; 1
Cryogens LNz 6
' LH; 6 -
LHe 2 -

A9
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Many of the payload groups were found to have high voltages and high-pressure
systems that can be managed as controlled hazards by locating the source
away [rom manned operations and employing proven leak-before-burst

bottles. In some cases, by activating the source when the other operations
cause minimum interference will create the least risk. In general, it can be
concluded that in any particular mission there will be a number of potential
hazards from the payload equipment which must and can be isolated and/or

safely controlled through early design analysis.

The thrust of these conceptual safety considerations is to provide guidance for
a more detzailed analysis during subsequent studies, including preliminary and

detailed design, detailed operational analysis, and detailed crew timelines,

The following set of first-tier configuration-level safety criteria are those
which were universally applied to each MOSC configuration:

e Subsystem failures — fail-operation — fail-safe with an emergency sub-
system available to permit normal rescue operations. This protects
the mission against a-single failure (fail operatiéma.l) And the crew
against a double failure (fail safe) and provides the crew with emer-
gency p}ovisiohs. The structural shell, secondary structure; and
hard fluid lines were accepted as an absolute requiremeﬁt. Detail
subsystem designs can in many cases provide a degree of inherent
redundancy (e.g., separating gas storage bottles into two banks with
independent redundant valving).

e Module isolation — in the event of failure at least one escape route will
be available from all modules to an isolatable pressurized module
containing emergency supplies for the crewmen during a normal
shuitle rescue operation,

e Docking ports — two docking ports will be available for use in normal
or emergency operations. The docking ports will be located on |

modules with emergency support subsystems. In the pallet opera-
tions mode, if the docking assembly was not operable, then (1) the
pallet(s) would have to be disengaged and either jettisoned or stowed
in the Shuttle Orbiter bay, or (2) the crew would have to transfer to
the Shuttle Orbiter by EVA.

*Current planning indicates a 160-hour shuttle turnaround under emergency
conditions.
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e Airlocks - two airlocks or equivalent will be available for use in
normal or emergency operations. They will be located in modules
containing emergency supplies,

e EVA equipment —pressure suits and personal rescue systems (PRS)
will be stored in each airlock in sufficient numbers to support EVA
from either of the two airlocks by the entire crew.

¢ Emergency supplies — gufficient supplies to support the crew during
rescue operations will be stored in modules with Shuttle docking
capability at each end of the MOSC. The supplies will be contained
in a pallet which can be moved to other modules. The pallet will
contain all consumables (i, e., water, food, GNz and GOz)., It will
contain a lithium hydroxide canister for CO; and humidity control.
The necessary control subsystems will be an integral part of the
pallet. Emergency electrical power and communications subsystems
will be independent of the pallet,

Although safety requirements ultimately must be imposed on all elements of
operational procedures and hardware design, the MOSC study concentrated
on the safety features associated with crew rescue, assuming a hazard or
catastrophe disables one of the modules, Figure A-1 shows the general
inboard profile of the MOSC 4-man Baseline vehicle relative to the crew
safety equipment and conceptual design features.

A1

i
i iR 1 e o



CR28
EVA/EMERGENCY A IRLOCK

o2 PRESSURE SUITS
DOCKING PORT NO.
HIGH-PRESSURE — »2 glésss ING PORT NO. 2
DOCKING GAS ¢
porTNO. 1 | M HTmL 9
: EVA EGRESS
! 74 PNED
4=~ PALLET)
| ! K )
\ ’
gﬁ%ﬂ [T !
|
vatves | LT J-U-LU 9 A
L LOGISTICS —. 1 - HABITARILITY |- .
e ISaIe SUBSYSTEM MODULE BITAR L PAYLOAD MODULE
| EMERGENCY ___ | EMERGENCY
AIRLOCK AIRLOCK
o2 PLSS 4 OR 96 HOURS-
© 2 PERSONAL RESCUE SYSTEM (PRS) N R e HOUR
o 1 EMERGENCY PALLET (4 MEN FOR 96 HOURS-
4 OXYGEN MASK.S)

Figure A-1. Baselina 4-Man MOSC Safety Equipment Summary/Locations
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Section A-1
SAFETY POLICY AND REQUIREMENTS
FOR PAYLOADS USING
THE NATIONAL SPACE TRANSPORTATION SYSTEM

Payload Safety Steering Group
NASA Headquarters, Code MQ
July 1974 (Revised October 1974)

NOTE: Only those portions directly applicable to the MOSC Study
are included for reference.
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PREFACE

The Space Transportation System (STS) consgists of the Space Shuttle, Spacelab
and Upper Stages {Space Tug and Interim Upper Stage}. This system will be
used to deliver, support and/or return payloads to and from low Earth orbit,

geosynchronous orbit and planetary missions.

It is a basic policy on the STS that before payloads can be accepted for flight,
it is necessary to perform the minimum but sufficient safety assessments to
demonstrate that the payload is safe to carry through all phases of the mission

{from pre-launch ground checkout through landing and payload removal).

The STS itself will contain basic safety capabilities inherent in its design. In
addition, it will have dedicated safety equipment to insure the safety of the
Orbiter and flight personnel. Examples of safety capabilities and equipments
are shown below but'users should review the appropri'late Accommodation
Document for complete listings.
a. Intact abort capability.
b. Caution and warning subsystem.
c. Command override provisions.
d, Vent provisions.
e. Transmittal of crew alerts from pground voice transmission,
f. Portable fire extinguishers,
g. Necessary controls to prevent collision with payloads during
rendezvous and docking/berthing operations.
h. Radiation measurement devices to measure dose rate and
cumulative dose to flight personnel.
i, A ground-supplied, dry nitrogen inerting purge of the Payload
Bay after Orbiter Payload Bay door closure to reduce the

oxygen content to a safe level until launch umbilical disconnect,

A-14
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j» Portable cxygen supply of 10-minute duration.

k. Standard interface for STS users.

1. Safe-haven feature of the Orbiter cabin,

m. Dump provision for liquid-propulsive upper stages.

n, Atmospheric contaminant detection sensors.

In general, all payloads will be carried in the 15 X 60 foot Orbiter Payload
Bay. Payload support equipment (PSE) may be installed either in the Orbiter
cabin or in the Payload Bay. Some unique payloads such as biomedical may,
by their nature, be carried in the Orbiter cabin. Wherever installed, PSE
and payload GSE, which is temporarily taken on board, are subject to the
same STS requirements regarding safety.

It is the responsibility of those involved in payload development to assure the
safety of the hardware which they propose to install in the STS., It shall be
the responsibility of the operators of the STS to review the pay.icads from the

safety standpoint and to assure that they impose no undue hazards to the total
flight systems.

Clearly it is advantageous in most instances to have early STS Safety personnel
participation in payload design. ‘This is available on a continuing basis through
the Safety organization located in each of the NASA centers. A handbook will
be developed describing basic hazard concerns in detail and to explain the
rationale behind the various requirements. This handbook will also include
optional guidelines for safe design, handling and operation. This information
should be particularly useful to those new to space flight. Checklists will also
be available to facilitate communications between STS user and the safety
organization. Appendix A lists a Glossary of Terms,

Questions concerning the intent of the provisions herein should be referred to
the Director, Reliability, Quality and Safety, Office of Manned Space Flight,
Washington, D, C, 20546,
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2.2 Hazard Classification Levels: A hazard whereby environment, personnel

error, design characteristics, procedural and o;ﬁerational deficiencies or
subsystem malfunction may result in loss of personnel capability or loss of
system shall be categorized as follows:
a. Uncontrolled
(1} Catastrophic — No time or means are available for corrective
action and the hazard may lead to loss of personnel; loss of major elements
of the STS or its cargo. or ground facilities or to injury of the public or ecology.
{2} Critical — May be counteracted by emergency action performed
in a timely manner but, if not counteracted, could lead to sericus injury of
personnel, the public and/or environment or major STS elements or its cargo
or griund facilities or other payloads.
b. Controlled — Has been counteracted by appropriate design, safety
devices, alarm/caution and warning devices or special automatic or manual

procedures.

2.3 Hazard Reduction Precedence Sequence: To.eliminate or control hazards,

the payload supplier shall use as a minimum the following sequence or com-
bination of items:

a. Design for Minimum Hazard — The major goal throughout the design

phase shall be to insure inherent safety through the selection of appropriate
design features. Damage control, containment and isolation of potential
hazards shall be included in design considerations.

b. Safety Devices — Hazards which cannot be eliminated through design

selection shall be reduced throﬁgh the use of safety devices as part of the

system, subsystem or equipment,

¢, Warning Devices — Where it is not possible to preclude the existence
or occurrence of a known hazard, devices shall be employed for the timely 7
detection of the condition and the generation of an adequate warning signal.
Warning signals and their application shall be designed to minimize the
probability of wrong signals or of improper personnel reaction to the svignal.

d. Special Procedures — Where it is not possible to reduce the magnitude

of an existing or potential hazard through design or the use of safety and warn-
ing devices, special procedures shall be developed to counter hazardous

conditions for enhancement of ground and flight crew safety.
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e. Residual Risks — Hazards which remain after application of the hazard

reduction precedence sequence are residual risks.

These shall be identified
and the rationale for acceptance avoided,

2.4 Hazard Control Evaluation Summary: A summary of corrective actions

taken to control/eliminate all identified hazards shall be performed and docu-

mented. Each final decision should be supported by-a rationale.

2,5 Safety Assessment Reviews: Safety reviews shall be conducted to assess

the compliance of each payload element to the above safety requirements.

These reviews will be accomplished progressively on individual experi-
ments or payload elements prior to acceptance by and shipment to an experi-
ment package integrator or spacecraft integrator and again on the integrated
packages or complete spacecraft prior to acceptance and shipment to the
launch area for integration with the transportation system. In each case, the
"'next assembly' level organization will be responsible for reviewing and
accepting the safety assessments for hardware (and its operation) for which
it is responsible. Each level of organization will present a Certificate of
Compliance of its equipment with the above safety re-;;uirements. This will

in turn be endorsed by the ""'next assembly' level organization and will culmin-

ate in a final safety review prior to flight, It is intended that the responsibility

for "presenting' the safety compliance moves up the ladder in the same way
that the '"next assembly'’ organization’'is moving up. These reviews will be

conducted as part of the overall milestone design and readiness reviews,

Appropriate documentation associated with the safety assessments at each
prior level will be made available to each "next assembly' level and for the
final safety review prior to flight, sufficiently in advance to allow adequate
review prior to the Safety Assessment Meeting. In cases where and software
are used for multiple flights, the assessments need only cover a delta which
would include any hardware or software changes and/or refurbishment effected
since a previous flight. (See paragraph 4.17.).
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2.6 Safety Compliance Data Package: At the time of a safety review the

payload supplier ghall submit a data package consisting of the following:
a, Hazard summary consisting of:
{1} Residual hazards and rationale for acceptance. (See
paragraph 2. 3e.)
{2) Hazard classification level, (See paragraph 2.2.)
{3) Hagzard control action with analysis/evaluation;
(See paragraphs 2.3 and 2. 4.)
(4) Source of hazard identification (e.g., stress analysis,
sneak circuit analysis, tests, etc.).
b, Waivers to safety requirements. (See paragraph 5.0.)

. A listing of identification and quantities of hazardous materials in
each payload including those which are toxic {under the conditions in which
they will be exposed to personnel), flammable and explosive, (See para-
graph 4.5,)

d. A listing of radioactive materials and equipment generating hazardous
radiation. .

e. Assessment of failures or accidents related to 'payload test, checkout
or operations that could have an impact on 5TS safety.

f. Data requirements per paragraph 4,17 for flights of reusable payloads
which are being reflown,

g. An overall certificate of compliance signed by the payload manager,"

h. Test result summaries showing successful completion of testing for
safety requirements to be verified by test,

i. Analysis summaries for those safety requirements verified by
analysis,. These analyses will be approved by the payload manager,

j+ Procedures covering those hazards to be controlled through
procedure,

k. Inspection certificates covering those safety requirements to be

verified by inspection.

3.0 ACCIDENT/INCIDENT/MISSION FAILURE INVESTIGATION AND
REPORTING. Accident/incident/mission failure investigation and reporting
for NASA equipment will be handled under the provisions of NPD 8621. 1A and
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NHB 1700, 1 (VI). Accidents/incidents/mission failures occurring after

delivery to NASA facilities, investigation and reporting will be in compliance
with NASA regulations.

4,0 DESIGN AND OPERATICNAL REQUIREMENTS, The following items

represent policy which is conducive to maximizing safety. These require-

ments do not specify design solutions in order to provide maximum flexibility
to the designer. They do represent STS safety requirements which shall be
followed throughout the program.

4.1 Protective devices or provisgions against payload-generated hazards
shall be provided for STS safety at all times while the payload is near to or
installed in any element of the STS, (In view of Shuttle's abort capability,
expendable payloads are subject to this requirement through Orbiter landing
and post-landing operations. )

4.2 A safe interface between the STS elements and payloads shall be main-
tained under nominal, contingency and emergency operations of either the
STS or its payload. The safety of the interface during attached and/or
detached operations shall be designed failsafe. At least two procedural oper-
ations shall be required for initiation of safety-critical functions. A hazard

shall not result from any single procedural error.

4.3 The capability shail be provided for redundant transmittal to the Orbiter
Caution and Warning System that payload data which is critical to the safety
of the STS or its flight personnel. The redundancy may ke accomplished via
hardwires and/or via the Orbiter PMF {Performance Monitoring Function),
and it includes redundant vensors. The parameters to be transmitted and
monitored will be mutually determined with the user. Appropriate controls

for safing the payload shall be provided,

4.4 Payload safety-critical data and control functions shall be capable of
being tested for proper functioning from the Orbiter and from the Spacelab

where applicable.
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4,5 All materials in the payload, PSE and interfacing GSE which may effect
STS safety shall confarm to the "intent" of NASA Level I Flammability and
Offgassing Requirements of NHB 8060, 1A (entitled " Flammability, Odor and
Offgassing R=quirements and Test Procedures for Materials and Environ-
ments that Support Combustion"). (Guidelines for meeting this "intent" are

under preparation and will be supplied as a supplement to this document. )

4.6 Safety-critical subsystems or components of payloads shall withstand
the STS environments and shall be designed for minimum hazards if improp-
erly empioyed/deployed or accidentally damaged.

4.7 Payloads requiring the presence of mar; in the Payload Bay shall not
preclude rapid evacuation of personnel from the Payload Bay in the event
of an emergency.

4.8 Hazardous materials, fluids and gases shall not be released or ejected
into the Payload Bay from payload. Venting, relief and release of material
from payloads shall be designed to use the Orbiter-provided vent system.
Control of the venting by the Orbiter for certain mission phases may be
required. Relief of inert gases under some conditicé‘ns may be permitted. A
capability shall be provided for dumping liquid propellants of propulsion
stages and relief of pressurants overhoard through the Orbiter dump and vent
systems. This shall be accomplished within the time constraints imposed by
abort and shall be applicable with the payload doors open or closed.

4.9 Redundant equipments shall be separated to prevent hazard propagation.

4. 10. The payload shall be designed or protection provided to preclude .
hazards to the flight personnel under crash-landing loads.

4,11 Where hazards can occur due to the presence or contact of mutually
incompatible materials, components at electrical potential or of chemically-
incormpatible suhstances, such components or substances shall be separated
to the maximum practical extent.
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4,12 The Standard Manned Space Flight Initiator, which meets reliability
and safety requirements for the Space Shuttle or any initiator meeting the
requirements of JSC 08060, "Space Shuttle System Pyrotechnic Specifica-
tion, ' shall be used,

4.13 Payloads that contain radioactive materials or that contain equipment .
that generates ionizing radiation shall be identified ahd approval must be
obtained for their use. The initial description shall state source type,
strength/quantity, containment/shielding, and chemical/physical form.
Review will be implemented through the NASA center responsible for develop-
ment of the payload. In the event that a NASA center is not involved in the
development, review will he implemented by the Safety Office of the STS
operations organization. Major radicactive sources require approval by the
Interagency Aerospace Nuclear Safety Review Panel through the NASA coor-
dinator for the panel. DOD payloads involving radioactive materials will be
processed through their coordinator on the review panel,

~ 4.14 Flammable, odor-producing, outgassing and/or corrosive materials

which may come in contact with the Orbiter cabin atmosphere shall be con-
sistent with the Orbiter project requirements as defined in the Shuttle Pay-
load Accommodation Document.

4.15 Pressure vessels shall be in accordance with NASA Aerospace Pres-
sure Vessel Safety Standard NSS HP 1740, 1 or in accordance with ASME

Boiler and Pressure Vessel Code, Section VIII, Divisions 1 and 2,

4.16 Prior to installation of any payload equipment into the Orbiter, the
equipment shall have been satisfactorily verified for the expected operational

regimes. Analysis and/or test are two technigues for such verification.

4,17 Payloads which have flown on previous flights shall be verified for:
(a) correction of any safety deficiency encountered on previous missions,
{b) safety impact of any changes made to the hardware or operation proce-
dures, {c) any maintenance and/or refurbishment affecting safety and (d)
appropriate design features for reuse or reflying.
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4. 18 Safety procedures shall be demonstrated to meet the requirements
herein and to have the desired cffect in controlling hazards,

4., 19 Payload design and operations shall not impose restrictions on normal
or contingent Space Shuttle operations (including intact abort and rescue
operations) in which the safety of the STS or flight personnel may be
affected.

4.20 Contingency safety planning (emergency or back-out procedures) for
ground or flight anomalies involving Shuttle payloads shall he developed.

4.21 Destruct systems shall not he used.

4.22 The mission will be terminated by ahort during launch or by early
mission termination a{ter reaching orhit if a situation arises whereby a
subsequent Space Shuttle or payload failure could result in personnel injury/
death or damage to the STS. '

4.23 All safety-critical command and control circuitry associated with
engine firing, primary propulsion systems or auxiliary propulsion systems
shall be designed to accept two failures without causing a hazard to the Space
Shutile system.

4.24 Payloads within the habitable environment shall not exceed Orbiter toxic
contaminant levels, If an all up, complete assembly test is not performed, it
shall be neressary for the payload user to establish that there are no toxo-
logical hazards. This may he done by analysis of materials, operational
environment or offgassing tests. The toxological hazard assessment must

he approved by the NASA Safety organization in the NASA group responsible
for payload development. If there is none, then hy the Safety Office of the

STS operations organization.

5.0 WAIVERS AND DEVIATIONS. If a requirement cannot be fulfilled, a

waiver is required identifying the requirements which cannot he met, the

reasons why they cannot he met and the impact on safety which would result
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from not meeting the requirement and the method/process for controlling

the hazard. Waivers shall be submitted by the payload supplier and approved .

by the ''next assembly' organization. Waivers are to be kept visible at the
various payload assessment levels and shall receive approval of the final
payload acceptance authority.
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GLOSSARY OF TERMS

Accident/Incident — An unplanned event which results in personnel

fatality or injury, damage to or loss of 8TS, envirdnfnent, public property
or private property or could result in an unsafe situation or operational mode,
An accident refers to a major event whereas an incident is a minor event or

episode that could lead to an accident,

Catastrophic Hazards — Those hazards that could cause loss of personnel

or vehicle,

Caution — Notification of an impending unsafe condition, Corrective

measures are required immediately.

Certificate of Compliance — A formal documented buy-off of the safety

agssessment effort.

Critical Functions — Functions required for personnel and vehicle safety.

Critical Hazards — Those hazards that may result from a hardware

failure that could cause the return of one or more personnel to Earth, or
could cause the loss of functions essential to continuing space operations

and scientific investigations,

Emergency Level — A level of performance sufficient only for persoﬁnel

survival,

EVA — Activities carried out by a suited crewman in a space environ.

ment and outside of the spacecraft.

Failsafe — The ability to sustain a failure without causing an accident/

incident.
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Flight Crew — Any personnel onboard the Space Shuttle engaged in flying

the Space Shuttle and/or managing resources on bbard {e. g., Commander,
Pilot, Mission Specialist).

Flight Personnel — All personnel carried on the Space Shuttle vehicle.

Free-flying Automated Spacecraft — A payload which is deployed and
separated from the Orbiter.

Habitable Module -~ Any module in which a man may enter and perform
activities in a shirt-sleeve environment.

Hazard Analysis — The determination of potential sources of danger and

recornmended resolutions in 2 timely manner for those conditions found in
either the hardware/software systems, the man-machine relationship or
man-environment relationship or combinations thereof which could cause

loss of personal capability, damage to or loss of system or loss of life or
~injury to the public or to the environment.

Intact Abort — An abort of the mission wherein the crew, payload and the
vehicle are returned to the launch site.

Interface — Any contact between two or more independently developed

elements of the flight or ground systems including hardware, electrical
connection, EMI, thermal radiation, man, etc.

IUS — An Interim Upper Stage to be available at Shuttle IOC, Same as
"Tug" but with lesser capability (viz., payload deployment capability only).

Multiple Payloads — More than one separate payload carried in the
Payload Bay.

Nominal Level — The level of performance or operations for which the
system was designed.
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Payload — Any equipment or material carried by the Space Shuttle in the
Payload Bay or cabin that is not considered part of the basic Space Trans-

portation System. It, therefore, includes items such as Free-flying Automated

Spacecraft, individual experiments, PSE, ete.

Payload Safety-critical Data — That payload-originated data which is

necessary for the safe, well-being of the STS.

PSE (Payload Support Equipment) — The flight equipment needed to

support the payload such as caution and warning, data recording, controlled

functions, instrumentation, ete.

Reduced Level — A level of performance lower than that for which the

system or operation was designed, but still adequate for personnel safety.

Residual Hazards — Hazards which cannot be eliminated or controlled by

automatic or manual backup operations and/or safety-monitoring provisions

or other equipment.

Safety — Freedom from c¢hance of injury or loss, of personnel, equipment

or property.

Safety-critical Hardware — That equipment which may affect the safety

of the Space Shuttle flight personnel, the Space Shuttle flight personnel, the
Space Shuttle system, the Orbiter, payload, the general public and public/

private property.

Space Shuttle — Those elements of the Space Transportation System con-

sisting of the Orbiter, the external tank and the solid rocket boosters.

Space Transportation System (STS) — The Space Shuttle vehicle including

the Orbiter, the sclid rocket booster, the external tank, flight personnel and

“carriers" such as IUS, Tug and Spacelab.
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Toxic Constituents — Those constituents that may be deletericus to the
health or well-being of onboard personnel, or may degrade crew performance
s0 as to affect mission performance, or may interfere with physiological
functions in such a manner as to bias results of medical experiments,

Tug — An unmanned, high-energy, propulsive stage used to extend the
operating regime of the Space Shuttle from low Earth.orbit to geosynchronous
orbit and beyond. It may consist of one or more individual stages and is

carried into low Earth orhit by the Space Shuttle.

Warning — An indication that the safe limit has been exceeded and
emergency procedures are to be initiated. '

GOALS

No single malfunction shall result in logs of personnel or vehicle,

Catastrophic
and critical hazards shall be eliminated or controlled.
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Section A-2
MOSC
DESIGN AND OPERATIONS SAFETY CRITERIA
AND REQUIREMENTS

December 13, 1974
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MOSC DESIGN AND OPERATIONS SAFETY
CRITERIA AND REQUIREMENTS

1.0 GUIDELINE AND CONSTRAINTS SAFETY REQUIREMENTS

The following guidelines and constraints safety requirements apply:

A,

H.

Safety is a mandatory consideration through the total program. The
goals and requirements identified in Section A. 1 will be imposed as
applicabhle,

Crew responsibilities will include safely, damage control, correc-
tive action, and escape.

All components associated with enabling the crew to recognize,
isolate, and correct critical system malfunctions for a given vehicle
must be located onboard and be functionally independent of ground
supportl and external interfaces,

Program hardware will he designed, and prelaunch and launch
operations will be developed so as to require minimum access to the
space vchicle while on the launch pad. Checkout personnel will
egress prior to propellant loading.

Personnel escape routes will be considered in all situations of high
hazard potential,

The loading or installation of vrdnance components, high pressure
devices, and hypergolics into the MOSC, and other associated activi-
ties that pose a safety hazard to ground personnel will be analyzed.
Installation of hypergolics and ordnance-initiator devices in the
vertical assembly building (VAB) is not permiited. Installation of
other ordnance should be planned as late in the VAB processing flow
as possible.

Ground access through docking ports will be provided for servicing,
troubleshooting, and component replacement in, and escape from,
all areas of the MOSC. Docking ports will he closed and sealed prior
to transport of flight hardware to the launch pad. However, contin-
gency access through these ports will be available on the pad.
Provisions for emergency returns from the MOSC will be provided
by the Space Shuttle Transportation System (STS). This capability
will he provided subject to availability of STS.
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I.  All materials selected for use in pressurizable areas of the MOSC

| will be nontoxic, nonflammable, and nonexplosive to the maximum
extent possible over the entire range of possible atmospheric
conditions. )

J. Radiation protection for crew members will provide at least a
99 percent probability (at no less than a 90 percent confidence level)

that radiation dose during extended occupancy will not exceed the

following:
LIMIT DOSE (rem)*
Career/ Cne Yr. Avg.

Organ 20 Years Annual Quarter Month Daily Rate
Skin 1200 225 105 75 0.6

Evye 600 112 52 37 , 0.3
Testes 200 38 18 13 0.1
Marrow 400 75 35 25 0.2

Limiting doses applicable to occupancy periods of less than 2 years
may be twice the annual limits above, provided no exposure is
received during the remainder of the 2 year period and that the
quarterly and monthly limits are not exceeded. For example, 75 rem
may be received by the marrow during a 6 month mission provided
no further exposure occurs during the ensuing 18 months.

K. Systems design and operational planning will provide for the safe

disposal of obsolete and expended program element hardware (e. g.,

spend launch vehicle stages, experiment modules, nuclear power
sources, laboratory or operational hardware).

1. The atmosphere within the MOSC pressurized modules will be con-
served whenever practical when a planned depressurization occurs
(e.g., airlocks, hangars, etc.). Gases dumped overboard will
utilize nonpropulsive discharge systems.

M, Carbon dioxide tensions (partial pressure) on the MOSC will be

maintained below 3.0 mm Hg in all habitable areas.

#Per instructions to ERNO for Spacelab.
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MOSC structure, design and arrangement will provide access for
damage control and repair,

All systems thal incorporate automated fail/operational capability
will be designed to provide crew notification and data management
system cognizance of component malfunction until the anomaly has
been corrected.

Redundant paths, such as fluid lines, electrical wiring, connectors,
and explosive trains, shall be located to ensure that an event that
damages one line is not likely to damage the other.
Microbiologically and bacteriologically contaminated waste material
will be disinfected as cluse as possible to its source prior to storage,
processing, or disposal. The concentration of bacteria in the
atmosphere within each of the pressurized compartments contavniag
crew quarters, process laboratories or experimental facilities will
be monitored and controllied.

The commander's compartment should be located in the same pres-
sure compariment as the primary command and control center.

It is desirable that the MOSC he divided into pressurized compart-
ments, as required, that any single compartment can he isolated

in case it is damaged or renderecd untenable. The remaining com-
partments will be equipped and provisionced so that the crew, in
safety, can continue a degraded mission in the remaining compart-
ment; take corrective action to restore the untenable compartment;
or return to Earth,

The MOSC structure will be designed in accordance with conservative
design factors {e.g., a factor of two times design loads on primary
structure).

The MOSC structural design will provide for a prohability of 0.9 for
no meteoroid penetration of crew or systems compartments for the
planned life of the facility. (NOTE: This probability will be

refined as a funciion of detail design.)

The MOSC will use ground power until the final portion of countdown
and will provide the capability for switchover to internal power with-

out degradation of vehicle performance or compromising safety.

A-32



AA,

AB.

AC,

AD,

AE.

AT,

AG.

AH.

AI‘
Al.

The electrical system will provide circuit protection devices for all
MOSC distribution wiring, where necessary.

The capability will be provided for monitoring the MOSC when
unmanned to confirm the existence of a habitable environment and
the functional capabilities of critical life-sustaining subsystems
prior to committing to the launch of a crew.

A capability for redundant communications with EVA crewmen will
be provided.

Consideration will be given for detecting, locating and repairing
meteroid damage.

The MOSC structures and subsystems will be designed for an oxygen/
nitrogen mixture at a normal operating pressure of 14. 7 psia.

The MOSC life support and environment control subsystems will be
designed to remove carbon dioxide (COZ} from the atmosphere.
Atmospheric stores and subsystem production capability sufficient
for rapid repressurization of at least one pressurized module will
be maintained on the MOSC at all times.

The atmosphere constituents, including harmful airborne trace con-
taminants, will be monitored and controlled in each pressurized
compartment of the MOSC, Provisions for odor control within each
pressurized compartment of the MOSC will be provided.

Prior to use on the MOSC, the potability of resupply water must be
verified. The potability of water used by crewmen will be monitored
and controlled.

Heat transport fluids located within pressurized crew compartments
should be nontoxic and nonflammable at ambient atmosphere pres-
sure and composition.

Emergency rescue provisions for crewmen performing EVA and
IVA events will be provided,

Use of one-gas (oxygen) pressure suits may require preconditioning
of the crewmen. Facilities for prebreathing 100-percent oxygen will
be provided should EVA activities dictate this procedure to preclude
dysbarism.

Crewmen will use portable life support to perform EVA.

Automated critical DMS control functions will have a manual or

self-check override/interrupt capability, or both.
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1.1 Guidelines and Constraints Document

The following material concerning safety is quoted directly from Guidelines
and Constraints Document, Appendix "A'" of the MOSC Statement of Work.
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""Capabhility shall be provided for performing critical functions at a
nominal level with any single component failed, or with any portion of a

subsystem inactive for maintenance.

"Capability shall he provided for performing critical functions at a
reduced level with any credible combination of two component failures,
or with any credible combination of a portion of a subsystem inactive

for maintenance and failure of a component in the remaining system.

'"Capability shall he provided for performing critical functions at an

emergency level until the affected function can be restored or the crew
returned to earth—A. With any one compariment inactivated, isolated
and vacated due to an accident, or B. As a result of an accident and a

portion of a redundant or backup system inoperative.

""For those malfunctions and/or hazards which may result in time-
critical emergencies, provision shall be made for the automatic switch-

ing to a safe mode or operation and for caution antd warning of personnel.

""The chemical composition of the environmental atmosphere shall he
continuously monitored for any buildup of toxic and/or noxious gases, as
well as provide early fire hazard warning by detection of fire precursors

or materials decomposition products.

"An integrated and comprehensive fire detection system shall be pro-
vided in order to detect incipient fires in components, behind panels,
and in wire bundles or cabling assemblies., Flame monitoring devices

also shall be considered.

"The fire suppression system shall be capable of extinguishing any fire
in the most severe oxidizing eavironment prior to failure of primary
pressure structural materials, hoth automatic general area extinguishing

systems and manual portable,
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"All materials shall be noncombustible or self extinguishing before half
of the sample is consumed when exposed to an open flame in the most

severe oxidizing environment to which they will be exposed.

"In those instances where functional requirements preclude meetings
these flammability requirements, such materials shall be isolated from
the environment by fireproof storage compartments or barrier materials

which meet these requirements.

""Materials shall not offgas or evolve either toxic or noxious products
which may either present a personnel hazard or impairment of its

primary function over the anticipated mission duration. "

2.0 GROUND OPERATIONS SAFETY REQUIREMENTS
The following safety requirements for ground opcrations will apply:

A. Any equipment carried onboard during ground operations (flight
hardwars, loose experiment equipment, flight spares, cargo
packages, GSE, etc) will fit within an envelope (undetermined in
detail since it depends on specific MOSC and Ground Support Equip-
ment design) that will allow passage through access ports without
requiring removal of GSE cables, ducts, and access equipment
also passing through the ports.

B. MOSC internal lighting for general illumination will be capable of
being powered and turned on independently of MOSC subsystems by
Ground Support Equipment prior to entry of ground crew personnel.

C. MOSC fans and other interior atmosphere circulating equipment
be capable of continuous operation in a 1-g environment and be
provided with a guard to prevent accidental contact from personnel.

D. The MOSC will not require men on board to accomplish pad check-
out, monitoring, or other countdown activities.

E. The MOSC design will not require installation of flight hardware,
other than ordnance initiators, on the pad.

F. All prelaunch and launch operations will be controlled by detailed

procedures (manual, automatic or both).
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Internal access to the MOSC will be controlled and limited.
MOSC design and operation will comply with the safety requirements
of the launch site and range.

3.0 DOCKING SAFETY REQUIREMENTS

The following requirements for docking will apply:

A,

All elements that dock to MOSC will have completely independent
emergency thrustors with a separate propellant supply.

The capability will exist for activating emergency thrustors up to
point-of-contact with MOSC in event of primary thrustor malfunction.
The predominant terminal docking method will be automatic; however,
manual override capability will be pro.ided.

Direct vision will be provided during docking. A view window will
be provided in cach docking port,

Redundancy or a backup restraining system will be provided as part
of the docking mechanism.

Multiple docking ports will be provided.

All docking mechanisms will be the same design, i.e., all docking
clements can dock at any port.

Shirtsleeve inspection, maintenance and repair of the docking
mechanism will be provided,

Shirtsleeve transfer without removing the docking mechanism will
be provided.

At least one docking port will be located on each normally inhabited
compartment.

Each docking port will provide the capability for transferring crew
and manually moving cargo.

Adequate lighting (including backup or emergency) will he provided

to perform all expected docking operations.

4.0 COMMAND, CONTROL, AND EMERGENCY ACTION SAFETY
REQUIREMENTS

A.

The following safely requirements for command, conirol and ecmergency

action will apply:

Time dependency will be eliminated as a factor of emergency action

insofar as it is reasonable and practical to do so.
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The initiation of emergency action and control of such action will be

possible from the communication and con rol center. Local control

will he available where necessary. Emergency action will be possible
by more than one crew member,

An emergency communication system, independent from the normal
intercom, will be provided to direct and control operational action

during an emergency.

Manual override will be provided for all automatic life-essential and
missgion-survival furctions.

Emergency lighting will be provided in all compartments independent
of the prime power system.

Provision will be made so that an emergency situation can be
isolated, contained, and controlled as far as practical.

Emergency oxygen masks will be provided in all compartments.
These masks will have individual oxygen supplies as well as an
umbilical that can be piugged into a central breathing oxygen

distribution system.

Provisions will be made for selective fan cutoff and air duct closure.

5.0 AIRLOCK SAFETY REQUIREMENTS

The following safety requirements for airlock will apply:

A,

Airlocks will be large enough to accommodate two men at the same
time in pressure suits to enable both crewmen to ingress and egress
rapidly in an emergency.

Airlock doors will allow rapid ingress and egress, will be operable
from each side, and have a ﬁositive closure indication visible from
each side.

Airlock mechanisms will be inoperable if pressure on each side are
not equalized; however, manual override capability will exist within
specified tolerances.

Compartment pressures will be indicated on each side of an airlock.

Windows and lights will be provided to allow complete observer
coverage of airlock interior conditions.
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Emergency control of pressuriza‘ion and depressurization will he
provided inside the airlock and outside.

Pressure relief valves or other safeguards will be provided to
protect the chamber from structural damage in the event of over-
pressurization.

Communications will be provided hetween men inside the airlock
and MOSC and with EV crewmen.

Atmosphere/oxygen connections will be provided in cach airlock for
the maximum number of crew members planned to occupy the air-
lock at one time.

Airlock will be provided between separalely pressurized compart-
ments.

More than one airlock leading to the c¢xterior of the MOSC will be

provided.

EVA/IVA SAFETY REQUIREMENTS
following requirements for EVA/IVA safety will apply:

A,

Bl

a

Umbilical connectors for IVA suits will be located in every pres-
surizable compartment,.

A pressure suit will be available for each crewiman and in a readily
accessible area.

Radiation detectors will be worn when performing EVA,
Emergency lighting will be provided to assist in rescue operations
if EVA is required during the dark part of an orbit.

Continuous communications will be maintained by MOSC crewmen
with EVA/IVA crewmen.

The MOSC will continuously monitor PLSS integrity (all critical
life support functions) and physiologically vital functions.
Artificial-g operations will not be conducted during EVA.

Normal docking and movement of logistics cannisters and experi-
ment modules will not be performed during EVA.

Attitude/rate corrections will not he performed during EVA.

The EVA pressure suit will be spacce-hardened for radiation and

micro-meteoroids,
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Handholds and guard rails will be provided to assist in scheduled
EVA activities.

The EVA suit loop (PLSS) will not depend on the Space Station EC/LS.
Facilities for prebreathing oxygen (denitrogenation) will be readily
available for all crewmen.

Unassisted EV ingress to the MOSC will be possible,

The EV and IV environment will be free of rough edges, projections
and sharp edges that could snag a spacesuit.

Adequate protection will be provided for crew members performing
IVA or EVA in proximity of a radioactive power supply.

Agsistance will be provided to EVA crewmen under any of the

following conditions.

l. At the request of the EVA crewman.

2. When the crewman will not reenter the MQOSC within a reasonable

period after command.

When communication contact is lost and visual contact does not
confirm acceptable status.

4,
5.

When an out-of-limit physiological condition is indicated.

When RF-monitored data and communications are list.

No EV tasks for planned maintenance or work purposes will require
the crewman to enter an area within which he cannot rotate freely
in a fully extended position.

EVA will be capable of surveillance, visual, or TV, from the MOSC
at all times.

Redundant communication capability with EVA crewmen will be
provided.

Ready access to eq ipment requiring maintenance by EV or IV
activity will be provided.

7.0 INITIAL MANNING OPERATIONS SAFETY REQUIREMENTS
The following safety requirements for initial manning will apply:
A, Advance inspection of the MOSC will be performed by the minimum

number of the initial crew (but not less than 2 crewmen).
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The advance inspection crewmen will be in pressure suits and PLSS
when initially boarding the MOSC,

A visual and photographic fly-aronznd inspection will be performed
by the Shuttle before initial docking to an unmanned MOSC.

The status of MOSC life-critical functions {atmosphere pressure,
content, humidity, temperature, communications, power, guidance,
and control, radiation levels, etc.) will be verified by Mission
Ground Support and by visual display at the initial manning hatch
before transferring the advance inspection crew.

The remaining crew will be physically isolated from the MOSC until
the advance inspection crewmen verify that the MOSC is safe to
receive the rest of the crew,

After transferring the initial crew and separation from the MOSC,
the Shuttle will remain in the vicinity of the MOSC for 3 days.

8.0 HATCH SAFETY REQUIREMENTS

The following safety requirements for hatches will apply:

A,

B o

=

Docking hatches will provide a clear opening at least 5 ft. in
diameter.

Hatches and doors between pressurized compartments will be fitted
with latch and seal mechanisms operable from both sides.

Hatches will be provided with a mechanical alignment closing sys-
tem, i.e., hinges or guides.

A view window will be incorporated in each hatch.

A prssure-equalizing valve will be provided at each hatch,
Instrumentation showing atmospheric condition on the opposite side
of the hatch will he provided on both sides of each hatch.

Pressure seals will be replaceable on orbit.

Pressure seals will be redundant.

Hatches between compartments will be sized to accommodate an
IVA-suited crewman.

A means of verifying positive hatch closure will be provided,

All docking port hatches will be maintainable (removable) from
inside the MOSC.
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9.0 MICROBIOLOGICAL SAFETY REQUIREMENTS
The following microbiological safety requirements will apply to a dedicated
module/lab:
A, General

1. Only authorized personnel will be permitted in the laboratory.

2. No food or beverages will be allowed in the laboratory.

3. Books, journals, and personal items will not be taken into or
out of laboratory except under specified controlled conditions,

4, Protective clothing will be worn in the laboratory.

5. A shower with germicidal soap prior to ingress and egress of
the laboratory will be required.

A separate EC/LS for laboratory specimens will be provided.
The laboratory will be maintained at slightly lower pressure
than the MOSC.

8., Provisions for emergency seal off of the laboratory will be
made.

B. Disinfection and Sterilization

9. Infectious material will be immediately sterilized in an autoclave
before disposal.

10, Floors and walls will be disinfected at least once a week and
benches will be disinfected after each use where infectious
substances are used.

C. Laboratory Equipment

11, All containers will be marked to indicate normal or inoculated
animals, insects and viruses.

12, Ventilated safety cabinets will be used for opening containers

with infectious substances,

13, Centrifuges will be enclosed in safety cabinets when centrifuging
infectious substances,

14, Pipetting toxic/infectious materials by mouth will not be
permitted,

15. Use of only Luer-Lox type syringes will be permitted.

16. Animal sites will be disinfected before and after injection,

17. Working alone on hazardous operation will not be permitted.

18. Protective gloves will be worn when handling or inoculating

specimens.
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19. Necropsy of infected animals will be performed in a ventilated

safety cabinet or in an enclosed sterile bench area.

10.0 SENSOR, ALARM, AND WARNING SYSTEM SAFETY REQUIREMENTS

The following safety requirements will apply to sensors, alarm, and warning

systems:

A.

Systems and functions essential for safety will be monitored to
provide detection and location of failures.

Warning indications will be activated for functions presenting an
immediate threat to life.

Elements of the caution and warning system associated with warning
functions will be completely separate from other onboard checkout
equipment and sensors,

Warning indicators will be generated both visually and audibly.
Warning indicators will override all other communication traffic,
The capability of displaying more than one warning signal at the same
time will be provided, i.e.., one warning signal cannot block out
receipt and display of other warning signals.

Complete circuit redundancy (sensors, wiring, switches, light, ectc.)
will be provided for warning signals. The capability will be provided
for immediately detecting a warning circuit failure.

Warning signals will be provided in all inhibited areas of the MOSC.
Sensors and warning signals will be provided for select out-of-
tolerance conditions {(see Item A.13-G). In addition to measurement

of absolute values, changes at an excessive rate will also be indicated.

11,0 EXPERIMENT SAFETY REQUIREMENTS

The following safety requirements for experiments will apply:

A.

Structural

1. All doors and hatches in the experiments areas will be fitted with
release mechanisms operable from both sides.

2, Pressure hatch design will provide a means of visual verification
that the hatch has heen properly closed.

3. The module will use structural matrix with the capability of

arresting crack and tear growth.
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Hazards due to micrometeoroid penetration or module collision
will be minimized by module wall design. Quick repair methods
will be provided,

Suitable crew and equipment restraints will be furnished to allow
crewmen to exert necessary forces to perform routine or main-

tenance work without personnel injury or equipment damage.

Propulsion

1,

High-pressure vessels and volatile gas or propellant tanks will
be located outside of, and as remote as possible from, crew-
operating areas.

Interlock, automatic valves, or other means of isolation will be
provided for liquid and gas systems so that a maintenance effort
cannot inadvertently result in liquid or gas leaks or spills.
Where a propellant system can become contaminated, a means
of contamination detection and crew alerting will be considered.
The commencement, behavior, and completion of all remote
hazardous resupply operation (e.g., pressurized propellants or
gas flow) will be positively monitored and statused at the appro-
priate spacecraft station,

FElectrical

1.

Any electrical equipment maintained by the crewmen and ha;ring
a high-voltage hazard will be designed to be electrically isolated
by interlocking switches or the equivalent before physical access
to exposed connections and compartments is possible.
Connectors will be designed to preclude the possibility of
mismating.

Mechanical shielding will be provided to protect electrical equip-
ment, including wire bundles, from external physical damage.
Wire bundles will not be routed near potential heat sources,

Wires in a given bundle will be capable of carrying the design

load of any other wire in that bundle without insulation breakdown.

Electrical insulation will be self-extinguishing in the module

environment,

Atmospheric Control

1.

While docked to the MOSC, the environmental state and habit-

ability condition of inhabitable module compartments will be
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displayed at the control station and visually determinable outside
each point of entry. Appropriate indications of conditions in
adjacent compartments will be displayed near the doors or hatches.
Sensors, compatible with those to be provided throughout the
MOSC, are required in the experiment modules to detect and
give warning of out-of-tolerance environmental gas components,
Readily available, individual, emergency, life-support equip-
ment for the maximum crew members planned to occupy the
experiment module at one time will be provided in that
compartment,

A visual and aural alarm will be provided to warn of atmosphere
contamination that exceeds specified limits.

The environmental control system for the animal experiment
containment area will be designed to assure that no bacteria,
odor. or physical contaminates (e.g.. animal hair, food
particles. waste products) can be introduced into the MOSC

atmosphere.

Communication

1.

The module will include crew communications systems compat-
ible with MOSC systems for use during the docked and crew

inhibited mission modes,

General

1,

2.

The module will be designed so that no single failure. other than
primary structure. will cause a fatality to personnel.

The requirement for manual checkout of the experiment module
during prelaunch test operations will be minimized.

Sensors will be installed in sensitive or danger areas to provide
fire warnings., Fire suppressant techniques, such as fire
extinguisher or automatic isolation and decompression of
module compartments, will be considered.

Emergency lighting will be provided in all compartments inde-
pendent of the prime power systems.

Safety-critical systems will be constantly monitored.

Module compartment walls will be accessible for inspection and
repair. Sensors capable of sensing and locating micrometeoroid

penetrations will be provided,
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12,

13.

14,
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Intravehicular and extravehicular equipment will be designed to
allow the astronaut ready access to items to be serviced or
maintained.

Intravehicular and extravehicular environment will be free of
rough edges, projections, or sharp corners that could snag a
space suit or cause physical injury.

No extravehicular tasks for maintenance purposes will require
the astronaut to enter an area or enclosed volume within which
he cannot rotate freely in a fully extended position.

All overboard relief of dump valves will fail-safe in the closed
position and will be self-indicating when failed,

Fluids required for the operation of subsystems and experi-
ments located in pressurized compartments inhabited by the
crew will be nontoxic and nonflammable.

Equipment and methods may be required to disinfect areas of
the MOSC when medical opinion determines that there is a need
to counteract a pathogenic threat to the crew.

The design of the animal experiment containment area, will
assure that there is no unremedial befouling of the crewmen or
contamination of the MOSC as a result of the crew interface in
animal care, feeding, and experimental activity.

It is assumed to be a mission operational ground rule that no

- personnel will be inside an experiment module with the module

or MOSC docking hatch closed.

Hazard Detection and Warning Subsystem

1.

The hazard detection and warning subsystem will be designed to
detect out-of-tolerance conditions for the following:

a. Partial pressure (percent of OZ’ NZ’ COZ)

b. Total pressure.

c. Temperature.

d. Fire.

e. Critical component (explosive, flammable, toxic).

f. Relative humidity.
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CO, sensors, will be distributed to ensure that pockets of
high-concentration CO2 not within prescribed limits for crew
safety are detected. An alarm will be provided both in attached
experiment modules and at the MOSC control station for all
partial pressure senscrs.

Total pressure sensors will monitor and detect out-of-tolerance
values of total module pressure. Detection of pressure changes
at an excessive rate will activate an alarm system in the module
and at the MOSC control station.

Heat sensors located in the experiment module will give warning
of incipient fire or out-of-tolerance condition for shirtsleeve
entry.

Fire detectors will be designed to interface with the MOSC sub-
systems to warn of fire throughout the MOSC and to provide
precise {ire location to the control station.

An aural/visual subsystem will continuously monitor the
environmental status for any hazardous materials used in con-
junction with module experiments. This includes substances
with explosive, flainmable. or toxic characteristics.

A sensor will be provided to give visual indication at the control
station when the atmospheric relative humidity in the experiment

module is not within prescribed limits.

12,0 SHUTTLE SAFETY REQUIREMENTS

(See Shuttle Documentation)

13.0 CONFIGURATION, EQUIPMENT LOCATION SAFETY REQUIREMENTS

The following safety requirements for configuration, equipment location will

apply:
A,

Safety-critical equipment will be designed to allow emergency
operation by employing redundancy and/or separation of parallel
or similar functions, and the placing of such redundant or parallel
equipment in isolation compartments or locations.

Hazards caused by micrometeoroid or collision damage resulting

in penetration of the MOSC will be minimized by proper wall design.
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Pressure cell walls will be readily accessible for inspection and
repair.

Potentially explosive containers such as high-pressure vessels or
volatile gas storage containers will be placed outside of and as
remotely as possible from crew living and o'perating quarters, and
whenever possible isolated.

14.0 MATERIALS SAFETY REQUIREMENTS

The following safety requirements for materials will apply:

A,

If the use of toxic or dangerous (explosive, flammable, cryogenic)

materials cannot be avoided on the MOSC, positive controls and

safeguards will be provided such as:

1. Strict inventory and configuration control.

2. Subsystems in pressurized inhabited compartments use only
nontoxic, nonflammable, noncorrosive fluids.

3. Special packaging and sealed containers.

4. Isolation of materials from normal operations (controlled
access).

5. Use of test isolation facility for performance of experiments
requiring these materials.

6. Monitoring system to indicate environmental status of the
materials,

Materials used in the MOSC shall meet established NASA flamma-
bility criteria.

15.0 MAINTENANCE SAFETY REQUIREMENTS

The following safety requirements for maintenance will apply:

A,

Valves, or other means of isolation, will be provided for liquid

and gas systems so that a maintenance effort will not inadvertently
result in liquid or gas leaks to the cabin.

Suitable restraints will be furnished to allow the crew to exert
necessary forces in the zero-g environment with minimal risk of
injury. |
Electrical equipment which has a high-voltage hazard or which can
result in inadvertent operation of critical functions while being main~
tained by the crew will be designed to be electrically isolated by

interlocks or the equivalent before physical access will be possible,
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Appendix B
SPACE SHUTTLE PAYLOAD ACCOMMODATIONS
AND FLIGHT PERFORMANCE
As summarized in Table B-1, the Space Shuttle exercised a dominant
influence on many characteristics of the MOSC configuration. To provide a
ready reference for the reader, the following pertinent excerpts from the
JSC 07700 Space Shuttle System Payload Accommodations - Level II Definition

and Requirements Document (Volume XIV) are summarized in this Appendix.

B.1 (JSC 07700-12.0) PAYLOAD BAY

A 15-ft (4. 572-m)~diameter by 60~ft (18, 288~-m)-long payload envelnpe is
provided., This volume represents the maximum allowable payload dynamic
envelope, including its deflections. This envelope is penetrated by the
necessary payload structural attachments and umbilicals, which extend out-
side the envelope to the interface with the Orbiter, Clearance between the
payload envelope and the Orbiter structure is provided by the Orbiter to
prevent Orbiter defllection and deployment interference between the Orbiter

and the payload envelope.

B.2 (JSC=-07700-7.2/7.3) PAYLOCAD ATTACHMENT LOCATIONS IN
PAYLOAD BAY

Thirteen primary payload structural attachment points arc provided along the
payload bay as shown in Figure B-1. With the exception of the aft-most
position, Xo = 1, 303 in (33, 096 mm), each atlachment consists of three
attachment points, one on each longeron (Zo = 414 in (10, 515. 6 mm), Yo =

+ 94 in (2, 387. 6 mm) and one at the keel (Zo = 305 in (7, 747 mm), Yo = 0).
The aft attachment consists of attachment points on the longerons (Xo =

1, 303 in (33, 096 mm), Yo =t 94 in (2. 387. 6 mm). 7Zo = 409 in (10, 388. 6 mm),
but none at the keel. With the exception of the attachment positions at Orbiter
Stations Xo = 1, 187 in (30, 149. 8 mm) and Xo = 1, 246 in {31, 648. 4 mm)}, each
set of three attachment points defines a plane normal to the payload bay
centerline. At Station Xo = 1, 187 in (30, 149. 8 mm) the keel fitting is at
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‘Table B-1

SHUTTLE-ORBITER INTERFACE AND PERFORMANCE
CHARACTERISTICS VERSUS MOSC REQUIREMENTS

Space Shultle
Operation Elements

Space Shuttle
Characteristics

MOSC Study
Application

Primary

MOSC Spacecraft, Subsystem or
. Operational Effect

I.  Shuttle 1.1 Installation ciearance X 1.1 Controls the combined length of
Orbiter eavelope 15=-ft dia x 60-ft modules assembled for a single launch
Cargo Bay long, less 7,5 ft for dock~- and the arrangement and length of

ing module leaves 52.5 ft specific modules and pallels.

clear installation length,

(Rel. Docking Module,

Para 1.4} '

1.2 Payload installation 1.2 Preliminary hasis for spacecraft

structural support and mounting is equiva - «t to the Spacelab

mounting details mounting system hbay..d on structurally
determinant suppc %, Sufficient flex-
ibility existn in the mounting provisions
to meet the various module arrangements.

1.3 Centet of gravity X 1.3 Module and function relatinnships

envelope were arranged to meet the specified
criteria within a £20 percent tolerance
on weighta, Location of major com-
ponrcnts or consumables will ensure
proper location of center of gravity.

1.4 Docking module X Primary method for attaching a MOSC

anvelope and funcliou module in orhit, supporting initial
orbital checkout, crew transfer and
rescue,

2. Prelaunch 2,1 Horizontal access in 2.1 Same hasic access as Spacelab -
Operations aorbiter processing focil= through airlock and docking module,

ity = MOSC installed in

Orbiter cargo bay (Rel.

Para. 1.4)

2,2 Vertical access on (TBD)
launch pad

3.0 Launch and 3.1 Launch loade 3.1 MOSC is not limited by the 65k
Landing launch capahility
Loads

3,2 Landing loads X 3.2 MOSC core vehicle gross weights
including =15 days of consumables are
within t10 percent of the 32 klb for the
heavicst modular assembly. which
mecets the planned Shuttle Orbiter landing
load requirement, however, MOSC core
vehicle modules are not intended to be
returned in other than an emergency
situation.

4.0 Orbital 4,1 MOSC deployment X 4.1 Deployment from Shuttle Orhiter bay
Mission with the Remoto is with the Remote Manipulator System,
Operations Manipulator System which docks the MOSC to the Docking

Maodule,

4,2 Final subsystem 4,2 Docking interface on Docking

checkout and crew Module would provide checkout control
transfer and data transmission and allow IVA
crew transler.

4,3 Orbital rendevous X 4.3 - Shuttle docking dynamics were

and docking used in sizing MOSC propulsion
subsystem
- Shuttle RCS paylead contamin-
auvn potential identified during study

4.4 Shuttle performance X 4.4 Shuttle payload capability versus
altitude determined maximum oper=-
ational altitude

4,5 Single Remote X 4.5 Necessitates ntilization of

Manipulator Svstem Orbiter Docking Module {or most
orhital assembly/disassembly
operations
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I NINE EQUAL SPACES
{69 INCHES EACH} 1

13 (X & Z) LOAD RETENTION BEAM
ATTACH POINTS ON EACH

PAYLOAD ENVELOPE LONGERON

z =414
G =400

%WWTFW—‘:T—TJ \—z ,409

12 LATERAL LOAD RETENTION BEAM /

ATTACH POINTS AT LOWER CENTERLINE
Z,= 305 EXCEPT 1249

Figure B-1. Payload Primary Attachment Locations

Station Xo = 1, 181 in (29, 997.4 mm}; at Station Xo = 1. 246 in (3, 168. 4 mm},
the keel fitting is at Station Xo = 1, 249 in (31, 724. 6 mm). These longeron
attachment points have provisions for remote control latching fittings and

may be used by either deployable or nondeployable payloads,

The Orbiter provides the load-carrying capability for special vernier bridges
which accommodate holt-down payload fittings at a spacing of 11. 8 inches
(299,72 mm). Potential locations on t! ¢ Inngeron for bolt~down fittings are
shown in Figure B-2. This figure identities both the primary and vernier
attachment locations. The primary is identified with a double circle and the

vernier locations with a single circle. A co-planar keel-fitting is not pro-

vided at all locations.
Payload Baseline Attachment Concept — A four-point retention concept, as

shown in Figure B-3, provides a statically determinate mounting. The

attachment fittings along the longeron react loads in either the tX and tZ
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Figure B-2. Potential Locations for Non-Deployable Payload Primary Attachment Fittings
CR28

— PRIMARY FITTINGS;
REACT LONGITJDINAL
AND VERTICAL LOADS
(Fx & Fz)

f

¢

— LOWER ¢ AUXILIARY FITTING:
REACTS SIDE LOAD {Fy)

STABILIZING FITTING:
REACTS VERTICAL LOAD (Fz}

{OPTIONAL LOCATION, RIGHT OR LEFT LONGERON)
Figure B-3. Payluad Fetention System
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directions (primary) or the tZ directions (stabilizing). while the lower keel
fittings react loads in the +Y direction (auxiliary} only. Keel {ittings at

Orbiter Xo Stations 715 (18, 161 mm}, 951 (24, 155.4 mm), 1,069 (27, 152. 6 mm),
and 1, 181 (29, 997. 4 mm) will react +X loads in addition to +Y loads as shown

in Table B-2. The stabilizing fitting may be located on either the left or right
longeron., The Orbiter-supplied interface fittings will minimize Y loads in

the primary fittings, X and Y loads in the stabilizing fittings, and X and Z

loads in the keep fittings. Statically indeterminate payload attachment methods
shall not be precluded, but such methods must be compatible with the structural
and mechanical capability of the Orbiter attach points for all comhinations of

deflections and loads,

Table B-2

LIMIT LOAD CAPABILITY AT PRIMARY AND
VERINER AUXILIARY (KEFL) FITTINGS

STATION +Y LIMIT LOAD +X LIMIT LOADS
Xo, INCHES 1000 L8S 1000 LBS
619 9.33
649 18,18
* 715 32.76 2.5
726.8 21,99
738.6 15.98
762.2 33.79
v 7740 45,88
7856.8 30.64
797.6 23,12
B21.2 39.87
* 833.0 55.60
B44,8 38.26
880.2 38.53
* 892.0 '59.80
939.2 49.49
v 9510 70.20 7.5
962.8 51.36
998,2 57.64
*1010.0 20,80
1021.8 57.99
1057.2 50.71
*1009.0 ‘ 78.50 6.0
1080.8 56.52
1104.4 25.20
1116.2 37.35 ,
*1128.5 72,50 "
1163.4 24.60
1175.2 a2.74
11810 67.52 1.5
1249.0 66.4

—
*Primary Station
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B.3 (JSC-07700-7.1) CARGO CENTER OF GRAVITY ENVELOPES

Center of gravily envelopes are pfovided for a cargo up to a maximum of
65,000 1b (29, 510 kg), The allowable longitudinal, vertical, and lateral com=
posite payload (cargo) center-of-gravity envelopes are given in Figures B-4
through B-6. All payload chargeable items (OMS, kits, EPS kits, spare
parts, etc.) regardless of location, i.e., payload bay, beneath b-y, etc.,
must be included in the computation to obtain the location of the cargo

center-of~gravity.

The cargo center-of-gravity for weights up to 65, 000 1b {29, 510 kg) must be
within the specified envelopes at the time of main engine cutoff~-MECO for
RTLS abort and at the time of entry (400 -kft altitude) for all other intact
abort flight modes. For normal missions, the cargo center-of-gravity for
weights up to 32 klb (14, 528 kg) must be within the specified envelopes at
the time nf entry — 400 kft (122, 000 m) altitude.

CR28

101

MAX DESIGN
PAYLOAD WEIGHT —

60 b 65,000 LBS
% 50 -
X a0k~
E MAX DESIGN
o PAYLOAD WEIGHT —
2 0 AT LANDING
2 32,000 LBS
o]
|
5 20
&

ALLOWABLE CARGO
10 C.G. ENVELOPE
i i { i | |
o 120 240 360 480 600 720
X ,=582.0 DISTANCE FROM FORWARD PAYLOAD BAY ENVELOPE IN INCHES
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B.4 (JSC-07700-13. 4) DOCKING MODULE

The Orbiter may be docked to another orbital element by using the Docking
Module installed in the payload bay as a payload weight chargeable item.

This module is attached to the Orbiter airlock with access provided by the
payload bay hatch. A 40-inch clear diameter passageway is provided through
the Docking Module, either to the payload bay or to an attached habitable
payload. Typical installation is shown in Figures B-7 and B-8, EVA is
possible with either configuration, with access to the exterior through the
docking interface hatch. The size object that can be moved to or from the
habitable payload by an unsuited crewman is 22 x 22 x 50 inches and 18 x 18 x
50 inches for EVA suited operations to or from the payload bay. The interface

between the docking module and a tunnel as shown in Figure B-8 is similar to

the airlock interface, as shown in Figure B-9,

CR28

DOCKING MECHANISM RETRACTED;
EXTENDS TO CLEAR THE ORBITER
MOLD LINE

DOCKING
MODULE

- 52,3-FT PAYLOAD {MAX)

AIRLOCK

\@ﬁ.' |

ttt— 7.3 FT —mn]

Figure B-7. Orbiter Airlock/Docking Module Interface
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Appendix C
SKYLAB CANDIDATE HARDWARE SUMMARY
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Appendix C
SKYLAB CANDIDATE HARDWARE SUMMARY

Larly in the MOSC Study, a survey was made of Skylab hardware items
which would be available for use in extended duration missions or which
represent current technology upon which extended missions would be pre-
dicted. This appendis: itemizes the applicable Skylab systems. The format
used is as follows:
1. The first column indicates the element of the Skylab Program which
contains the unit. Abbreviations used are:

ATM - Apollo Telescope Mount

AM - Airlock Module
MDA - Multiple Docking Adapter
OWS - Orbital Workshap
2. The second column lists the unit and some general characteristics.

All abbreviations should be sell-explanatory.

3. Additional information on the units itemizaed can be obtained from
the '""Skylab Operations Handbook (SLOH)," Document No. MSC 04727,
dated 24 January 1972
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Source

ATM

ATM/AM

ATM

AM/MDA/OWS

AM/MDA/OWS

OwWS

STRUCTURAL AND MECHANICAL

Subsystem
Payload Shroud (3 section)
Cylinder assembly 260 in. dia by 350 in. long
Aft cone 142 in. long (cone angle - 12-1/2°
Fwd cone 182 in. long {cone angle -~ 25°)
Provides structural support
Separates on command
Discone Antenna Booms
Contains two booms - deploys to 36 ft 8 in.
Apolle Telescope Mount
Deployment assembly and rotation system

Pressure Hatches

MDA - 30 in, diameter
AM - 49.5 in. dia with 8.5 in. dia window

OWS - 42 in. diameter
Windows
MDA - IR reflective with window cover

AM - 8 in. x 12 in. oval IR reflective with

cover
OWS - 18-5/6 in. circular IR and UV coated

Radiator
Surface area - 84 sq ft

Heat transfer - 1, 680 Btu/hr
Operating pressure - 140 psia maximum

B. ENVIRONMENT CONTROL AND LIFE SUPPORT (INCLUDING

FOOD, WATER, AND WASTE MANAGEMENT)

Source

OwSs

Subsystem

Relief Valve

Cracking pressure - 5.5 to 6.0 psid
Effective area - 0.47 sq in.
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Source

OWwWSs

OWS

OWS

OWS

AM

AM

AM

AM

ATM

Subsystem

Cabin Pressure Regulator Asgsembly
Regulated pressure - 4.8 to 5.2 psia
Flow rate - 1'lb/hr minimum
Inlet filter - 10 microns

PPO, Sensor, Amplifier, Controller

Sensor range - 0 to 6.4 psi
Control range - 3.3 to 3.9 psi

Cooulant Pump Assembly

Flow rate (! pump) - 230 lb/hr
Operating pressure - 100 psig

Radiant Heater

Heat dissipation - 125 W at 24 Vdc

Voltage range - 22 to 28 Vdc

Surface temperature - 210°F
Thermal Capacitor

Melting point - 22.35°F

66.5 Btu/lb.

Flow rate - 220 1b/hr at 75°F
Ground Cooling Type Heat Exchanger

Operating pressure - 230 psig maximum
Heat transfer - 17,700 Biu/hr

Regenerative Heat Exchanger

Operating pressure - 203 psig
Heat transler - 4,720 Btu/hr

Cold Plato

Oper ating pressure - 100 psig
Thermal conductance - 50 Btu/hr

Cooling Pump

Flow rate - 220 1b/hr
Power - 30 W at 28 Vdc
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Source

ATM

AM/MDA/OWS

AM

AM

AM

AM

AM

OwWSs

OWS

OWS

Subsystem

Water Filter
Operating pressure - 60 psig maximum
Flow rate - 0.5 gpm
Filtration - 10 microns minimum
25 microns absolute
PLV Fans

Operating pressure - 4. 8 to 14.7 psia
Power - 13 W at 30 Vde

Molecular Sieve Fan

Operating pressure -5.5 psi maximum
Flow rate - 34.2 cfm

Solids Traps

Operating pressure - 5.5 psig
Flow rate - 17.1 cfm

Charcoal Canister
Flow rate - 18.2 1b/hr
Suit Cooling Pump

Flow Rate - 200 to 350 lb/hr
Power - 30 W

EVA/IVA Gas Separator

Flow rate - 200 to 350 1b/hr
Gas removal - 95% of 20 + 2 sccm influent gas

Thermal Capacitor

Flow rate - 125 1b/hr

Operating pressi. e - wax side - 40 psia maximum
coolant side - 140 psia maximum

Pump Package
Operating pressure - 100 psig maximum
Flow rate - 125 £ 11 1b/hr
Power consumption - 70W

Freezers

Flow rate - 125 1b/hr
Operating pressure - 100 psig
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Source

OowWSs

AM

AM

AM

Source

AM/MDA/OWS

AM

C. ELECTRICAL POWER

Subsystem
Solar Array

147, 840 cells at 113 mW/cell
Total power 1700 W
Minimum voltage 58 V

Battery

33 amp-hr

30 series connected NICAD cells
Charging voltage range - 30 to 48 Vdc
Discharge voltage range - 30 to 36 Vdc
Environment - -10° to +120°F
Pressure relief built in

Battery Charger
Input voltages (solar array) - 30 to 125 Vdc
(battery) - 30 to 42 Vdc
Input power (solar array) - 2,580 W
Bus Voltage Regulator
Input (solar array) - 30 to 125 Vdc
{charger) - 33 to 48 Vdc

Output (open circuit) - 26 to 30 Vdc
(at 50 amps) - 24 to 28 Vdc

D. COMMUNICATIONS

Subsystem
Intercom Box

Input voltage - 22 to 30 Vdc
Maximum input power - 15.9 W
Minimum microphone input - 75 db
Speaker output - 0 to 106 db at 5 psia

Audio Load Compensator
Input voltage - 22 to 30 Vdc
Output power - 5.4 W

Operates with microphone amplifier, earphone
amplifier and tape recorder amplifier
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Source

AM/MDA/OWS

AM

ATM

AM

ATM/AM
ATM/AM
AM

AM

Subsystem
Television (Used with Apolle TV Camera)

TV Input Station

Input voltage - 22 to 30 Vdc

Input power - 3.1 W

Video amplification - 6 db to 14 db
Video output - 4 V P-P

Video Selector

Input voltage - 22 to 30 Vdc
Input Power - 5 W

Video Amplification - 0 to 12 db
Video output - 3.5V P-P

Teleprinter

Input voltage - 28 to 30 Vdc
Maximum input power - 25 W
Print characteristics
63 alphanumeric characters
Each character - 0.153 in, high
30 characters/line
Print rate - 18 characters/sec

Ranging Antenna (VHF)
5 turn helix 259.7 to 269.5 MHz
VHF Transceiver

Receiver - 259.7 MHz
Transmitter - 296. 8 MHz

Command Antennas - 450 MHz
Launch Stub Antennas - 230. 4 to 450 MH=
2 watt Transmitter
Input voltage - 22 to 30 Vdc
Input power - 18,9 W
Frequency - 230.4 MHz
10 watt Transmitter
Input voltage - 24 to 30 Vdc
Input power - 81 W

Frequency - 230.4 MHz, 246.3 MHz,
235.0 MHz
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E. DATA MANAGEMENT

Source Subsystem

AM DC-DC Converter

;
i
I
L
i
T::l

Input voltage - 18 to 30.5 Vdc

Input power - 113 W

Output voltages, +24 Vdc (10 to 40 W)
-24 Vdec (7.5 to 30 W)
+5 Vdc (0,12 to 1,5 W)

AM DC-DC Converter

Input voltage - 19 to 34 VDC

Input power - 29 W

Output voltages - +24 Vdc (0 to § W)
-24 Vdc (0 to 5 W)
+5 Vdc (0 to 1 W)

OWS DC-DC Converter

Input voltage - 24 to 30 Vdc
Input power - 6 W
Output voltage - +5 Vdec (0 to 1 W)

MDA Signal Conditioner

Input voltage - -24 to 30 Vdc
Input power - 5 W

AM Programmer

Input voltage - -24 Vdc
Input power - 6.3 W
Inputs - 9 L/L at 80 sps

6 L/L at 160 sps

6 H/L at 10 sps

32 H/L at 1,25 sps

; 24 Bit Digital at 0.416 sps
8 Bit digital at 10 sp#
Outputs - 51.2 KBPS NRZ-C (serial)
5 5.12 KBPS RZ (serial)

5.12 KBPS clock (serial)

AM Interface Box

Input voltage - -24 Vdc
Input power - 18.3 W
Inputs - 18 H/L at 10 sps
5 H/L at 20 sps
1 H/L at 40 sps
8 H/L at 80 sps
5 H/L at 320 sps
Ouiyits - 5.12 KBPS RZ (serial)

c8
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Source Subsystem
AM/MDA/OWS Low-Level Multiplexer

Input voltages - +18 VDC, -18 Vdc, +5 Vdc ;
Input power -~ 0.036 W (+18 Vdc)
0.043 W (-18 Vde)
0. 060 W (+5 Vde)
Inputs - 8 L/L at 1.25 sps
24 L/L at 0.416 gps

AM/MDA/OWS High Le el Multiplexer

Input voltages - +5 VDC, -5 Vdc
Input power - 0. 050 W (+5 Vdec)
0.020 W (-5 Vdc)
Inputs - 32 H/L at 1.25 sps
24 B/L at 10 sps
16 BLP at 10 sps

AM Tape Recorder

Input voltage -~ 24 + 1% Vdc

Input power - 15.5 W maximum

Inputs - 5. 12 KBPS RZ and clock
5.76 KBPS RZ and clock
300 to 3, 000 Hz audio

Outputs - 112. 6 XBPS NRZ-Space |

. 126.7 KBPS NRZ-Space
6.6 to 66 KHz

AM Quartz Crystal Micro Balance

Input voltage - 23,25 to 24 Vdc

Input current -~ 35 milliamps maximuri
Sensitivity - 45 MVDC/microgram
Qutput impedence - 10K ohms i
Life - 9,000 hr i
Operation temperature - -70°F to 160°F

AM Receiver - Decoder
Input voliage - 22 to 33 Vdc
Input power - 12.5 W
Receiver frequency - 450 MHz

AM Digital Control System Relay Meodule

Input voltage - Set - 23 Vdc
Reset - 18 Vdc
N Coil currents - Set - 0.02 amp
Reset - 0.01 amp
\ Channels/Relay Module - 8

e




Source
AM
AM
AM
AM
AM
AM
AM/MDA/OWS
AM/MDA/OWS

Subsystem

Command Relay Driver Unit

Input voltage - 22 to 30 Vdc
Input power - 40.5 W
Output (480 relay drivers) - 0.85 amp

Electronic Timer

Input voltage - 22 to 30 Vdc

Input power - 7.2 W

Accuracy - 0.125 sec/day

Capacity - Elapsed time - 582 hr, 32 min
Time-to-go - 2 hr, 16 min
Time-to-go -~ 582 hr, 32 min

Time Correlation Buffer

Input voltage - 22 to 30 Vdc
Input power - 17.8 W
Accuracy - 0.125 sec/day

GMT Clock

Input voltage - 22 to 30 Vdc
Input power - 10.8 W
Accuracy ~ 0.125 sec/day
Capacity - 400 days

Event Timer

Input voltage - 22 to 30 Vdc
Input power - 4.3 W
Accuracy - 0.125 sec/day
Capacity - 1,000 hr

Portable Timer

Input voltage - 1.4 Vdc, 5.4 Vdce

Input power - 1 W

Accuracy - 0. 6 sec/day

Output tone - 800 Hz at 70 db
UV Fire Sensors

Input voltage - 18 to 33 Vdc

Input power 6 W

Sensitivity - 1, 850 to 2, 650 A°
R2pid AP Sensors

Input voltage - 18 to 34 Vdc
Input power - 5.6 W '
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Source

ows

ows

OwSs

Source

AM/ATM

AM/MDA/OWS

OowS

F. STABILIZATION AND CONTROL

Subsystem

Spheres

Volume -~ 4.5 cu ft

Operating temperatures - -15° to +173°F
Operating pressure - 300 to 3,100 + 100 psia

Proof pressure - 6,000 psig
Burst pressure - 8,000 psig

Control Valves

Operating pressure - 0 to 3,200 ps.

Proof pressure - 4, 800 psig

Burst pressure - 8, 000 psig

Life - 35,000 cycles

Solenoid voltage - 24 to 37 Vdc
Solenoid current - 3 amp maximum

Thruster
Expansion ratio - 50

Environmental - -140° to +165°F
Life - 35,000 cycles

G. CREW ACCOMMODATIONS

Subsystem

EVA Light

20 W, incandescent, white
Grid enclosed
Directional lens
Internal Floodlight
8 W flourescent
10 W incandescent
20 W incandescent
High Intensity

37.5 W flourescent
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Source

Oows

OowSsS

OWS

OwWs

OwWS

OWS

owSs

OwWsS

Subsystem

Stowage Compartments
1 cu ft
1,5 cu ft
3 cu ft
6 cu ft
6.5 cu ft
Food Boxes
8 cu ft
Food Freezer or Chiller
Holds 28 day supply for 3 men
Freezer temperature: -10°F
Chiller temperature: +45°F
Urine Freezer
Holds 56 day accumulation for 3 men
Galley
Holds 7 day food supply for 3 men
Water Tanks
Holds 650 1b water, 600 lb usable
Pressure required - 35 psig
Heater blankets maintain water at 50°F

Portable Water Tank

Capacity - 3 gallons
Self-contained

Safety Aids
Medical support kit

Van Allen belt dosimeter
Fire extinguishers

€12
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Source

AM/MDA/ATM

ATM

MDA

MDAC

H. DOCKING

Subsystem
Docking Lights
20 W, incandescent, red
20 W, incandescent, green
20 W, incandescent, white
20 W, incandescent, amber
0.7 W, incandescent, white

Tracking Lights

High intensity, flashing
Visibility - 3rd magnitude star at 269 nini

Docking Alignment Target
Apollo LM Type
Base diameter - 17. 68 in.
Self-illuminating

Docking Port and Mechanism

Apollo drogues and rings
Consists of tunnel, drogue, hatches
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Aprendix D
SHUTTLE ATTACHED MODE SUMMARY

In urder to assess the feasibility of extending the Shuttle Spacelab mission
duration beyond 30 days, a shuttle attached manned orbital systems concept
was examined early in the MOSC study. In this analysis, four Spacelab con-
figurations (as shown in Figure D-1) were considered for the extended mission
and projections were made from dzta appearing in the Shuttle and Spacelab
Payload Accommodations Handbooks®, In determining launch and landing
weight indications, a total of four crewmen (plus Orbiter crew) and an
electrical power requirement of 15. 3 kW (assuming fuel cells providing

8.3 kW to the Orbiter and 7.0 kW to the Spacelab) were considered as the

baseline requirements for extended missions.

The discretionary payload weight for each Spacelab configuration is quoted in
the Spacelab Payload Accommodation Handbook, which is referenced to a
design-to-weight requirement of 25 klb total launch weight including the dis-
cretionary payload allowance. The difference between the 25 klb and the
discretionary payload weight was then assumed, for purposes of this analysis,

to be the basic Spacelab weight for each configuration referenced.

In terms of payload support and accommodations, the configurations are:
Configuration 1 - long Module; Configuration 2 - short Module and three
pallets; Configuration 3 - 5 Pallets only; and Configuration 4 - 3 Pallets only.
The first two configurations, for purposes of preliminary analysis, can be
considered to have the same payload support capability in terms of weight.
Weight summaries for these four configurations are presented in Figures D-2

through D-7. A 10 percent contingency is included in the weight data.

*References: Space Shuttle System Payload Accommodations Level II Vol XIV -
J8C-07700 - Rev C and Spacelab-Payload Accommodation Handbook,
(preliminary issue) Oct 1974 ESTEC Ref No. SLP/2104
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Figure D-1, Spacelab Baseline Configurations
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Figure D-2, Spacelab Extended Capabilities
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Figure D-3. Spacelab Extended Capabilities — Solar Power Modification
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Figure D-7. Spacelab Extended Capabilities — Solar Power Modification

Figures D-2, D-4, and D-6, respectively, display detail data for the four
Spacelab confiigurations flight extension capabilities relying on Orbiter fuel
cells to supply electrical power needs. Figures D=3, D-5, and D-7 are
indicative of potential improvement in capability by substitution of solar
arrays as a source of additional electrical power. Installation concepts for
the lightweight foldout arrays were not developed, but it is noted that such
arrays would occupy payload volume in the cargo bav of the shuttle and

might present potential interference with payload viewing requirements,

In estimating the weight growth requirements the same factors were utilized
in each case as flight times were extended. for the four configurations., The
assumptions made and procedures used in the determination of the estimates
are as follows:
1. The Shuttle reaction control system (RCS) requirezments were derived
from information included in the Spacelab Payload Accommadation
Handbook, October 1974, and are representative of flights where

minimal orbital maneuvers arc required.
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3.

Cabin leakage was accounted for with atmosphere makeup included
for flight durations in excess of seven days.

Electrical power demangd was assumed at a 7. 0 kW total average
level utilizing the four 840-kwh Orbiter-supplied (and payload=-
chargeable) power kits, The breaks in the curves past 7 days
reflect the additional payload-chargeable fuel cell reactants and
tankage requirements. If solar arrays are used, equivalent power
levels would be required. However solar array installation, deploy-
ment, retraction in the Orbiter cargo bay would require preliminary
design and weight trade analyses,

The crew support provisions, leakage rates and RCS propellants

are based on the weights defined in Space Shuttle System Payload
Accommodations (JSC 0700, Volume XIV, July 1974), These ele-
ments were then extrapolated for the reference flight durations.

The difference between launch and landing weights are the gases and
liquids which go overboard during the flight either through leakage or

utilization during the mission.

The weights for the 30-day Spacelabs are compared to the 32-klb planned
landing limit in Figure D-8. Subtraction shows net payloads of 7k to nearly
15. 0 klb could be launched and landed for orbital durations of 30 days.
Beyond 30-days the discretionary weight available for payloads rapidly

disappears.

The present Spacelab utilizes fuel cell power from the Orbiter; however, it
may be feasible to utilize solar arrays in lieu of additional cryogenic reactants
for the fuel cells during orbital operations. Figure D-9 is a comparison
between fuel cells and solar array operations as a function of weight for
Configuration No. 1 which would be typical. This comparison shows that
longer mission durations are possible if solar arrays are utilized, and they
allow a greater payload accommodation for periods over 16 days. With the
Spacelab, the power required by the Orbiter is 8.3 kW plus 7 kW for the
payload, of which 2.9 kW is for the Spacelab and its subsystems and the
remaining 4, 1 kW for experiments. Using fuel cell kits of 840 kWh, the
crossover point for launch weight for a solar array/battery systeia occurs
at approximately 14 days. The cross over point for landing weight occurs at

about 16 days.
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Figure D-10 illustrates crew systems and power weight gzrowth as a function
of flight duration for a Spacelab configuration, using the long module and
various crew sizes and the corresponding decrease in available payload
weight. If a 32 klb landing limit remains as a firm requirement, missions
utilizing a crew size of seven (three Shuttle crew ‘and four scientist-astronauts)
and 15, 3 kW (fuel cells) can be accomplished with a net payload of about

10, 0 klb for mission durations of 20 days, This mission would require a

42 klb launch weight, which includes 10. 0 klb of consumables (primarily fuel

cell cryogenics), which would be expended or jettisoned prior te landing.

The data shown is based upon using the existing Spacelab system (orbiter fuel
cells), plotted for crew sizes for four and seven. Solid lines are the launch

weights and the dashed lines are landing weights.

Figure D-11 is a plot of the discretionary payload capabilities of the four

Spacelab configurations assuming a crew of four as a function of flight

duration.
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Figure D-11. Extended Spacelab Payload Capabilities — 32,000-1b Takeoff Weight

From the data plotted in Figures D-2 to D-11, it may be seen that all Shuttle
attached modes of operation have absolute flight duration limits of about

60 days and practical flight duration limits on the order of around thirty days
subject to the variations of desired payload weights and the assumptions under

which the flight operations are to be conducted.

The only way certain payloads could be maintained in orbit for longer periods
would be to have at least portions of the system capable of being detached
from the orbiter and left in orbit while the orhiter itself, with the 32, 000 lbs
down payload weight limitation, returns to Earth. This would require the
development of self-sustaining modules with stalion keeping capability which

in turn would be essentially free~flying platforms.
For these reasons and because of the limited mission durations possible in

the Shuttle attached operational mode and the resulting multiple flight require-

ment to achieve longer duration missions. a permanent orbital facility appears

D-10
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to have significant cost and operational advantages ove a short-duration
(i, e., 30 to 60 days) Shuttle attached facility. Furthermore, an Orbiter
utilized in an extended duraticn mode is effectively out of service and not

available for other concurrent missions during the time period,

A permanently manned facility cffers considerable growth potential and when
viewed as a modular building block system it can become a logical step lead=-
ing to larger orbital facilities and missions of broader scope. The permanent
orbital facility concept also would minimize interference with other Shuttle
traffic and 7-day Spacelab operations by reducing the requirements for
multiple Shuttle flights to accomplish a given research program. In fact,
over 40 percent of the planned payloads (725 missions) in the NASA Shuttle
Traffic Model could benefit from mission durations of greater than seven

days if such a manned orbital facility were available.

Accordingly, with NASA concurrence it was decided following the Second
Midterm Briefing that the remainder of the study should emphasize the con=-
c eptual definition and programmatic evaluation of a permanent orbital facility
capable of supporting space activities in low inclination and polar low-Earth

orbits,
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Appendix E
LIMITED-DURATION CONCEPT (3-MAN MOSC)

Situations can he anticipated in which a free-flying manned facility may be
required for limited durations (to 60 days) to accommodate special
events. Accordingly, an alternative MOSC configuration was developed
which represented a completely self-contained facility capable of heing

delivered to orbit by a single launch of the Space transportation system,

This MOSC alternate configuration as shown in Figure E-1% is designed for
a 60-day orbital mission and is a single launch-to-orbit facility without
orbital resupply capability. The outhoard profile and payload accommoda-
tions were designed for compatibility with the following Orbiter character-
istics: (1) cargo bay envelope, (2) planned landing weight limit, and

{3) orbital operations.

The maximum space station length that can he installed in a cargo bay that
has the Orbiter docking adapter installed is approximately 52 feet. This
length allows a total end clearance of 2 feet. The 3-man module and tunnel
are 36.2 feet, which leaves 15.8 feet for the payload pallet. As the limited-
duration MOSC must return from orbit at the completion of each mission, it

must meet the landing weight limitation of 32, 000 pounds.

Experiments requiring laboratory conditions would be located in the free
volume of the pressurized module. This places limits upon the weight,
volume, and dimensional parameters that can he accommodated. The pay-
load pallet would he attached to the tunnel end of the configuration in order
to keep the docking port available for Orbiter docking and to maximize the

clearance between the solar arrays and the Orhiter.

*An engineering drawing of the inboard profile appears at the end of this
appendix. '
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Figure E-1. MOSC 3-Man Limited — Duration Configuration

The module interior has been laid out so that all subsystems and crew
facilities are in one pressurized volume. This module consists of two
cylindrical segments. Two crew quarters have 80 ft3 and the third has

100 ft° and would nominally be assigned as the commander's quarters. A
wardroom could not be included within the limited volume; therefore, the
crew quarters and galley area must be used as general purpose facilities.
The personal hygiene/waste managemuvnt area, which is located in the crew
quarters area, is allocated 100 ft3, which appears adequate when compared
to Skylab's 126 ft3. Subsystems equipment is located centrally with payload-
oriented ec-.ipment located forward toward the solar array turret and payload

module.

EVA airlock provisions are provided by utilizing the pressurized volume in
the solar array tunnel. Attitude control employs two CMG's and four RCS

modules located on the aft conic structure, which correct for missed docking
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disturbances. The haseline MOSC RCS functions were divided between the
habitability and logistics modules,

The solar array turret is the same configuration used on the baseline,
except the international docking assembly interfzcing with the payload module

has been deleted and a holted connection substituted.

The overall length of the subsystem/habitahility module concept is 36. 15 ft
(11, 02m) which permits the accommodation of a 15, 83-ft (4. B2m)-long pay-
load for an overall length of 52. 5 ft.

The design of the ECLS system for the three-man configuration (see

Table E-1) is similar to the baseline subsystem except that expendables have
been reduced to a three-man level, the logistics module storage capability
has heen removed, and the redundancy level in the thermal control subsystem
has heen reduced. Safety has not heen compromised, although emergency
stores have been reduced to supply three men for four days; the emergency
pallets themselves are the same as those sized to support four men for the
baseline. A small additional weight saving is possible due to the off loading
of supplies to the three-n.na.n level. Although safety levels have not been
jeopardized, the probability of mission success has heen reduced somewhat
hy the reduction in redundancy level. A preliminary equipment list is

presented in Table E-2.

Assuming that the prime program will be the 4-man baseline system and the
limited duration three man facility would he derived from the baseline, all
systems are sized for four men although consumables reflect the needs of a
three-man crew. Table E-3 shows the changes in ECLS characteristics
relative to the baseline. This data shows that weights, volume, and power
would be reduced significantly from the baseline. This of course, is

essential to make a single-launch, 60-day mission possible.

The total Orbiter launch mass would include the 3-man MOSC (27, 489 lbm/
12,469 kg), the transfer tunnel 2,200 lbhm (998 kg), plus the three crewman
1, 125 lbra (510 kg) and supporting gear. This coupled with the jettison of
normally expended fluids and gasces would permit a payload of 1,732 1bm
(785 kg) if the return landing mass is limited to 32, 000 Ibm (14,515 kg).

E-4



Table E-1

ENVIRONMENTAL CONTROL/LIFE SUPPORT SUBSYSTEM
PERFORMANCE REQUIREMENTS SUMMARY

Limited-Duration . Baseline
Item 3-man MOSC 4-man MOSC
Mission Parameters 5
No. of Launches Single Single or multiple
Resupply period 60 davs 90 days

Power concept

Design philosophy
Redundancy philosophy
Crew size

Growth goals

Number of compartments
Emergency provisions

ECLSS Performance
Characteristics

Atmosphere

Repressurization gas
storage

Atmosphere temperature
Atmosphere leakage
Humidity level - dewpoint
Metabolic OZ consumption
Carbon dioxide production
Metaholic rate

Crew potable water intake

Crev wash water

Thermal Characteristics
Heat load

Solar cells
Austere

Not redundant

3

Expand to 4 men
2

4 days

Air - 14,7 psia

Largest compartment

65 to 80°F

3 Ib/day/compartment
43 to 60°F

1. 85 Ib/man day

2.18 Ib/man day

560 Btu/man hr

6 1b/man day

4 1h/man day

Electrical + crew +

Solar cells

Low cost and flexible
Not redundant

4

Expand to 6 men

2 minimum

4 days

Air - 14.7 psia

Largest compartment

65 to 80°F |
3 Ib/day/compartment
43 to 60°F

1. 85 Ib/man day

2. 18 Ib/man day

560 Btu/man hr

6 1b/man day

4 1b/man day

Electrical + crew +

chemical chemical 1
Wall temperature limits 60 to 105°F 60 to 105°F |
Vehicle orbital orientation Any Any }
Thermal capacitance For orbital For orbital
fluctuations fluctuations
£-5
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Table E-2 (Page 1 of 2)

3-MAN LIMITED-DURATIDN MOSC CONFIGURATION — ENVIRONMENTAL
CONTROL SYSTEM EQUIPMENT LIST

Fixed Equipment

Expencables
(90 day)

No. Weight Volume Power Weight Volume
Equipment Items Req'd (1b} (££3) (watts) (1b) (££3) Location
OZ and NZ Storage 5 2025 77.5 0 1075 77.5 CV/1M
Repress Air Storage 1 405 i5.5 0 100 i5.5 CV/1LM
Oxygen Pressure Regulation 1 20 0.4 P 0 0 Ccv
Nitrogen Pressure Regulation Z 40 0.8 4 0 0 }in IM & 1 in SM
Atmosphere Pressure Control 1 28 0.6 24 0 0 SM
Cabin Dump and Relief 2 14 0.4 24 0 0 1 in each module
Airlock Pressure Control I 7 0.1 0 0 0 HM airlock
P1LSS Recharge 1 0.5 0.02 0 0 0 1M
Cabin Fans 2 72 1.4 606 0 0 l each in HM & SM
CO, Control 1 9 5.5 3 802 40 CV/LM
Humidity & Temperature Control 2 70 2.4 36 0 1l each in HM & SM
Water Separation i 11 3.3 41 0 0 SM
Distribution Ducts & Control Set 120 12.0 0 0 0 All modules
Valves
Avionics Fans 2 32 2.2 486 0 0 1 each in HM & SM
Avionics Heat Exchanger 2 92 3.2 6 0 0 1 each in HM & SM
Contamination Monitoring 1 33 1 50 0 0 SM
Fire & Smoke Deteclion 2 24 0.8 40 0 0 1 each in SM & HM,

#Not normally used |

sensors in LM




Table E-2 (Page 2 of 2)

3-MAN LIMITED-DURATION MOSC CONFIGURATION - ENVIRONMENTAL
CONTROL SYSTEM EQUIPMENT LIST

Expendables B
Fixed Equipment {90 day)
No. Weight Volume Power Weight Volume !
Equipment Items Req'd (1) (£t3) {watts) (1b) (ft3) Location
Fire Suppression 2 40 1.4 0 0 0 1 each in SM & HM _
Water Recovery 2 360 9 43 23 1.4 Redundant units in
, SM/1M
Water Dispenser 1 15 1 26 0 0 HM :
Coolant Water Circulation 1 10 .3 53 0 0 SM _
Radiator Circulation 1 20 1 274 0 0 SM airtight |
compartment
m Interloop Heat Exchanger 1 30 2 0 0 0 SM airtight
~ compartment —_
Thermal Capacitors 10 2175 2.5 0 0 0 SM airtight
compartment l
'Regenerative Heat Exchanger 1 15 1 ] 0 0 SM airtight
’ compartr. st
Crew Prebreathing 3 30 1.5 0 0 0 Airlock Arcs !
Cold Plates 16 135 4.2 0 -0 0 4 in SM, 2 in HM & f_
10 for thermal F
capacitors )
- Portable Life Support 3 309 21.3 0 0 0 HM airlock =

Emergency Pallets 2 0 0 0 2x4 men for 96 hrs
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Table E-3

ECLS CHARACTERISTICS FOR LIMITED DURATION AND
AS DELTA'S FROM BASELINE

Fixed Equipment 90-Day Expendables
MOSC Weight Volume Power Weight Volume
Configuration (1h) (££3) {watts) {lb) (££3)
Limited -751 -26.7 -116 -576 -14.3

Duration

This could be improved by reducing mission duration at the rate of 85 lbm
(39 kg)/day. Other means are available to increase payload margins by
selection of hardware sized directly for this design rather than using equip-
ment from the 4-Man Baseline., Table E-4 is the mass summary with

Figure E-2 illustrating the cargo bay installation and Orbhiter X0 CG stations
for hoth landing and launch.

A more detailed mass hreakdown is presented in Table E-5 and is

categorized according to the elements appearing in the MOSC Work Break-
down Structure (WBS),

ﬁfﬁ! -
AN LTI

= e ey —— -

CR28

-]
-
g 60 -
-
l 40
h =
X
5 [}
>
E' 20+
5
= 1 | ] 1 i |

0
582 700 800 900 1,000 1,700 1,200 1,302
Xo ORBITER STATION — INCHES

REF: MOSC MOUNTED AT AFT STA (X, = 1302)

Figure E-2. 3-Man Limited Duration MOSC Vehicle CG vs Orbiter Landing Envelope

E-8

*




Table E-4
3-MAN LIMITED-DURATION MOSC MASS SUMMARY

Subsystem/Consumables Description Mass (Ib) [kg]

[ Structure/Mechanical . 5,830
Environmental Protection 575
Electrical Power 4,665
Propulsion 344
Data Management 2,363
Communication 1, 140
Stability and Control 1,493
EIIKI/I/ % Environmental Control and Life Support 3,515
1 Crew Accommodations 3, 154

Subtotal Mass 2—3;, 079 |

i

Contingency 2,998 '
Inert Mass %, 077

Residuals/Reserves ‘ 866 E

In-flight Losses 546 '

| Launch — Nominal 27,489 [12, 469] |

i

Docking Module 2,200 [998)

Crew 1,125 {510]

Launch — Total 30,814 [13,974]

PM  Discretionary Payload 1,732 [785] *

Landing Total 32,000 [14,517]) % :

1

*Inflight Loeses Jettisoned
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Table E-5
3-MAN MOSC MASS SUMMARY
60-DAY MISSION

WBS

Subsystem/Habitable Module

03-02 Structure/Mechanical

Primary Structure
Fwd Conic
Fwd End Plate
Cly-Basic
Aft End Plate
Aft Conic
Hatchi{s) (3)
Fittings (Hard Points)
Turret/ Tunnel
Secondary Structure
Racks/Supports
Overhead Structure
Floor Supports
Floor
Subfloor
End Closure Floor
Airlock
Docking

03-10 Environmental Control

HPIL
Rack Insulation
Radiator Meteoroid

03-05 FElectrical Power

Solar Panels and Gimbal Mount
Batteries

Power Regulation and GControl
Power Conditioning

Power Distribution

03-09 Propulsion

Nz Tanks (3)
Thruster Modules
Distribution Controls

03-07 Data Management

Subsystem
Data Processing
Instrumentation
Display and Controls
Experiment
Data Processing
Display and Controls
Wiring

{ 5830)
3956
467
134
1464
134
494
258
218
787
961
199
154
172
436
913
( 575)
319
256
( 4665)
2175
1750
210
470
60
{ 344)
234
90
20
{ 2363)
1584
618
394
572
469
226
243
310
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Table E-5 (Page 2 of 5) _‘
3-MAN MOSC MASS SUMMARY
60-DAY MISSION

WBS Subsystem/Habitable Module i

03-06 Communication ( 1140)

S-Band © 334
Antennas 22
R¥ and Signal Processor 312

Ku-Band 685
Antennas (Hi-Gain) 525
RF and Processor 160

Internal Communication 21

Wiring 100

03-08 Guidance and Control {( 1493) ?
CMGs (3) 1300 :
Horizon Sensor 45
Solar Sensors (2) 10 |
Star Sensors (2) 120 i
Rate Gyros (3) 3 i
Wiring 15

03-03 Environmental Control and Life \
Support ( 3515) ;
Equipment Thermal Control 269 i
Cold Plates ' 135 ]
Avionics Fan 32
Plumbing : 10
Heat Exchanger 92
E.C. Personal 2866
Atmosphere Supply and Control 1794
Repressurization Oz and Np
| Storage Bottles : 405
1 : 02 and N2 Storage Bottles : 1215
: Cabin Dump and Relief 14
i : Pump Down Accumulator ' -
1‘ Pressure Control 28
k Pressure Regulator (Nz and O2) 60
PLSS Recharge --
Fans ‘ 72
Atmosphere Reconditioner - 651
Air Temperature and Humidity
Control 70
Contaminant Control 33
CO2 Removal _ 541
Airlock Pressure Control ' ' 7
Catalytic Burner -
Fire Control 64 '
Fire and Smoke Detection a - 24
Fire Suppression 40
Ducting and Plumbing , 47
96-Hour Pallets (Inerts) 310
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Table E-5 (Page 3 of 5)
3-MAN MOSC MASS SUMMARY
60«-DAY MISSION

WBS

Subsystem/Habitable Module

03~03 (Continued)

Radiator Thermal Control
Radiator Recirculation
Radiator Control Assy
Interloop Heat Exchangers (2)
Thermal Capacitors
Regenerative Heat Exchanger

03-04 Crew Accommodations
Restraints
Tethers
Stowage Containers
Sleep
Zero-G
ETC
EVA
Handrails
Crew Life Support
Hygiene
Urine Tanks (3)
Fecal Tanks {2}
Waste Management Support
Consumables
Sink/Dryer Assy
Food Management
QOven, Chiller
Water Heater
Utensils
Food
Food Stowage
Housckeeping (see Hygiene)
Trash Management
Compactor
Cannister
Bags and Liner
Support
Water Management
Water Separation
Water Recovery (2)
Water Dispenser
Initial Water Supply Boifle
Cargo Handling
Furnishings

380
20
40
30
275
15
( 3154)
133
103
30
1899
391
78
26
123
147
20
994
161
91
617
125
123
80
30
3
10
391
11
360
15
5
10
312
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Table E-5 (Page 4 of 5)
3-MAN MOSC MASS SUMMARY
60-DAY MISSION

WBS

Subsystem/Habitable Module

03.04 Furnishings (Continued)
Partitions
Doors
Consoles
Floor (see Structure)
Equipment
Tables
Desks
Bunks
Paint
Lighting - Interior
Lighting - Exterior
Docking
Orientation
Acquisition
Personal Gear
Personal Hygiene
Garments
Bedding
Miscellaneous
Portable Life Support System
0Oy Mask
IVA/EVA Life Support
IVA Support
Pressure Suit
Crew Support
Medical
Recreation/Exercise
Flight Ops Gear

Subtotaled Mass (LBM)

00-00 Contingency
Environmental Protection
Structure/Mechanical
Electrical Power
Propulsion
Data Management
Communication
Guidance and Control
Environmentzal Control and Life

Support
Crew Accommodations
Miscellaneous

Inert Mass (LBM)

169
24
80
17
48
15
17
30
92
32
20
40
383
6
‘ 68
309
309
417
50
143
224
[23079]
48
115
(2998)
467
34
473
228
299
703
631
[26077]
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Table E-5 (Page 5 of 5)
3-MAN MOSC MASS SUMMARY
60-DAY MISSION

WBS Subsystem/Habitable Module
00-00 (Continued)
Residuals/Reserves ( 866)
Atmosphere 110
Propellant Trapped 15
Radiator 22
Cold Plates 7
Water 45
96-Hour Pallet 264
Metabolic Op 71
Water 193
Metabolic Op 403
Inflight Losses _{ E46)
Leakage 300
Repressurization 100
Propellant 146
Total Mass {LBM) [27489)
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Appendix F
GROWTH CONCEPT (6-MAN MOSC)

Situations can be anticipated in which accommeodations for manpower beyond
that provided by the baseline 4-man MOSC would be required although additional
payload related resources of weight, power; etc are not needed. Accordingly,
an alternative MOSC configuration was examined which would accommodate a

SiX-man crew,

The definition of the 6man MOSC growth concept is subject to several varia-
tions in the crew accommodations module location and the related core vehicle
arrangement. The long (i.e., two cylindrical sections) habitability module
matches the 4-man MOSC crew and subrsystem requirements very well, with
sufficient free volume to accormmodate crew activities, e.g., eating, exercising,
recreation, etc. The 6-man MOSC configuration, however, virtually eliminates
this free volume and therefore most of the physical exercise activities would

have to be performed in the crew quarters.

Figure F-1 shows three options for six-man crew habitability accommodations,
Option 6-A is a direct extrapolation of the 4-man Baseline internal arrangement.
This approach was predicated upon defining a minimum-cost capability with

six crewmen, All internal rearrangements to provide facilities for six men
during the 90 day mission occur in the habitability module, Equipment pre-
viously located adjacent to the crew quarters was relocated to permit installa-
tion of the two additional crew quarters. Due to fixed volume availability, the
wardroom was removed to provide the required volume available for rearrange-

ment of equipment.

Free volume is limited and may be marginal for the 90-day mission. In this
minimum-cost configuration, one waste management/personal hygiene com-
partment as designed for the Bascline 4-Man MOSC is utilized although

the processing equipment and tankage is sized for six men.

F-2

f e bt e e



OPTION

CR28

FIRST LAUNCH SECOND LAUNCH
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Figure F-1. MOSC 6-Man Core Vehicle Options

MAN HABITABILITY
MODULE

An alternative evolutionary path to a six-man basic vehicle would be to

reconfigure the logistics module to accommodate two additional crew quarters.

In this approach, the core vehicle would have quarters for four crew men,

although the required support subsystems (e.g., ECLS) would be sized for six

mern.

This would enable an increase in crew size to be accomplished at any

resupply cycle, An illustration of this concept also is shown in Figure F-1, as

Option 6-B,

Alternate Option 6-B takes advantage of volume which could be made available

to restore the needed free volume.

Option 6-B has the disadvantage of return-

ing the two-man crew's quarters with the logistics modules on each resupply

cycle.

Option 6-C introduces the large Habitability module with three cylindrical

segments,

This configuration would provide maximum free volume for the

crew, which will be very important for long duration missions. Option 6-C

provides an additional clearance envelope for larger solar arrays of increased

F-3
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width, The smaller payload module is necessary only with the second
deployment launch, Subsequent launches would be typical logistics and/or

payload modules.

Of the three approaches (Options 6A, 6B and 6C), the favored configuration and
the one examined during the study was based on Option 6A. This configuration
was believed to reflect a minimum modification to the baseline 4-man concept
in terms of module design and subsystems and would therefore represent the
lowest cost approach to increasing crew size for specialized missions.

Figure F-2 is a conceptual inboard profile of this approach, *

CR28

EXPERIMENT CREW OFF-DU1Y CREW SLEEP
CONTROLS EQUIPMENT COMPARTMENTS

PRIMARY

CONTROLS g'%gg%é"

AVIONICS (TYP}

EMER EC/LS ’ ' A viewpoaT

+ THASH MGNT L ' = BATTERY INSTL.

EMERG. SECTION A-A
AIRLOCK

EVA AIRLOCK

THRUSTER TC

- EVA/AIRLOCK
MODULE HATCH (1M DIA}
{2 PLCS) T

V':-;"f‘;ﬂ‘; "\ TRASH
Low ROTATING ARRAY 1. o 3 MGMT
ARt MECH B AN‘I‘ENNA '
RGO BATTERY INSTL STOWED} BA TTERY INSTL.
= L HORIZON {TYP 4 PLCS)
SENSOR
PAYLOAD

LOGISTICS SUBSYSTEMS HABITABILITY

MODULE ~—— 1" MODULE  ~— 1" MODULE T MODULE/

122.7 FT}

- CORE VEHICLE
(50,5 FT)

Figure F-2. MOSC 6-Man Growth Configuration

The recommended six-man ECLS capability (See Table F-1} included fully
redundant subsystems. Dual atmospheric pressure and composition controls
are provided, but not atmospheric gas storage. However, the storage tanks
are arranged in two banks installed in a single plane to preclude inadvertent

loss of the entire supply. To meet the needs of the additional crewmen, the

*An engineering drawing of this inboard profile appears at the end of this

Appendix,
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Table F-1

ENVIRONMENTAL CONTROL/LIFE SUPPORT SUBSYSTEM
PERFORMANCE REQUIREMENTS SUMMARY

Item

Baseline
4-man MOSC

Growth
6-man MQOSC

Migsion Parameters

No. of Launches
Resupply period
Power concept

Design philosophy

Redundancy philosophy
Crew size

Growth goals

Numbe= of compartments

Emergency provisions

Single or multiple
90 days

‘Solar cells

Low cost and flexible

Not redundant

4

Expand to 6 men
2 minimum

4 days

Single or multiple
90 days
Solar cells

Flexible - excess
subsystem capacity

Fully redundant

6

Expand to 12 to 24 men
2 minimum

4 days

EC/LSS Performance
Characteristics

Atmosphere

Repressurization gas
storage

Atmosphere temperature
Atmosphere leakage
Humidity level - dewpoint
Metabolic O, consumption
Carbon dioxide production
Metabolic rate

Crew potable water intake

Crew wash water

Thermal Characteristics
Heat load

Wall temperature limits
Vehicle orbital orientation

Thermal capacitance

Air -14.7 psia
Largest compartimment

65 to 80°F

3 lbs/day/compartment
43 to 60°F

1. 85 1b/man day

2.18 1b/man day

560 Btu/man hr

6 1bs/man day

4 1bs/man day

Electrical + crew +
chemical

60 to 105°F
Any

For orbital fluctuations

Air -14.7 psia

Largest compartment

65 to 80°F

3 lbs/day/compartment
43 to 60°F

1.85 lIb/man day

2.18 Ib/man day

560 Btu/man hr

6 lbs/man day

4 lbs/man day

Electrical + crew +
chemical

60 to 105°F
Any
For orbital fluctuations
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Table F-2 (Page 1 of 2)
6-MAN GROWTH MOSC ENVIRONMENTAL CONTROL SYSTEM EQUIPMENT LIST

Fixed Equipment

Expendables

(90 day)

No. Weight Volume Power Weight Volume
Equipment Items Req'd (1B} (££3) {watts) (1b) (£t3) Location
Oz and N Storage 6 2,585 100 0 1,616 100. SM/LM
Repress Air Storage 2 810 31 0 400%* 31. SM, 2 large mod. /LM
Oxygen Pressure Regulation 2 40 0. 4 0 0 LM, dual gas supply
Nitrogen Pressure Regulation 3 60 1. 6 0 l1in LM & 1 in SM dual
gas supply
Atmosphere Pressure Control 2 56 1.2 48 0 0 SM
Cabin Dump and Relief 20 0. 36 0 0 1 in each module
Airlock Pressure Control 1 0.1 0 0 0 HM airlock
PLSS Recharge 1 .5 0.02 0 0 0 LM
Cabin Fans 2 72 +. 606 0 0 I eachin HM & SM
CO, Control 2 18 11.0 6 1,604 80 SM/LM
Humidity & Temperature 2 70 2. 36 0 0 1 each in HM & SM
Control
Water Separation 2 22 .6 88 SM
Distribution Ducts & Control Set 137 15 0 0 All modules
Valves
Avionics Fans 2 32 2. 486 0 0 1 each in HM & SM
Avionics Heat Exchanger pd 92 3. 6 0 0 1 each in HM & SM
Contaminstion Monitoring 2 66 1 100 0 0 SM
Fire & Smoke Detection 2 24 0.8 40 0 0 1 each in SM & HM,

#=Not normally used
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Table F-2 (Page 2 of 2)
6-MAN GROWTH MOSC ENVIRONMENTAL CONTROL SYSTEM EQUIPMENT LIST

Fixed Equipment

Expendables
(90 day)

No. Weight

Volume Power Weight Volyme

Equipment Items Req'd {1b) (ft3 Y (watts) (1b) (ft3) Location
Fire Suppression 2 60 1.8 0 o 0 1 each in SM & HM
improved
Water Recovery 2 400 10 86 47 2.7 Redundant units in SM/I.M
Catalytic Burner 2 160 8 180 40 1.8 SM/LM
Water Dispenser 2 30 2 39 0 0 HM
Coolant Water Circulation 2 20 0.6 53 0 0 SM
Radiator Circulation 2 40 1 274 0o 0 SM airtight compartment
Interloop Heat Exchanger 2 60 4 0 0 0 SM airtight compartmnent
Thermal Capacitors 10 275 2.5 0 0 0 SM airtight compartment
Regenerative Heat Exchanger 2 - 30 2 0 0 0 SM airtight compartment
Crew Prebreathing & 60 2. 0 0 0 Airlock Area -
Cold Plates 16 135 4, 0 0 0 4 in SM, 2 in HM &
10 for thermal capacitors
Portable Life Support 6 618 43 0 HM airlock
Emergency Pallets 2 1,400 13 0 0 0 2x6 men for 96 hrs
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growth configuration will have higher weight, volume, and power requirements
than the baseline. It is also anticipated that additional radiators will be
located on the experiment or logistics module surfaces to accommodate the
higher vehicle power and heat dissipation requirements caused by the two

additional crewmen.

Although an oxygen recovery subsystem was not assumed for the growth con-
figuration, serious consideration should be given to this option. The larger
crew sizes, especially up to 12 men, would make oxygen recovery an attrac-

tive feature., The preliminary ECLS equipment list is presented in Table F-2.

The growth characteristics of the six man ECLS system as compared to the

four man baseline are summarized in Table F-3.

As noted, the 6-Man Growth MOSC configuration is similar to the baseline
except for additional crew provisions and crew expendables, plus added
capability in data management for increased payload support. The launch
mass would be 34, 932 lbm (15, 845 kg} on the first flight plus the Docking
Module which would be a total of 37,132 lbm (16, 839 kg). This mass would
reduce to 36, 664 lbm (16,527 kg) for landing if only normally expended gases
and fluids were vented overboard. This is over the 32, 000 1bm (14, 515 kg)
Orbiter-imposed landing limit but this configuration has over 7, 000 lbm
(3,175 kg) of logistic options {Tables F-4 and F-5) which could be shifted

to other modules on other launches if the 32, 000 lbm figure remains firm.
Since the nominal mission duration is five years or greater, this would not
seem to be a limiting factor. The second launch configuration is about
2,400 lbm (1, 089 kg) more than the Baseline for a total launch mass of
26,817 lbm (12, 164 kg) exclusive of the crew and the Docking Module.

Table F-5 summarizes the mass distribution. Figure F-3 illustrates cargo

bay installation and Orbiter X, CG stations for both landing and launch.

A more detailed mass breakdown is presented in Table F-6 and is categorized

according to the elements appearing in the MOSC Work Breakdown Structure,

F-8
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Table F-3

ECLS CHARACTERISTICS FOR GROWTH VERSION
AS DELTA'S FROM BASELINE

Fixed Equipment

" 90-Day Expendables

MOSC Weight Volume Power Weight Volume
Configuration {1b) (£t3) (watts) (1b) (£t3)
Growth +1937 +78 +257 +1131 +66. 8

F-9
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Table F-4
SIX-MAN GROWTH MOSC MASS SUMMARY

Mass (Ib}) kg

First Launch - Core Vehicle Second Launch - 90-Day Logistic

Subsystem/Consumables Subsystem Habitability Loagistic Payload
Description Module Module Module Module
Structure /Mechanical 4,279 5,496 4,977 4,762
Environmental Protectior 323 575 195 489
Electrical Power 4, 465 1,380 30 30
Propulsion 169 103 1,190 --
Data Management 1,532 1,409 212 798
Communication 323 826 86 17
Stability and Control 2,146 -- -- -
Environmental Control and
Life Support 1,916 908 4, 351 144
T Crew Accommodations 967 2,877 3,525 169
° Subtotal (16,120) (13,574) (14, 566) (6, 409)
Contingency 1,930 1,576 2,153 641
Inert Mass {18, 050) {15, 150) {16, 719) {7, 050)
Residuals/Reserves 144 1,120 1,363 227
Inflight Losses 468 -- 1,458 --
Module Total 18, 662 8, 466 16,270 7, 380 19,540 8, 864 7,277 3,301
Launch - Nominal 34,932 15, 845 26,817 12,164
Decking Module 2,200 998 2,200 998
Crew/Equipment - 2,250 1,020
Launch - Total 37,132 16,839 31,267 14,180
Discretionary Payload -- 2,191 994 =
Landing - Total 36,664 16,627 % 32,000 14,512 *
#*Weight of items which can be shifted to an altzrnate launch




Table F-5
SIX-MAN GROWTH MOSC MASS SUMMARY FCR OPTIONAL LOGISTICS DELIVERIES

First Launch Second Launch 90-Day Logistic

Subsystem Module Habitability Module Logistic Module

Subsystem /Consumables Logistic#* Logistic* Payload
Description Basic Options Basic Options  Basic Cargo Module
Structure /Mechanical 4279 - 5496 - 4977 - 4762
Environmental Protection 323 -- 575 - 195 -- 489
Electrical Power 3625 840 540 840 30 -- 30
Propulsion 169 -- 103 -- 20 1170 --
Data Management 1532 -- 1409 - 212 -- 798
Communication 323 -- 826 -- 86 - 17
Guidance and Control 196 1950 - - - “a -
Environmental Control
and Life Support 1916 -- 908 - 149 4202 144
I Crew Accommodations 834 133 686 2191 152 3373 169
Subtotal (13197) (2923) (10543) (3031) (5821)  (8745) (6409)
5987 1326 ) 4782 1375 2641 3967 2907
Contingency 1429 501 1054 ' 522 582 1571 641
Inert Mass (14626) (3424) (11597) (3553)  (6403) (10316) .  {7050)
6635 1553 5261 1612 2904 4679 3198
Residuals/Reserves 144 - 1030 90 92 1271 227
Inflight Losses 468 -- -- -- -~ 1458 --
TOTAL MASS (15238) (3424) (12627) (3643)  (6495) (13045) (7277)
6912 1553 5278 1653 % 2946 5917 3301
Module Total Mass (1b) kg 18662 16270 19540 7277
8466 7380 8864 3301
Total Launch Mass 34932 26817
with Options 15846 12164
Total Launch Mass 27865 33884
Without Options 12640 15370

#*Weight of items which can be shifted to an alternate launch
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Tahbhle F-6

MOSC SIX-MAN DETAIL MASS SUMMARY 90-DAY LOGISTIC CY1

wBS

Subsystem Module (SM)

SM Logistic Options

Habitable Module (HM)

HM L«

03-02

23-10

03-05

03-09

03-07

Structure/Mechanical
Primary Structure
Fwd Conic
Fwd End Plate
Cly-Basic
Aft End Plate
Aft Conic
Hatch/s
Fittings (Hard Points)
Tusret/Tunnel

Secondary Structure
Racks/Supports
Overhead Structure
Floor Supports
Floor
Subfloor
End Closure Floor
Airlock

Docking

Environmental Control
HPI
Rack Insulation
Radiator/Meteoroid

Electrical Power
Solar Panels & Gimbal
Mount
Batteries
Power Regulation & Control
Power Conditioning
Power Distribution

Propulsion
N, Tanks
Thrustor Modules
Distribution/Controls

Data Management
Subsystem
Data Processing
Instrumentation
Display & Controls
Experiment
Data Processing
Display & Controls
Wiring

( 4279)
28R6
467
134
732
134
494
172
100
653

913

{ 323
195

128
( 3625)

2375
420
300
470

60

( 169)
156

13

{ 1532)
1326
558
262
506

ceee
PRy

206

}

840)

840

( 5496)
2935
467
1464
134
494
258
118

1648
129
154
172
436

687
913

( 575)
319

256

( 540)

ca-

420
90
30

( 103)
90
13

( 1409)
318
60
132
126
766
476
290
325

( 8400

*Incresse over Bageline reflects additional capability provided for 2 additional crewmen.
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Tahle F-6
(-MAN DETAIL MASS SUMMARY 90-DAY LOGISTIC CYCLE

;glstic Options Habitable Madule (HM) HM Logistic Options Logistic Module LM Cargo i Payload Module
( 5496) ( ) ( 49717) ( ) ( 4762)
2935 2571 2251
467 467 467
ceen 134 134
1464 732 732
134 134 134
494 494 494
258 172 172
118 218 118
220
1648 580 685
199 199 nen
154 77 17
172 86 172
436 218 436
687 .-
913 1826 1826
( 578 ( ) ( 195) ( )] { 489)
319 195 319
256 vran 170
( 540) ( 840) { 30) ( ) ( 30
840 420 840
90 S
30 30 30
( 103) ( } ( 20 ( 1170) { }
1170
90
13 20
( 1409) ( ) ( 212 ( ) ( 798)°*
318 132
60
132 .- 132 veus
126
766 346
476 231
290 - ---- 315
325 80 252
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Table F-b

W

| Subgsian totule 5) |

SMilogistic Qptions

Hahitable Morlule (RM)

1M Logistic Options

PRf ey deeqnumpdabions
Restiints

fethess
Stawage Cantainets
Hleep
£850/G
EIC
By 4

Handeails

&rew Life Support
flygiene
- Usine Tunks 5)
Feecpl Fanks 4)
Waste Minpgement
Supt.
Conspmalies
Sink/Dryer Assy

Food Managemant
Aveq, Chiller
Water Heaer
Mensils
Food
Foud Stowage

Honsekeepineg dsec

Hysiene)

Frash Mpnagement
Lompactor
Conpisier
Bugs & Liner
Seppart

Waler Mapagenent
Water §eparaticn
Water Recovery (2)
Yater Dispenser
Initial Water Supply

Botile

Cargo Handling
Furnishipgs
Pastitions
Borrs
£onagles
’giw {sge SHueryre)
RHIRIERL
? Tﬂhlﬁ&
Pesks
Brnks
Baint ,
Hehting - Inerinr
Fighting - Exiering
Peeking
Grisntating
Arfuisitian
Beserpal Grar
Persanal Hygiene
Barment
Bedding
Miserilanenys

’ Bartabie Life Bupt.

. s

IGUE Fed M 02 Mask

"Lﬁr e IVAIEV A Life
Syppart

YA Suppest

Bressie Syl

Boen

¢ bam

20

20
565 |
W
123

2

422 T
22
400

14
238

in

120
40

3

m

A

ORIGINAL PA

OF POOR QU

ITY

133)
46
68

5

- $86)

30

30
201

164
161

EEEEN

30

16
445
154 *
Kii]

122
17
80
25
17
30
g2
32
0
40

€ 2191)
138
138

200

18]

840
18
204
"6l

61

*Remavad of wardsanm and replacement with twa additional crewguarters appreximate same weight as in Baseline afiowance.
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Logistic Options

Logistic Module

LM Cargo

Payload Module

138
138

201

181

144

20 ----

20

840
18
204

618

618

aena

ceme

(

15

20

20

aase
vron

e

20
112

10

10

92
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20
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{ 3373)

3373
649
130
52
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273
1852
370

182
83
20

47

47
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awnn

(
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Table F-6

WBS

Subsystem Module (SM)

SM Logistic Options

Habitable Module (HM)

HM Logistic Options

03-06

03-08

03-03

Communication
S-Band
Antennas
RF & Signai Processor
Ku-Band
Antennas (Hi-Gain)
RF & Processor
Internal Cémmunication
Wiring

Stabilization & Control
CMGs (3)
Horizon Sensor
Solar Sensors (2)
Star Sensors (2)
Rate Gyros (3)
Wiring

Environmental Control & Life
Support
Equipment Thermal Control
‘Cold Plates
Avijonics Fan
Plumbing
Heat Exchanger
E.C. Personal
Atmosphere Supply &
Cont.
Repressurjzation 0,
& N, Bottles
0, &N, Storage
Bottles
Cabin Dump & Relief
Pump Down
Accumulator
Pressure Control
Pressure Regulator
(N2 & 02)
PLSS Recharge
Fans
Atmosphere
Reconditioner
Air Temp. & Humid.
Cont.
Contaminant Control
CO2 Removal
Airlock Pressure
Control
Catalytic Burner
Fire Control
Fire & Smoke
Detection
Fire Suppression
Ducting & Plumbing
96-Hour Pallets (Inerts)
Radiator Thermal Control
Radiator Recirculation
Radiator Control Assy
Interloop Heat
Exchangers (2)
Thermal Capacitors
Regenerative Heat

\ Exchanger

( 323
2714
22
252

[

( 196)
s
120
16

( 1916)
192

1299

glo

56

40

36

261

35
66

160

42

47

425
20
40

60
275

30

12
a0

{ 1950)

1950

( 826}
60
60
685
525
160
20
61

{ 908)
91
17
16
10

797
43

42

42

50
620

20
20

36

35

12
30
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Table F-6

Habitable Module (HM)

HM Logistic Options

Logistic Module

LM Cargo

Payload Module

{ 826)
60

685

61

( 908)
91

197

20

60

525
160

17

10
48

43

42

35

42

12

50
620

20

( 86)
52
22
30

-

{ 149)

149

67

42

40

( 4202}

60

12
30

4202
2580

1622

( 17

PR

( 144)
30

114

3s

32

esae

-

35

sssa

12
20
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Table F=6

WBS Subsystem Module (SM) SM Logistic Options Habitable Modute (HM) HM Logistic Options

u3-04 Crew Accommodations (Cont)

{cont} Crew Support veen S —ees 1012
Medical 150
Recreation/Exercise 190
Flight Ops Gear 672

Subtotaled Mass (LBM) [13197] [2923] [10543) [3031]

0000  Contingency { 1429) ( 501) ( 1054) ( 522)
Structure/Mechanical 24 ene 82 ce--
Environmental Protection 65 .-ee 115 -
Electrical Power 363 84 54 84
Propulsion 17 a-e- 10 ceee
Data Management 306 ..ee 282 .
Communication 65 PR 164 .
Guidance & Control a9 390 e een
Environmental Control &

Life Supt. 383 178
Crew Accommeodations 167 27 137 438
Misc anaas 32 e

Inert Mass (LBM) [14626] {3424] [11597] [3553)
Residuals/Reserves { 149 ( ) ( 1030) ( 90)

Atmosphere 110 .u 184 .
Propetiant Trapped 5 . ceee —aae
Radiator 22 —-en 43 aven
Cold Plates 7 .--- 2 cnes
Water mee ceaa 90
96 Hour Pallet cee 801 e

Metabelic O3 suus 222
Water ceaa 579
Metabolic O3
Inflight Losses ( 468) ( ) ( ) ( )

Leakage 18
Repressurization 400
Propellant 50

Total Mass (LBM) [15238] [3424] [12627] {3643)




VORI e L

,ogistic Options Logistic Module LM Cargo Payload Module
1012 “en ceen ——-
150
190
672
(58211 [8745) [6409)
{ 582) (1571) ( 641)
29 “--- 34
.—-- 39 —ee- 98
84 3 mee- 3
e 2 117 seen
cean 42 —-—-- 160
ceen 17 “.-- 3
. 30 840 43
438 30 614 34
waen 390 a—na 266
[6403] (10316} [7050}
( 92) ( 1271) ( 227
. 92 ea- 184
cae- [R_— 101 sene
.ee- .e-- 43
90 cee “eee
1170
( ) ( 1458) ( )
450
1008
[6495] [13045] [72771
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Appendix G
COMPUTERIZED MASS PROPERTY LIMIT ANALYSIS
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Appendix G
COMPUTERIZED MASS PROPERTY LIMIT ANALYSIS

In addition to the mass summaries of the Baseline MOSC configuration
appearing in Section 5.1, an analysis of a typical configuration buildup was
made, utilizing an MDAC H250 computer program. Nine steps or discrete
points in time were examined and included the incremental addition of experi-
ment modules, logistics modules and a 650 ft diameter (200 meter) 25, 000 b
(11, 340 kg) Radio Astronomy Telescope. These nine steps are as follows:

1. Habitability Module plus Subsystem Module {Launch 1}
Above plus Logistic Module (Launch 2)
Above (No. 2) plus Payload Module {Launch 2)
Above (No. 3) less Logistic Module
Above (No. 1) plus Telescope Mast
Above (Mo. 5) plus Logistic Module
Above (No, 6) plus Telescope Antenna
Above (No. 7) less Logistic Module

Radio Astronomy Telescope alone

NI S L I TR Y

The mass values on the following pages (Table G-1) are representative only
and in some cases vary slightly from the final mass syunmaries of the indi-
vidual modules as reported in Scction 5. The intent of this analysis was to

illustrate the conceptual feasibility of the design approach only.

Specific characteristics of the resulting cg's, moments of inertia, products
of inertiz and direction cosines can be expected to change slightly as more

detailed design information becomes available.
In the following tables several points of clarification are necessary: the H250

computer program prints H for the longitudinal cg (X}, V for the vertical

(Zgy) and L for the lateral (Yo). Figure G-1 references the coordinate axes

G-2
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and reference station employed for these cases, In addition to the weight
summaries, and resulting cg's, the moments of inertia, products of inertia,
direction cosines, and principal angles are included. Again, the reader is
cautioned that these values are preliminary as this was a top-down approach
to investigate total mass properties and each module was assumed to have a

small centerline offset, as would be the case with actual hardware,

G-3
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Table G-1 (Continued)

b2o3

TWEIERY T 3X4106,6C
RedRNM 2BT,04
VeliRM oGy 57
LesRM oo 0,15
RELL ®G1  9,1172630Ee1C
Yaw MI} 0,7387CSEEDY
PITGH MOT 7 "7 G,7580742Ee59
ASLl POt ' »___mr?|1‘55192E-1§7
Yaw PGC! 0,745C%a4E=D08
FITeM POI J.E4T2430Ee(7

FROGHAHOOVEHICLE YASS PREFERTIES TETERV!BAT]GL
FRINCIPAL® AXES DATH T
CU&FIGURA?IUN 1
LOHASS -
KRoHES
INCHEZS
{NCHES N T T T T T T T T T T T T T s

LBIINZ 0-25309635*06 SL-FTE

LE/ZINZ2 0115944126404 SLeFT2
LB/INZ ~ Ga2627094E¢26 SLeFT2" T

LS/1N2 =0.3140BB6E 14 SL=FT2
LB/ZINZ 0.1608134E~11 SLeFT2
L3/162 G.53TSE16FCT SlwFi2 T T

FRINCIPAL POI L 0,4372824Ee10

. mezg e . ,
FrihaiPhy anGuil FROF eH&

FRINCIZAL 0T 2 0,7338355E39

SLncBYLea ZIGINES CCi-a8 3,983 7774E=52 - CCsve 0.9999E§§§:EB COSEfﬂHD:1!13;§5Ef17

PAIRSIRAL ¥31 3 0,754074ZEC9
SISLITION COSINES CiSta  04a775021E=16"
FRINMCIFAL ANGLES

CESATZRATICN COSF, a 0,3073525E«01

¥IEL ERIWTE FASES PRIPERTIES 4=12«75

i

ECTION TOZINES CoGha  J,79G¥EIRE0

FRG» +ke 50,87 DEG

FREr «Wm §C,00 DEG

LEZINE 0.2530594E+06 SLeFT2

COSVR =G ,5697776En(2 COSLY «D,L783C83E16

3,33 CEG " FRCM eve 90,33 DEG— FRUM VLI 9070 DEG

LS/IN2 ©.1594382E«LE SLeF T2 T

LB/IN2 11627594E28 SLeFT2
T GUSVE e 19545817 COSLE [.1000000Eegr—

FRCM #va $0,00 DEG ~FROM +L3 0,00 DEG

(IPMAX®IPMIDI/Z m C.D8I34G4Ee0F LB/IN2) 0,2079294E¢08 SLeFT2
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Table G=1

(Continued)  y3u3 PROGRAM-eVEK]CLE ¥ASS PROPERTIES DETERMIAATION

“PRINCIPAL AXES “DATA”
CONFIGURATION 2

T HEIGKT
He ARHM
VeARM

“50550,00 LBMASS — - N
43%,05 INCHES
=0,72 INCHES

L=ARN CoTTmTe =0,28 INCHES ) T T T T T T o m e e e

YAR MOI
“TPITOM M01

__Roeb POl

YAl POY
" PITCH POI

PRINCIPAL
DISECTION
PRINCIPAL

PRINCIPAL
LIRECTION
FRINSIFAL

FRINCIPAL
T DIRECTION
PRINCI®AL

AQLL MOi 0,1224170E430 LA/IN2 0.2642230E406 SLeFT2

0,3422680E«10 LB/IN2 0,6739994E08 SLeFT2
TG, 31941616410 LB/ IN2 T 0680794406 SLaF T2
_£,5461502E404 LE/INZ  0,1183128E%01 §LefT2
®0,5491047€407 LB/IN2 =0,118%192E404 SLeFT2
© 0,3129034E406 LB/INZ 0,5753708E%32 SLefT2

MOl 1 0,3154177E410 LB/IN2 0.6307978E+36 SL=rFT2 o
COSINES COSHx  {,2845124E=02 COSYs =0,2022548E=03 COSLY D.9599959EapC
ANSLES ~  FROM +Ke 89,84 DEG™"FROM &YW 90701 DEGFROF LW 77167 DEG

— - e e . e ———— et e s e

Ol 2 0,1224155Ee10 LB/INZ 0i2642217E36 SLeFTZ ~~
COSINES  CCSKe  0,9999959E400  COSVS  0,1648051E«03  COSL® «0,Z645091E=02
ANGLES FRO¥ e#a  §,16 DEG  FRCM Ve 85,99 DEG  FRCM oL $0,36 DEG

P01 S 0,3122680E20 LB/INZ 0.6739594E+06 SLeFT2
COSINES ™ COSHa 0;1642285E-U3 COSV {7U0(UILOESI0COSLF ;202762903
ANGLES  FROM #Hw 92,01 DEG  FROM eVe 0,04 DEG _ FROM oLs 89,99 DEG

_ DESATYRATICN GOEF, 5 0,1215320€403 (IPHAXIPHID)/Z & 0.3138423E620 LB/IN2, 0.6773988E¢06 SLeFT2 -

MOSC GROWTH MAES PROPERTIES Ael2e?5 ‘ . BAGE ¢ 2
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Tabl -1 i
ble G-1 (Continued) ,uy paotaanesVEICLE HASS PROPERTIES DETERRINATION |

“- ITEM DESCRIPTION ~ WEIGHY W ARMTTV ARM™™ [ ARM™ ROLL L8 ~~  YAW KO} TOPITEH MOP
10, KAS MOLULE 160¢0,00 165,00 =1,20 0,10 ©,3221500E+08 0,13791C0E«09 (,1479500E+09
.28, TURRE?T i 720,00 513,00 0+40 0«10 0.9800000E«07 0,2186400E408 (,2346400E408
30. BSOLAR ARRAY 2375,00 513,00 0,10 GsdD 0,1104000E*10 0,3580000E*#07 0.3YEOQ0DEQ?
.40, BER MODULE 14195, 00 381,00 =000 0:30 0,31583C0E*p8 0.4977000Ee08 (.55p5100E%08

—8, T LOGISTIC T T 4TBEQ.00 723,00 4,00 =100 UiD134400FEe08 0, 2206800E009 T 0,23875G06¢0
41, EXP 2M $1420,00 =97.00 =1,00 1,00 0.5154400E%08 0,2777700E¢07 ©.2800000E207

S BONFe T T3 T TOTAL T 8244000 340 96 w0 7Y w005 0127573 LEeI0 0, B804317E«10 0, 5032007Ee10

SLefT2 SL=FTZ2 SLefFT2

T Z7535ICESTE  0,12532798%07 5.1260

TTHESE GREWTR MASSTPRCPERTIES 4=12«75 “FAGEA S
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Table Ge=1 {Continued}

HRY3 Pnoanau--vEchLE MASS PROPERTIES DEYERMINATION

RINCIPAL AXES DATA
GOhP:GUHATIDN 3

T HEIGHT
He=ARM
V=ARM
L=ARM

__NOLL KoL

YaW MO]

e — .0'05 INCHES

"62410,00 LBMASS
340,96 ]NCHES
=0477 INCHES

0,1279733E¢30 LB/IN2 0a275353BE+08 SL=FT2

0,580685PE+10 LB/IN2 D.1273279E*D7 SLeFT2

TTPITCH MO T O/ B3BODTESAD LB/INZ Qi1 200076ES0Y SLAFTR

__hoLL Pey

8,2098201E404 LB/INZ 04452B758E+00 SLeF T2

Yaw PO}

URITEH POY

PRINCIPAL
DIRECTION
T PRINCIPAL

PRINCIFAL
DISECTION
FRIMEIPAL

PRINCIPAL

— DIRECTION

PRINCIPAL

«0,1486924E008 LB/ INZ #8,2966375E004 SLoPT2

T 0,1730617E407 LB/IN2T 04 3735385E403 SLeFT2

MOl 1 9,5838038E10 LB/INZ 0.12600B2Fe07 SLeFT2

CQBI&ES COSKs  0,2606042E=02 COSVS =0,2096302E=03 cosLs 0, 99'9966&0&3

ANGLES ~  FROM #Hw 839,85 DEG~— —FROMSYI 90, 0% DEG——PROM [ 0,19 DG

M1 2 0,5275699E410 LB/INZ 0,2783469E406 SLeFT2 T o s
COSINES  COSha 0,99999456+00  COSVs  0,3819634k=03  COSL® =(.2608962E=02

ANCLES FRQM ¢Ws 0,15 DEG FROM +ve 89,98 DEG FROM «_® 90,15 DEG

¥OI 3 0,58Q5218E410 LBIIN2 U|1:9327FE*37 SL=FT2

CCSINES ~~"COSHS o0, 36141558503 COSVI U i9999979Es00 COSLe T 2T0544VESD3
ANGLES ~ FRCM #H® 90,02 DEG  FROM oVm 0,02 DEQ . FROM eLw 89,99 DEG

_ DESATURATICN COEF, e 0,28849308+03 (IPHAX#IPKID}/Z & 0,5822278E440 LB/IN2, 0.1256681E+07 SLefT2 -

MCSG GROWTH MASS PRCPERTIES #=12e78
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Table G-1 (Continued) ony proaRAwa=YEHICLE MASS_PRCPERTIES DETERMINATION

ITEM DESCRIPTION WEIGKT W ARM™V ARM

TARF™"ROLL MCI 7 Y4k FOI 7 PITcH HOI ™

13, HAE wODULE 160£0,00 145,00 =1,20 0.0 0Q,322L50GEec8 (,1379100E+09 0,1475500E09
© 28, TURRET =~ T C7BB.00 T 583,00 T 0430 70,10 " U,9800000E407 T 0,2186400E408 T£,21664002408
b, SOLAR ARRAY 2378400 513,00 010 0s10 0.110400CE*10 (.3980000E*07? {.39€0000E+07
40, SER KODULE 14195,00 381,060 =0.00 0,10 0,315830CE«pE 0,4977000E*08 0,5505100E+08
8Ly T EXPUIN T 11404500 ®97,00 #1700 X 00 O »I54A0GESTE 0, 2777706E*07 0 2800000E¢07

_CONFu 4 TOTAL 44330,00 391,34 =0,68

0433 0,1224183E¢10 0,20137476#10  0.2029138E410

SLeFT2 SLeFT2 SLeFT2
O 2642234EeD6 ([, 43464736008 . 4379692E06

X e
- e -—
"MOSE GROWTH MASS PROFERTIES #%12=75 “TFASETA 4
e S e e P B A s R e L B it S S L . - - .

e R
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Table G-1 (Continued)  , 55 pRogRAH==VER]ICLE MASS PROPERTIES DETEPMIMATION

—PRINCIPAL AXES DA
COXFIGURATION ¢

T HE1GHT 44830,00° LBMASS

HeARM 191,14 INCHES

VmARK w0488 INGHES )
T LeARM T T T 0,83 INQHES T T T T - R
___ Rout Mog 0,1224163E¢30 LB/IN2 012642234EC6 SLeFT2

YAW KOl 0,2013747E10

TTRITER PO T T 0,20293368e10°

ROLL POL __ =0,3333698E404

LBZIN2 (D.4345473E+08 SLeFT2

LB/INZ  0:4379692E+(6 "SLeFT2
LE/IN2 »0,7452288E+00 SLeFT2

YaW FOT ®,296154CE«07
PITCH PGI - -~ "0,3895987E407

LB/IN2 «D,63F2171LE*QY SLeFT2

LB/IN2 "018409100E+03 SLeFT2

_ PRINCIPAL MOT 3 0,2029149E10

LB/IN2  0,4379716F¢06 SLeFT2 ) o

DIRECTIQON COSINES COSHs 2,36B2439E=(2 COSVE =), 7163747E=03 CCSL® 0,9999930E«00

~ " PRINGIPAL ANGLES ™~ " FROM #HW 89;79'DEG”‘—‘?ch“ivu‘vUTUE‘nEE“‘“FRQH“rrx"“u;;:—nza

PRINGIFAL KO! 2 0,1224133Ee10 LB/INZ 0i2642169E40§ SLeFTR2 -~~~ """ " * " - _ -
 DIRECTION COSINES  CCShe 0,9999811E+00  COSVE  0,4933959E=02  COSL® =0,3678863E(2

PRINGIPAL ANGLES FRQM +N= (0,35 DEG FROM Ve 89,72 DEG FRCM «L® 50,21 DEG

PRINCIFAL MO1 3 Uth:S?ééE‘&O LBZIN2 D4346515E+0¢ SL=FT2

T DIRECTION COSINES ™ COSHs w0 493%289E=02  COSVE GV9yPa78ES 00— COSLY U 7395272603
PRINCIPAL ANGLES  FROF «Hw 90,28 DEG  FROM eVm 0,29 ORG  FRQM eLs 89,96 DEG

_ DESATURATION COEF, ® 0,153¢692E+03

{IPMAXSIPMINI/Z2 & 0.2021457E+10 LB/IN2y 0.43631158¢06 SLeFT2

NOSG GROWTH MASS PROPERTIES 4=12e79 : FAGE G 4
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Table G-1 (Continued)

HZ33 PROORAK==VEWICLE MASS PROPERTIES DETERMINATION

IYEM DESCRIPTION WEIGHT W™ ARM™ V ARM L ARWM TROLLTMOT T " TYAK MDY T TOFRITEH MOl
1h, VAB MODULE " 46060,00 185,00 «1,20. 0,20 0,3221500F408 0,13791005¢09 0,1479500E09
- 20, TURRET e 80,80 T 13,00 0410 " 0410 0,4330000E207 ~ [, Z166400E0F * 3, 21684006408 ——
30, SOLAR ARRAY 2375,00 513,00 0110  0.10 0+31G4000Z+10 0,39%000CE#0Y g,3933G00E+07
49, SER MOUULE 14459,00 3880 eD,Q0 De30 F23158300E+08 0.497730CE*08 (0.550%100ceqd
“-§2, EXP ANT PAST T 500,00 4200+900+00 Ti00 UsP427000E450 TeS7¢8D0CE415 T, 3763000410
. EONFy 7 TOTAL 58410400 95,72 =0,49  0.09 0,6399612E410 0,1413747EBe11 0,3417285Ee33
SL=FT2 SLeFT2 SLefFT2
e Bv1424464E+07 [0,.30557508¢07 0,3059068E«07
S
55
E]
wg- —— e — v m e —_— — m . me—
L
- ¥ S
&
EH
s ] . .
R

T MGSC GRQWTH MASSTPROPERTIES 4=12&75

FRGE &7
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Table G-1 (Continued) #253 PROGRAN=eVEHICLE MASS PROPERTIES DETERMINATION

RINCIPAL “AXES DATA
CONFIGURATION 7

—WEIGMT 38410, 00" LBHASS
K ARM 93,72 INCHES
VeARM GeA9 INCHES
~LeARM " ———=~""oo og,p9 INGHES T T
__RoLL MOy 0465996326010 LB/IN2  0:1424461E+87 SLaFT2
YAW MOZ 0,1415747E031 LB/INZ 0430557506407 SLeFT2
= PITEH MOT— " 7,1417285E411 LB/IN2043039068E407 SLRFT2 -
__ROLL P8l «G,2467452E403 LB/IN2 =0.5326184E=03 SLeFT2
YaW PO} 0,6478634E006 LB/IN2 0,1395344E403 SLeFT2
“PITCH POT 7 e0;12034616407 LS/IN2 w0i2897590E403 SLeFT2

__PRINCIFAL 01 3 ©.1417285Ee13 LB/IN2 0.3059068E+87 SLeFT2 o

DIRECTION COSINES COSNE ) ,B554471E=04 COSve  0,7353985E=05 cosLe 1.50000005000

T PRINCIPAL ANGLES _;"‘FRQH sH$ 90,00 DEGT  FROM™SVE S0 00 DEG  FROF ¥ T,07 DEG

FRINGIFAL POL 2 5,639961ZE+30 LB/INZ 011424464E407 SLaFT2 — e
_ DIRECTION GOSINES  COSWe 1,0000000E+00  COSVS «0,1592330E=03  COSL® 0,8554619E=04

PRINCIFAL ANGLES FRGM oHw 0,01 DEG FROM #Va $0.04 DEG FROM L« 90,00 DEG

ClPaL MCY 3 u.14157475*11 LBIINa 0+305573QE*87 SLeFT2

- DIRESTION COSINES ~— COSHa 8,1592336E«03—COSY¥ Ly 0UUUOUOERO0—COSLN T 928y 344E]5
PRINCIFAL ANGLES FROM eHw 29,09 DEG  FROM e¥a 0,01 DEG . FROM +Lw 50,006 DEG

__ EESATURATION COEF, w 0,7341804E03 (IPHAX®IPHID)/2 w 0.1416516E11 LB/IN2, 0,30F7409E+07 SLeFT2

MOSC GROWTH MASS PROPERTIES é=12e75 : PAGE C 7




Table G-1 (Continued) ;a3 pRoGRAM=eVEHIGLE MASS PRCPERTIES DETERWINATION

T YTEM DESCRIPTION THREIGHT H™ ARM™ TV ARK™ [ ARWM "ROLLTPOTT TYAW POIT PITCH MO~
10, MeE MOCULE 16060,08 165,00 =120 0,0 0,322150CEeCE 0,1379100E09 0,14799(C0ce0§
€0, TURRET T TTTTT 788400 T 43,00 U 0446 T 0430 TQ,4BG0000E$DTT 0,21664008408 " 0.2168400E+08
3¢, SCLAR ARRAY 2375400 513,00 0,10 0+340 0,1104000E%10 0.,352000CE*07 (.3980000Ee07
40, SER POCULE 141%5,09 331,00 =0.00 0.0 0,3158300E+08 D,4977095E%08 0,5505100E408
" Bl, TTLAGISTIC T 47580400 T2 00 wIvD0T RI 00 GeS1B4A0CES0E 0, 2206650EC0Y T D 23LTEQDESDY T
52, EXP ANT M4ST 2300400 *L200.00 G.00 0:00 0,5427000E*50 0,376E00CE*10 043768000E20
CONFe B - TOTAL ~~ "~ 59996,00 292,568 —=0y45 —aD RE 0 0651173Ee10 0,1912353E430 0. 171050254
SLeFT2 SL=FT2 SLeFT2
U I4SB5YUES0T  U.44C7525E+ LI L
N .- -
&
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Table G=1 i
able Ge1 (Continued) W233 PROGRAM=eVEHICLE MASS PROPERTIES DETERMINATION

PRINGIPAL "AXE§ DATA

CONF IGURAT{ ON
——WEIGHT 38990,00 LBMASS
HeARM 292,68 INCMES
VeARM =0,65 INCHES
T L=ARM TTTTTTT T T T T weé% INCHEST— T m v e
__RoLL MO1 0,6651473E010 LB/IN2 0414355908407 SLeFT2
YAW MO} 0,1912353Ee31 LB/IN2 (C.4127625E¢)7 SLeFT2
TRITCR ¥21 "0-1915502501119/!NE“UH!G“?OE‘U?'&L’-FH.
___ Aol Pey 0,6392633E404 LB/INZ  0,1379786E+54 SLaFT2
YaH POl w},7875225E407 LB/IN2 =0,1635037E+04 SLefT2
~-PITGN POT- -~ 0,5034933E407 LO/INZ =0i10E4740E+04-SLeFT2

_ PRINCIPAL MOI 1 G,31915502Ee31 LB/INZ  044134421E+07 SLeFT2

COSV® »0,1064558E=03 tosLe o, 999999!E¢un

g1’

DIRECYION CGSINES COSke 0,6057885E«03

© FRINCIPAL ANGLES =~~~ FROM *HW 89,97 DEG  FROMN VN 0 I DEG—— FROM LY D, 0# DEG

PRINGIFAL MOT 2 0,6831167E+10 LB/IN2 ~0.1435388E407 SLeFT2—— —— ——-— -
___DIRECTION COSINES  COSHe  0,9999997E+00  COSYA #3,4036872Ee03  COSL® »0,6058313E03

PRINCIFAL ANGLESR FROM sKs 0,34 DEG FROM eVe 90,02 DEG FROM +L» 99,03 DEG

PRINCIPAL MDI 3 ©,19123548231 LBIINZ 004127626E‘e7 SLeFT2

~— DIRFCTION COSINEE ccsar*u.40375155“03——"1:nsw—r9vwmewu—ws:-~rrunwzs-ua
PRINCIPAL ANGLES FROM #H® 89,98 DEG  FROM eVa 0,02 DEG  PROM sLw 39,99 DEG

_ CESATURATION COEF, w 0,7532446E+03 (1PMAX*IPHID)/2 m 0.3513926E411 LB/IN2s  0,4331523E07 SLeFT2
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Table G~1 (Continued

LD

JYEM DESCRIPTION WETGHT k ARH V ARM | ARM HOLL MOY Yaw MOl FITCH MG}
10, HAB POLCULE 16p60,00 165,00 »1,20 0,10 0,5221500E«08 0,1379100E«09 §,1479500E+09
20, TURRET 780,00 513,00 0+10 0,10 0,458000NCE*p? 0,2166400E+0R ,2166400k+08
.30, SOLAR ARRAY _._____ 2375,0D 513,00 610 0«30 D0,1104000E%10 §.,3980000E+07 p,3%80000E*07
40, SER MODULE 14193400 384,00 =0.400 0:1G 0,3156300F*08 0,4977000E¢08 (.5505100E%08
$0, LOGISYIC 17580,00 723,00 =1,00 1,00 OD,>15440CE*08 0,2276600E+0% 0,2367800t*09
.62, EXP ANT MAST - Bpod«00 »1200,00 0,00 000 0,42700QE+310 0,3768000%*15 0,376R000E+30

- 83, BXP 650F ANT 20000400 #360,00 0400 9.0C0 0,1273800E*12 0,2038100E012 0,203P100Ee32
.. CONFo .9 . TOTAL . . 75990,00...120,90__ _»0., 48 »0,39 0,1340312E¢12 0,2292110Ee12 0,2292425Ee12 ..
SLefT2 SLeFY2 SLeFT2
- — - 0,2892030Ee08 0,4947201F08 (,4947973Ee0B
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Table G=1 {Continued)™

WEIGHT
He ARM
VeARM
LeARM

ROLL MOY o

YAW MO]
PITGH MOl

ROLL PO1
YAW POI

PITGH POI

79990,00 LBMASS
120,90 ]NCHES
w0, 48 JNCHES

*0,19 JNCHES

0,2292110E412 LO/ZIN2
0,2292425E+12 LB/IN2

0,803H144E004 LB/INZ

w0,10802120E6408 LB/ IN2
#0,3131317€008 LB/ INR

0,4340312E032 LBZIN2

PRINCIFAL AXES DATA
CONFJGURAT]ON

0+2092930E408 SLerv2
Di4947291E408 SLeFT2
0449478716408 SLeFT2
0,1907626E+03 SLeF 12
«0,2162977E904 SLePT2
=04 2442404204 SLaFT2

P83 PRUGRaH-~UEHICLE "MASS PauPERTlEs DETSRH!LIYION

PRINCIPAL
DIRECTION
PRINCIPAL

PRINCIPAL
DIRECTION
PRINCIPAL

PRINCIPAL

. DIRECTION

PRINCIPAL

MOSG GROWTH MA3S PROPERTIES Avi2e7?

.ANGLES

COSINES____COSHe ..0,1188656E=03__ _ COSVe . .1,00000006+00. = _COSLY __0,2428580E=03

DESATYRATIAN GOBP, s 0,6040342E+04

MOJ & 0(2292425Ee%2 LB/INZ 0s4947971E¢ 0§ SLaFT2
COBINES ~ COSHs 0,1052234E#(3 COSVe w(,2428691Ee03
FROH oHB B%,99 DEG FRCM evp 90,08 DEG

COSL® 1,00000006«00
FRCM eL® 0,02 DEG = _

MO] 2 0,4340312E#32 LéllNZ 0.,2B92930€+08 SLefT2

GDS‘NES CoSk»  4,0000080E00 COSVe »(,13088401E=03 COSL® «0,10%52522E=(3

ANGLES  FRON eHm 0,08 DEG  FROM Ve 90,04 DEG  FROM eL® 90,01 DEG

MO 3 0,2292110Be32 LB/IN2 0,4947201E+08 SLeFT2

ANGLES FRQM oHe 89,99 DEG FROM eVe 0.02 DEG FROM oL2 89,99 DEG

(IPHAXeIPHID) /2 8 0.2292267E442 LB/ N2,

o ————s

D.49474831E08 §.=FT2
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Table G-1 (Continued) ™ ,z53 PROGRAMa=VEHICLE MASS PRGPERTIES NETERMINATION

JITEM DESCRIPYION
0, HAB MODULE

WEIGHT H ARM V ARM | ARM

16060,00 163,00 »i,20 0,30

26, TVARET 789,00 513,00  0:18 010
O 30 SOLAR ARRAY . __ 2375,00 513,00 - 0,10  0.10
=5y 40, SER MOCULE 14155,00 331,00 *0.00  0.10
5 62, EXP ANT WaSY 5000,08 #1200,00 0400 0400
555? 43, .EXP &5CF ANY 20000,00 360,00  0s00 0400
:ug CGONF, .10  TOTAL S8440,00 wé0,32 w0,32 0.06
o S . - — — - —— [
S ¥
G .
s 8
&%
o . o
8 - - - - - — -
HOBG GAOWTH NASS PROPERTIES 4wi2e?5

PP P T P Sy - S-S

ROLL MO}

0,3221500E08
0,4B00000F+07
0,1104000E%10
0,3158300F 08
0,2427000E+10
0,1273800E+12

0,1339796Ee12

SLeFT2
0.2891817Ew08

YAw MOJ

0,1379100E#09
0,21F6400E#08
0.3980090E#07
Be#977000E QR
0,3768000E*1§
0.203B300E*12

0,2206985Ee12

SLeFT2
0, 4763564E008

FITCH MO]

0,1479900Ee09
0.,216K400E08
0,3980000E+07
045505100608
0.3768000E#10
0,2038100E012

0,2207243Ee42

SLeFT2
0.,4763898E¢08

PAGE A 8




0z-9

Table G=1 {Continued)™  ,ouny pnasaan--v‘swé?kgtF:Es‘;ggpgnpes DETERMINAT1ON
e COMNFIGUPATION 10

WETGHT 58410,00 LBMASS
. HWeARM . »60,32 INCHES
Ve ARM =0,32 [NCHES
L=ARN 0,06 [NGHES
TUROLL MO T 0,4339795Ee12 LB/IN2 0,2891817EG8 SLeFT2 -
YAH MO 0,2206989Ee42 LO/IN2 0,47863566E408 SLePT2
PITCH MO1! 0,2207143Ee12 LB/IN2 0,47463898E*08 SLaFT2
TTROLL POl w0,B8113551E403 LA/IN2 »0,17%1229E400 SLeFT2 ’ T
YAK PO} 0,3169200E¢07 LEZINZ 0,2523602E403 SLaFT2

PITGH POI Q. “*bliﬁi&#@? LBllN2 -0:89521505‘33 SLafT2

PRINCIPAL MOY 1 0,22971436e12 LB/IN2 D,4763658E+08 SLuFT2
| DIRECTION COSINES ~ COSHs #0,1347784Ex0D4 COSve  (0,4911388E=04 COSL® 1,0000000Ee00
- PRINCIPAL ANGLES. ... FROM:+N® 90,00 DEG. _FROM evy 90,00 DEG  _FROM «L® 0,00 DEG

_ PRINCIPAL ¥0! 2 0,4339796Ee32 LB/IN2 0,2891817E+08 SLafT2 e
DIRECTION COSINES cosHe  1,0000080E=00 COSVe w0 ,4798799E=D4 GosLY o, 134&0205.04

PRINCIPAL ANGLES  FROM -¢H® 0,00 DEG  FRCY eva 90,00 DEG  FROM L= 90,00 DEG

PRINCIPAL MDI 3 0,220060089Ee32 LB/IN2 0,4763564E+38 SLeFT2
— DIRECTION COSINES. ____COSHa _0,47P8666Ew04 ___ COSVs __1,0000000E00 EOSLY »0,4911323Ex04

PRINCIPAL ANGLES FROM +Ke 90,00 DEQ FROM eVa 0.00 DEG FROM e«L® 90,00 DEG

DESATURATSON COEF, ¥ 0:11279598005 (IPHANSIPR]ID)/2 9 0-22010665*!2 LB/ZIN2, 0,4763732E+08 SLeFT2
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Table G~1 (Continued) ;53 PROGRAMe=VEHICLE MASS PROPERTIES DETERE{NATION

ITEM DESCRIPTION WEIGHT W ARM V ARM | ARM HOLL ™OJ YAW VO] PITCH MO] j

82, EXP ANT PAST 5000,00 =1200,00 0,00 0,00 0,5427000Ee10 0,3788000E+30 0.3763000Ee30 i

63, EXP 83gF ANY '20000,00 #360,00 0,80 0,00 0,1273800Ee12 §,2038100E412 0,203P100E12 ;

" CONF, 22 TOTAL 25000,00 528,30  0.00 0,00 0,132607CEe12 0,2104004Ee12 §,2104C04Ee32 :

SkefF T2 SLefFT2 SLeFT2 i

0,25866507E«00 (,4541284E008 0,45451284E408

3
E [/ V———
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