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PREFACE

The work described in this document was performed under the Space Station
Phase B Extension Period Study (Contract NAS8-25140), The purposc of the
extension period has heen to develop the Phase B definition of the Modular
Space Station, The modular approach selected during the option period
(characterized by low initial cost and incremental manning) was evaluated,
requirements were defined, and program definition and design were accom-

plished to the depth necessary for departure from Phasc B,

The initial 2-1/2-month effort of the extension period was used for analyses
of the requirements associated with Modular Space Station Program options,
During this time, a baseline, incrementally manned program and attendant
experiment program options were derived, In addition, the features of the
program that significantly affect initial development and early operating
costs were identified, and their impacts on the program were assessed,

This assessment, together with a recommended program, was submitted for
NASA review and approval on 15 April 1971,

The second phase of the study (15 April to 3 December 1971) consists of the
program definition and preliminary design of the approved Modular Space

Station configuration,

A subject reference matrix is included on page v to indicate the relationship

of the study tasks to the documentation,

This report is submitted as Data Requirement SE-03,
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Section 1
INTRODUCTION

1.1 BACKGROUND

With the advent of the Space Shuttle in the late 1970's, a long-term
manned scientific laboratory in Earth orbit will become feasible, Using the
shuttle for orbital buildup, logistics delivery, and return of scientific data,
this laboratory will provide many advantages to the scientific community and
will make available to the United States a platform for application to the solu-

tion of national problems such as ecology research, weather observation and

prediction, and research in medicine and the life sciences. It will be ideally
situated for Earth and space observation, and its location above the atmos-
phere will be of great benefit to the field of astronomy,

This orbiting laboratory can take many forms and can be configured to
house a crew of up to 12 men, The initial study of the 33-ft-diameter Space i
Station, launched by the Saturn INT-21 and supporting a complement of 12,
has been completed to a Phase B level and documented in the DRL-160 series,
This series of documents (DRL 235 series) define a modular Space Station
comprising smaller, shuttle-launched modules, These modules could ultj-
mately be configured to provide for a crew of the same size as on the 33-ft-
diameter Space Station- but buildup would be gradual, beginning with a small
initial crew and progressing toward greater capability by adding modules and
crewmen on a flexible schedule,

The Modular Space Station Phase A study results are documented in the
DRL-231 series. Recent Modular Space Station Phase B study results are
documented in the DPD-235 series,

The Space Station will provide laboratory areas which, like similar
facilities on Earth, will be designed for flexible, efficient changeover as

research and experimental programs proceed. Provisions will be included

i

for such functions as data processing and evaluation, astronomy support,
and test and calibration of optics, Zero gravity, which is desirable for the

conduct of experiments, will be the normal mode of operation. In addition




to experiments carried out within the station, the laboratories will support
operation of experiments in separate modules that are cither docked to the
Space Station or free-flying,

Following launch and activation, Space Station operations will be largely
autonomous, and an cxtensive ground support complex will be unnecessary,
Ground activities will ordinarily be limited to long-range planning, control of
logiatica, and support of the experiment program,

The Initial Space Station (ISS) will be delivered to orbit by three Space
Shuttle launches and will be assembled in space., A crew in the Shuttle
orbiter will accompany the modules to assemble them and check interfacing
functiona,

ISS resupply and crew rotation will be carried out via round-trip Shuttle
flights using logistics modules for transport and on-orbit storage of cargo,

Of the four logistics modules required, one will remain on orbit at all times.

Experiment modules will be delivered to the Space Station by the Shuttle
as required by the experiment program, On return flights, the Shuttle will
transport data from the experiment program, returning crewmen, and wastes,

The ISS configuration rendering is shown in the frontispiece, The power/
subsystems module will be launched first, followed at 30-day intervals by
the crew/operations module and the general purpose laboratory (GPL) module,
This configuration will provide for a crew of six. Subsequently, two addi-
tional modules (duplicate crew/operations and power/subsystems modules)
will be mated to the ISS to form the Growth Space Station (GSS) (shown in the
frontispiece), which will house a crew of 12,

During ISS operations, five research and applications modules (RAM's)
will be attached to the Space Station. In the GSS configuration, 12 additional

RAM's will augment those of the ISS phase. Three of the RAM's delivered to
the GSS will be free-flying modules.

1.2 SCCPE OF THIS VOLUME

This report is a summary of all significant technical results of the
Modular Space Station study. Description of the final design characteristics
is emphasized; the reader is referred to the detailed documentation for a
justification of the design and operational concepts presented., The topics of
this report are listed below together with a reference to assist the reader in
the location of the report where the subject is fully documented, Data con-
tained in this report arc presentcd using both International and English units,

However, this data was derived generally, in the English system of units,
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Section 2
PROGRAM DESCRIPTION

The Space Station program (sec Figure 2-1) consista of & five-year
development period and an extended operational period with provisions for
growtk during the operational period, For atudy purpoescs the operational
period is 10 years in duration and a growth step occurs five years after the
start of on-orbit operationa. The growth step conniste of adding two modules
to the basic complument of three to increase the crew capability from six to
12 men,

A rcpresgentative experiment program has becn defined in consonance
with the January 1971 Blue Book, Fourteen Research and Applications

Modules (RAM's) have been identified and scheduled in the 10-year program,

The 14 modules consists of three free-flyers and 11 attached modules (three

carly RAM's are refurbished and reused requiring a tctal of 17 launches), '
Orbital stay times of each module vary: the maximum on-orbit complement

at one time is nine modules,

2.1 SPACE STATION BUILDUP AND ACTIVATION {

ISS buildup and activation operations begin with the launch of the Space
Station power module and are completed with the delivery of the fifth and
sixth crewmen (as shown in Figure 2-2).

Two crewmen are delivered to orbit as Shuttle passengers with each
Space Station module delivery to perform predetermined checkout activities
of each module during the shuttle five-day on-orbit stay, The results of the

checkout determine the '"go' decision for leaving the delivered station module

or module return; the two-man activation crew then returns with the orbiter.
On the initial manning flipht, two crewrnen are brought up together with

the initial logistic requirements including carry-on equipment, consumables,

[~ SR S

and spares, Thirty days later, two more crewmen are delivered, building
the crew level to four, In another 30 days the Shuttle delivers the fifth and
sixth crewmen, establishing the ISS operational level,

N

IRV Y

On the first crew rotation Shuttle flight, two crewmen are brought up to
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Figure 2-2. Initial Space Station Builldup

rotate with the first and sccond crewmen, A Shuttle flight is scheduled every
30 days thereafter during ISS operations, rotating two crewmen on a nominal
crew rotation cycle of 90 days and bringing logistics as appropriate, An on-
orbit crew level of six is sustained throughout ISS operations until the 19th
quarter, when GSS buildup operations start,

The basic Initial Space Station (ISS) configuration, consisting of the Power/
Subsystem Module, Crew/Operations Module, and General Purpose Laboratory
Module, is shown in the frontispiece, Both the Power/Subsystems and the
Crew Modules have three radial docking ports for the accommodation of the
GPL and RAM's while the end port on the crew module is nominally used for
docking the logistics module,

Long-term operations will occur over an extended period utilizing both
the experiment capability integral to the GPL and that of the attached RAM's,
Approximately four of the crew of six men will be devoted to these experiment

operations, while the remaining two men will be responsible for overall

station vperations and support,
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To achieve Growth Space Station (GSS) capability, two additional Space
Station modules (power/subsystems and crew/operations) will be added to the
ISS cluster as shown in the frontispiece, These modules are nearly identical
in design with those deployed for initial capability, These two modules
double the capability of the Space Station and enable it to perform all of the
functions required for the GSS, As illustrated, the growth configuration is
capable of nccommodating six attached RAM's or a mix of five attached
RAM's and several free-flyers cycled through a single docking port, The
sequence of launches to achieve the GSS is such that dedocking is not required
in agsembly operations,

Since the addivional Space Station modules are identical to the ISS
modules, these modules, or a third set if desired, could potentially be used
in an alternate orbit, This would allow establishment of several smaller sta-
tions devoted to specific scientific and/or operational functions without the

need for additional design and development,

2.2 REQUIREMENTS SUMMARY

The fundamental NASA guidelines that have shaped the MDAC Modular
Space Station are those of minimum cost and compatibility with the Space
Shuttle. All system selections have been based upon minimizing total pro-
gram costs, but particularly the cost prior to IOC., Compatibility with the
Space Shuttle limits both the dimensions and mass of individual modules to
cylindrical bodies not larger than 14 ft in diameter by 58 ft in length and
20, 000 pounds, Compatibility with the Space Shuttle guidelines also imposes
a crew size limitation of 2 (orbiter crew) plus 2 (passengers),

NASA also specified that an initial station be capable of supporting six
men and growing to a 12-man size after 5to 6 years and that it be capable of
at least 10 years of continuous operation,

Listed below are several of the guidelines established by NASA
Headquarters which exercised the greatest influence over the definition and
preliminary aesign of the Modular Space Station, These requirements are
included in Performance Specification (DPD-235, CM-01) prepared as part of
this study (the numerical designations in parentheses indicate the paragraph
in which the requirement appears),

1, Total cost of the program is a primary consideration, Primary

emphasis is on minimum cost to the 10C (3, 1, 1, 2).,




4 2, "Commonality" is a primary consideration throughout the study,
: As a goal, common module structures, systems and subsystems
and assemblies for Space Station modules, crew cargo modules, and
Research and Applications Modules should be developed (3, 1, 1, 3),
3.  Shuttle launch frequency to support the Space Station Program will
be no greater than one every 30 days (3. 1.3, 2).
4, The Initial Space Station will have the capacity for independent
operation with the full crew for a period of 120 days., This capacity
can be included in a Cargo Module (3, 1, 3, 3),
5, At least 30 days' consumables, including subsystems and experiments,
will be available beyond the scheduled resupply mission (3.1, 2, 5).
6. The Initial Space Station must provide communications with the

ground and other cooperating spacecraft, but not necessarily simul-

taneously. Interruptions in data communications with the ground

network for as long as five hr will be acceptable for the Initial Space
Station (3. 1.3, 14).

7. The Initial Space Station will be operational when fully manned (three

( to six crewmen), and fully configured including a general purpose

laboratory capability in addition to at least two Re.search and {
Application Modules (3,7.1,1.1),

8. The Growth Space Station will be sized to accommodate 12 crewmen
and will have integral laboratory facilities, research support provi- {
sions (power, information management, docking ports, etc.) and 4

habitability provisions equivalent to those provided by the 33-ft

=1 diameter designs in the Phase B study reported in August 1970

N (3.7.1.1.2).

9. The Initial Space Station will be capable of supporting selected,

o f” partial, modified, or combined FPE's from the Blue Book

J}:? (NAS 7150.1). Blue Book experiments and RAM's are to be sched-
B uled in accordance with Station capability. Modified FPE's will

require the approval of NASA (3.7.1.1.3).
10, The Growth Space Station will have the capability to accommodate
° all Blue Book FPE's, but not simultaneously (3. 7.1.1.4), /
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12,

13,

14,

15,

16.

17.

18.

19,

20.

21.

averaged over a 24-hour period (3.7. 1. 4. 12),

The docking port and hatches will provide a nominal diameter of

5 ft and provide utility interfaces within the pressurized volume
(3.2.2,3).

Maintenance and repair will be accomplished on the ground when

cost effective, Module return will be traded against on-orbit repair
and replacement (3,2, 4, 1).

Safety is a mandatory consideration through the total program. As

a goal, no single malfunction or credible combination of malfunctions
and/or accidents will result in serioue injury to personnel or to

crew abandonment of the Spa.e Station (3.2.6,1.2).

The Space Station will be divided into at least two pressurized
habitable volumes so that any damaged module can be isolated as
required. Accessible modules will be equipped and provisioned so
that the crew cin safely continue a degraded mission and take correc-
tive action to cither repair or replace the damaged module (3.2.6.2.2).
Atmospheric stores and subsystem capacity sufficient for one repres-

surization will be maintained on the Space Station during manned

operations to independently supply each pressurized habitable ~—~

volume (3.2.6.2, 3). -
Personnel escape routes shall be provided in all hazardous situations.
+. design goal will be to provide alternate escape routes that do not
terminate in a conimon module area (3.2.6.3.2).

Provisions and habitable facilitie s will be adequate to sustain the
entire crew for a minimum of 96 hours during an emergency situa-
tion requiring Shuttle rescue (3.7.1.4. 3).

The Space Station structure and subsystems will be designed for an
oxygen/nitrogen mixture at a normal operating pressure of 14.7 psia
(3.7.1.4.9).

Carbon dioxide partial pressures will be maintained below 3.0 mm

Hg in all habitable areas (3.7.1.4.10). A CO, partial pressure of
7.6 mm Hg will be allowed for seven days during an emergency
(3.7.1.4.11),

ISS electrical power will be provided by solar arrays. Minimum
average load electrical power requirement is 15 KW at the load bus,

RN

As a goal, no orientation restrictions will be imposed by subsystems
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such as electrical power, thermal control, communications,
(3.7.1.4,13).

22, The environmental control and life support subsystem will be
derigned with a closed wash-water loop. Closure of other functional

loops will be based on appropriate trade data (3,7, 1. 4. 14),

2,3 COST SUMMARY

This section presents an overview of the Space Station Program's funding
requirements. Total cost of the Space Station Program in GFY 1972 dollars "
is estimated to be $6,563 million (Figure 2-3), The ISS/GSS Space Station
and its 10 years of operation require about $3, 500 million, with the experi-
ments and RAM's consuming the remainder. The total program costs are
allocated as follows: DD&TE cost is $3,714 million, production cost is
$644 million, and operations cost is $2,205 million. These costs include the
development, fabrication, and operation of the Research and Applications
Modules (RAM's), and the integration of both RAM and Integral experiments
into their respective modules, The ISS/GSS program includes 14 attached
modules and three free flyers (Because three early RAM's are refurbished, only
14 modules are developed and fabricated). Of the total expended to ISS,
approximately 30 percent is for experiment development and installation,
10 percent for Shuttle launches, and the remaining 60 percent for develop-
ment and operation of the six-man Space Station and its support of the
attendant experiment program., Discounted at 10 percent per year, with
GFY 1975 as the base year, the total cost of the Snace Station Program
is estimated to be $3, 419 million. This discounted rate is illustrated in
Figure 2-4. Both funding and manpower are constrained by the Phase C/D
ATP, which is scheduled for October 1975, and the Initial Space Station (ISS)
first operational launch, scheduled for October 1980. Operations effort is
scheduled to begin prior to the first launch and to continue for 10 years
following the launch. The schedule constraints, together with the planned
Experiment Program, both integral and RAM's, cause a funding rcak of
$691 million and a manpower peak loading of about 14,500 in the same fiscal
year (FY 1984),

Several low cost experiment program options have been examined and it
is concluded that a viable experiment program could be accomplished at costs

significantly lower than the Baseline Program described here. This could be
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done by limiting the Space Station to a six-man capability with a similar
reduction in the number of FPE's actually flown. If such a program were
defined, total program costs could be reduced to about $4, 400 million, of
which about $3, 000 million would be required for the Space Station, and the

remaining $1, 400 million for experiments and RAM's,
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Section 3

DESIGN CHARACTERISTICS

The modules that comprise the basic Space Station are the Power/
Subsystems, Crew/Operations, General Purpose Laboratory, and Logistics
Module (since at least onc is docked at all times), This section describes
the preliminary design of the power/subsystems, crew/operations modules,
and the General Purpose Laboratory module (i.e., those design features
related to the basic Space Station). The GPL laboratory equipment and
facilities are described in Section 5. The preliminary design of the
Logistics Module is described in Section 4 as one element of the logistics
support system,

The Modular Space Station design philosophy centered on low cost and
effectiveness. Low cost was achieved through simplicity of the total concept:
a minimum number of basic modules (3), a maximum of commonality (at
subsystem and lower levels and for growth to GSS), and long life achieved
through maintainability. Effectiveness was accomplished using modern
technology which permits automation of station facilities (for subsystem con-
trol, failure and warning, fault isolation, etc.) to reduce nonproductive man
hours, Man's involvement in the research and applications activities is
maximized with the General Purpose Laboratory facility,

The Power /Subsystems Module (Figure 3-1) contains all subsystems
necessary to sustain the ISS cluster until assembly is completed and manning
and regular logistics resupply are initiated three months later. The module
is 4.3m (14 ft) in diameter and 17. Tm (58 ft) long. The solar array (not
shown) contains 492 m2 (5, 300 ft2) of panel area providing 16. 7 kwe of
usable power. The pressure compartment is 9. Im (30 ft) long, incorporates
three radial docking ports, and houses subsystems as shown. Space and
structural provisions are incorporated to accept CMG's and atmosphere tank-
age which are later transferred from the Logistics Module. The propulsion
system is isolated from the remainder of the compartment by a pressure-

tight bulkhead. Thruster modules are located forward and each includes
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"Figure 3-1. Power/Subsystems Module

portions of the high- and low-thrust systems. End docking ports permit
station buildup and on-orbit handling of the module.

The Crew/Operations Module (Figure 3-2) is docked to the Power/
Subsystems Module. It provides for the habitability of the flight crew and
also contains the control center for the Modular Space Station. The module
is 4.3m (14 ft) in diameter and 13. 7m (45 ft) long. The internal arrange=

ment uses a zero=-gravity longitudinal configuration. There are three pri-

vate crew quarters and a complete hygiene facility at each end of the module

thereby maximizing flexibility to accommodate mixed crews (male and

female) or two-shift operations by this separation. The operations control

station is located at one end of the wardroom and the galley is located at the

other end. The general arrangement provides for ready access to the pres-

sure wall and to consoles for maintenance purposes, Three radial docking
ports are located at the midpoint of the module to maximize clearance
between attached modules during Shuttle docking operations. The module

also contains three high-gain antennas and four propulsion modules (not

shown).
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Figure 3-2, Crew/Operations Module

The General Purpose Laboratory is radially docked to the Crew/
Operations Module. The GPL, illustrated in Figure 3-3, is configured to
support a 12-man research and applications program at the GSS level. Space
is provided within the 4. 3m (14 ft) diameter by 13, 7Tm (45 ft) long module for
growth capability; that equipment required for ISS is initially installed and
space is allocated for planned additions, as required. The GPL also con-
tains a zero-gravity longitudinal interior configuration with equipment
arranged in functional groups. This grouping results in the eight laborator-
ies and facilities identified in Figure 3-3 (these labs and facilities are
described in greater detail in Section 4), In addition to laboratories and
facilities, the GPL houses Data Management, and ECLS equipment, The
experiment control console in the GPL also functions as a backup control
station to the primary control console located in the Crew/Operations Mod-
ule. No radial docking ports are located in the GPL.

The Logistics Module is illustrated in Figure 3-4, This module remains
on orbit as part of the Space Station cluster during resupply intervals. In
this capacity it provides a convenient reservoir for consumables to be used

on demand; it provides an additional safe volume for refuge and a contingency

17
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valume for crew isolation and extra crew accommodations. It is used for
convenicnt storage of trash and for returning hard-~copy data and experiment
equipment to Earth,

The Logistica Madule is 4, 3m (14 ft) in diameter and 8, 5m (28 ft) long,
It contains hoth pressurized and unpressurized compartments, The interior
of the pressurized compartment ia arrapged to accommodate palletized cargo
and special cargo, The palletized cargo space is configured to support
0.6 by 0, 6m (2 by 2 ft) rariy~on cantainers. The special cargo space is
alzed to acecept itemea that are planned for offloading (prior to launch) on the
three station modules (e, g, , CMG's) and for experiment equipment. Cargo
handling aids are provided for difficult carpo tranafer, KEgressa/ingress from
the orbiter requires a pressurized tranafer tunnel which is also used as a
two-man EVA airlock for station opcerations. Active subsystems are not
required to support the Logistics Module; all subsystem requirements are
supplied by the orbiter or the station. Design fcatures of the Logistics
Module are described in Section 4.

To achieve the Growth Space Station (GSS) capability, two additional
Space Station modules (Power/Subsystems and Crew/Operations) are a ded
to the ISS cluster. These modules are identical in dr iign to those deployed
for the initial station. The growth configuration is capable of accommodating
several attached RAM's, several free-flying RAM's which share a common
docking port, and three Logistics Modules (the GPL occupies the 12th radial
docking port). The GSS is arranged to permit complete assembly without
dedocking operations to relocate modules.

Since the GPL is sized to accommodate additional equipment required
for GSS, only one GPL is required. In thc GSS phase of operations a com=
bined Crew and Cargo Module (CCM) is used for delivery and return of six
crewmen and cargo.

In the selection of subsystems, emphasis was given to minimizing initial
and total program cost and the following additional guidelines: (1) applicabil-
ity of the design for both ISS and GSS, (2) growth to GSS without new develop-
ment, (3) commonality and modularity, and (4) on-orbit maintenance and
replacement.

Figure 3-5 presents a summary of subsystem characteristics, The
six-man module level for EC/LS was selected, One six-man unit is located
in the Crew/Operations and one in the GPL Module.
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Figure 3-5. Baseline Subsystems

A solar heat collector, which provides heat via a fluid loop for EC/LS
processes, is located on the solar array structure to take advantage of sun
orientation. Thermal control is provided by active, redundant radiator loops
on each module.

Double-gimballed foldout solar arrays provide electrical power for the
2 (5, 300 ftz) and produce 16. 7 kwe

average power. GSS requirements, about 31 kwe average, are satisfied

Space Station. The arrays total 492 m

with a second Power/Subsystems Module which contains an identical array.
The Lockheed (LMSC) foldout panel design concept was selected; this con-

cept, in prototype development, adequately satisfies Space Station mission
requirements and offers a corresponding development cost savings.

The 100 amp hr, nickel-cadmium battery under development by Grumman
was selected for energy storage. To reduce power losses and equipment
weight, 115 vdc was selected as the transmission and distribution voltage.

A thorough analysis of interrelated functions and requirements for the
Propulsion, Attitude-Control, and EC/LS Subsystems resulted in the selec-
tion of CMG's for primary actuation, low-thrust (0. 09N-0, 02 1bf) resistojets
using CO; from the EC/LS Subsystem for orbit-keeping and CMG
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desaturation, and an N2H4 high~thrust (B9N=~20 1hbf) systern for the elimina-~
tion of docking disturbances and for maneuvers,

The Communications Subsystem uses the synchronous relay satellite
network, which is assumed to be available at the start of the Space Station
mission. Data transmission requirements for the Space Station program use
only a portion of the satellite network capability, The Data Relay Satellice
System (DRSS) is assumed to be an institutional cost which is not charged to
the Space Station program,

The Data Management (DMS) and Onboard Checkout (OCS) Subsystems
use a centralized computer located in the Power /Subsystems Module, The
data bus interconnects the computer with other DMS and OCS components as
well as with the other subsystems. A second multiprocessor is located in
the GPL and is dedicated to the experiment program. The GPL multi-
processor is configured to act as a backup to the primary computer. Onboard

Checkout Subsystem functions are integrated with the DMS and are automated.

3.1 CONFIGURATION

The selected ISS configuration is shown in its maximum cluster arrange-
ment in Figure 3-6., It contains two six-man EC/LS Subsystems in two
separate habitable pressurized compartments. Six docking ports are avail-
able, two of which will be used for resupply by Shuttle~transported Logistics
Modules and four of which may be used for Research and Applications
Modules (RAM's). The on-orbit arrangement of the three modules places the
Power /Subsystems Module on the forward end of the cluster. The Crew/
Operations Module is docked to the aft end of the Power/Subsystems Module.
Both the Power /Subsystems Module and the Crew/Operations Module have
three radial docking ports spaced at 2.1 rad (120 degrees) on centers. The
General Purpose Laboratory Module is radially docked to the Crew/
Operations Module at the upper left-hand port (looking forward). Logistic
Modules are docked alternately at the upper right-hand port and the end port
of the Crew/Operations Module. The remaining four ports, one nadir port
on the Crew/Operations Module, and all three poirts on the Power/
Subsystems Module are used by Research and Applications Modules. The
ISS configuration was chosen from a large group of potential module arrange~
ments. The major considerations in this evaluation were cost, crew safety,

habitability, efficient accommodation of the experiment program,
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Figure 3-6. Initial Space Station (I1SS)

adaptability to growth to the 12-man Space Station, and compatibility with the
Shuttle Orbiter during buildup and resupply. The most important of these
considerations was low cost, which dictated a minimum number of modules.
(Program cost is increased with an increase in number of modules for the
same functional capability. That is, designing the same equipment into more K
modules results in higher costs. This is principally due to an increase in
integration testing as reported in DPD-235-DR/SE-11, "Assessment of
Alternate Shuttle Payload Sizes, " dated September 1971.) Low initial cost

is also made possible by commonality, which is accomplished by a common
design for the module cylindrical section and docking interfaces. Other con=
siderations in the selection of the configuration included traffic flow, docking
port requirements, maintainability of modules and subsystems, and flexibil- |

ity for the ever-changing requirements of the experiment program,

The arrangement whereby all crew facilities are contained in a single
module enhances the usability of the dedicated space and minimizes the crew /
traffic between modules, The Space Station General Purpose Labovatory is
located in a single facility to achieve maximum spaciousness and to keep

experimental functions close together.
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An airlock is provided hy the hack-to-back hatches at the module
interfaces. This airlock provides the capability to evacuate a module and
reenter without the need to evacuate the adjacent module to equalize pres-
sure, An EVA airlock is provided by the Isolation and Test Facility in the
General Purpose Laboratory and a two~=man EVA airlock is provided in each
Logistics Module,

Figure 3-7 shows the inhoard profile of the assembled station.,

In the GSS configuration, five additional docking ports are available to
accommodate one additional Logistics/Crew Cargo Module and four additional
Research and Applications Modules, The GSS configuration with its maxi-
mum cluster arrangement is illustrated in Figure 3-8,

The minimum launch weight of the three-module cluster is 22,058 kg
(48,629 ib) (see Table 3-1). At the start of operation, the on-orbit weight is
increased to 35,310 kg (77, 845 1b) due to the addition of supplies and cquip-
ment transported via Logistics flights,

A primary consideration in the configuration design was clearance
between docking ports to allow direct docking of a module by the Shuttle.
Figure 3-9 illustrates the clearances in docking of modules to the GSS. A
minimum distance of 10.3m (35.5 ft) between docking port centerlines pro-
vides adequate clearance as shown in Figure 3-9,

Figure 3-10 illustrates in schematic form the utility runs through the
three modules of the ISS. Figure 3-11 shows the interface pattern used
at each docking port. This pattern has an axis of symmetry which is the
Z-axis of the module allowing any pattern to match any other pattern. Fig-

ure 3-12 illustrates the details of utility run installations.

3.1.1 Power/Subsystems Module

An irboard profile of the Power/Subsystems Module is shown in Fig-

ure 3-13. This module contains capabilities for electrical power, guidance
and control, propulsion, ground communications, data management, and
thermal control. The Power/Subsystem Module is 17. 7m (58 ft) long and
uscs the maximum length of the Shuttle cargo bay. The large cylinder and
the conical sections on each end total 9.1 m (30 ft) in length. The cylinder
diameter is 4.3 m (14 ft) with protrusions out to 4.6 m (15 ft) diameter. The
pressure shell diameter is 4.1 m (13 ft 4 in.). These diameters are com-

mon with other modules of the Space Station. The power boom cylinder has
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Figure 3-8. Growth Space Station (GSS)

alm(3ft4in.)inside diameter and is 8.5 m (28 ft) long including the for~
ward docking port and the solar array turret.

Externally the module cylindrical section has an end docking port with a
thermal cover and three 2.1 rad (120 degrees) radial docking ports with
thermal covers. The hatch in each of these docking ports is slightly oval
with a miaimum diameter of 1.5 m (60 in.). Each hatch contains a central
window, 0.2 m (6 in.) in diameter. The hatches can be operated by one
crewman and are supported in a stowed position when they are not closed.
The pressure shell is encapsulated in a metcoroid shield and radiator and in
high performance insulation (HPI) blankets. Four thrustor medules, one in
each quadrant, are located on the forward end. A horizon sensor, star
sensor, and star tracker are located between the docking ports and the for -
ward end. Three VHF and S-band omni-antennas are located between the
radial docking ports.

Internally, the cylindrical section is divided into two compartments.
The larger of these compartments, at the aft end, houses the expendables
for station atmosphere supply (four 0.8 m |30 in.] diameter N2 and three

0.8 m {30 in.] diameter O tanks), cylindrical atmosphere pumpdown
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tanks (0,9 m [36 in,| long by 1.5 m |60 in,| diameter), and a section whero
the five 1,1 10 (42 in, ) diameter CMG's aro installed, This scction also has
a checout system for use with the other subsystems installed within the
maodule, such as clectrical distribution equipment, comrnunications equip--
ment, and the radiator and elect:ical equipment for the Therimal Cantrol
System, The pressurized compartment contains adequate free space for
maintenance of all the equipment inside the compartment and for the crew to
inspect the vehicle wallg by removal of equipment, if this should become noce
enpary, This compartment is normally preasurized and has a habitable
Hhirtﬂlcg_.ve environment,  Periodic maintenance and monitoring of subsys-
tems are required but no crew atation exists in this madule,  The averape
crew resideney timo in this module is estimated to he about one percent,

Forward of this compartment is a pressurizable compartment which is
normally unpressurized; it is vented to vacuum and houses the propellant
tainks (4 cylindrical N2114 fanks) 2 GNZ tanks, ane 9 GOZ tanks, The com-
partment in which these propellants are stored has adequate free space for
ma'ntaining this equipment, The interior of this module is designed for
zZero-g, i, ¢., no floors or decks; however, without penalty, equipment is
oriented and packaged to accommodate ground test and checkout in a one=-g
environment,

The power boom supports the solar array gimbal turret and the solar
arrays. These double-gimballed arrays in the retracted position arc also
support ed durmg. launch at the opposite end. The solar array incorporates
a 14 m? (150 £t2 ) solar collector which is used to supply heat to the EC/LS
Subsystem. The forward end of the turret incorporates a docking port so
that, if necessary the Power/Subsystems Module can be separated from the
balance of the Station by the Orbiter and returned or replaced with another
Power/Subsystems Module, (This is a contingency capability only,)

The power boom can be pressurized for shirtsleeve access to maintain
cquipment in the solar array drives. The power boom has a meteoroid shield
and high performance thermal insulation. An EVA hatch in the turret is pro-
vided to permit on-orbit inspection and repair of the solar array and the
solar collector, if required.

The minimum launch mass of the Power Subsystems Module is 7,943 kg
(17,513 1b). Included on the first Lopistics Modules are expendables, pump-
down tanks, and CMG's which are not required during buildup.
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3.1.2 Crew/Operations Madule

The Crew/Operations Module is shown in Figure 314, It is 13,7 m
(45 ft) long and has a cylindrical diameter of 4,3 m (14 ft), the same as the
diameter of the other modules in the ISS, The Crew/Operations Module has
two end-~docking ports and three radial-docking ports at 2,1 rad (120 degrees)
lacated midway between the two ends, All docking ports have thermal covers,
There are threo retractable high~gain antennas spaced at 2,1rad (120 degrees)
indexed hetween the three docking ports, 5,2 m (17 ft) aft of the forward end.
Four thrustor modules are located at 1, 6 rad (20 degreca) apacing at the aft
end of the madule,

The interior of the Crew/Operations Module contains all of the facilities
nceded for the erew during the duration of the minsion under normal operas
ting conditiona, The configuration is speeifically oriented for zero-gravity,
This results in a high degree of space utilization, However, for ground test
and cacckout, all facilities are compatible with one-g. The erew accommo-
dations have been arranged so that a mixed erew (male and female) can be
accommodated. Crew quarters arc divided into two groups of three and
there are two complete and separate hygiene facil'ties. A galley, a ward-
room, a recrcation and exercise area, the primary control console and its
associated electronics are located in this module. One of the two six=man
EC/LS Subsystems is also incorporated. This module contains a portion of
the onboard complement of batteries and provides for storage of crew and
other equipment that is retained on-orbit,

At the forward end of the Crew/Operations Module is a conic section
where the 1.5 m (60 in. ) hatch is stowed. An area for miscellaneous stor-
age is also provided in this region. Three of the crew quarters are located
at the forward end. These quarters, one on each side and one overhead, are
approximately 2.1 m (7 ft) by 2.1 m (7 ft) by 1.5 m (5 ft) Each of the three
crew quarters contains a closet for the flight crew's personal gear, a sleep
restraint, a desk, a restraint for use at the desk, and a window 0.3 m (12 in.)
in diameter. If the large, accordion-type doors on three compartments are
opened simultaneously, a single spacious compartment is provided. In addi=
tion, the entry way from the crew quarters to the wardroom (or control
center) can be closed to form a large 22,7 m3 (800 ft3) stateroom.

One of the hygiene compartments is located adjacent to the crew quar-

ters and ""above'' the control center. The hygiene compartments contain a
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hand wash, laundry, shower, uri.n:ll, and a waste management system, There
is a storapge capability for hand wipes and similar equipment inside the
hygicne compartment,

‘The primary control and display console for Station operation is located
dircctly under the hygiene compartment on the right-hand side, This con-
sole is normally used by onc crewman, but can he used by two when required,
The console is in full view of the wardroom area but may be isolated by a
curtain when desired, An 0,3 m (12 in.) viewport is located adjacent to the
congole so that the crewmen will he able to make space and/or Earth ohscr-
vations while seated at the console,

Opposite the primary control console are located the agsociated elecw
tronics and other clectrical equipm.ent that are peculiar to the Crew/
Operations Module, Immediately "aft" of th:e clectronic equipment console
is the EC/LS Subsystems equipment.

In the central region of the Crew/Operations Module are three docking
ports. This area is reasonable large and adds considerable spaciousness to
the general-purpose area used for recreation and exercise. The dining area
is located just aft of the radial docking port on the right-hand side. It has a
table with restraints and can accommodate the entire crew, There are thre

0.3 m (12 in. ) windows in the dining area.

C

The galley is across from the dining area and contains the food manage-
ment and trash management equipment. Food management equipment
includes storage for a 30-day food supply, an oven, a freezer, and a refrig=
erator. Adjacent to the wardroom/galley are the other three crew quarters.
The end conic section is used for storage.

The minimum launch mass of the Crew/Operations Module is 7, 043 kg
(15,529 1b). The configuration of the Crew/Operations Module evolved as an
iterative design that made use of layouts, small-scale models (1. 20), and a
number of full scale mockups. This arrangement of the Crew/Operations

Module was built as a full scale soft mockup prior to being selected as the
configuration for the ISS,

3.1.3 General Purpose Laboratory (See also Section 5. 1)
An inboard profile of the GPL Module is shown in Figure 3-15, The
General Purpose Laboratory is 13,7 m (45 ft) long and 4.3 m (14 ft) in

diameter; dimensionally it is the same as the Crew/Operations Modulc;
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however, the General Purpose Lahoratory has docking ports on both ends but
no radial ports. The open end port can he used for temporary attachment of
RAM'a or Logistice Modules, Each docking port incarporates a 1,5 m

(60 in, ) diameter hatch, Cavors provide thermal and meteoroid protection
for the port when it is not being used, The General Purpase Lahoratory hag
heen configured to provide maximum spaciounsness, capahility for continual
growth, and ease of transport of equipment, in or ont. The laboratary
equipment is generally located in five rows of conaoles, ane along the hottam
center line, onc on cach side near the hottom, and one on each aide near the
top.

A prassure bulkhead located near the outhoard ond of the General Pup -
pore Laboratery separatea the nermal laboratory functions frem activities
and equipment that require isolation in a scparate facility, Thin isolated
facility can aiso be used for an EVA airlock,

The General Purpose Laboratory serves as a separate pressurizable,
habitable compartment and contains the second EC/LS Subsystem, emergency
food, and water storage; it also contains two three-man 96-hour emergency
pallets. For convenicnce and also to provide the second habitable compart=-
ment, the GPL Module contains a hand and face wash facility mounted on the
pressure bulkhead at the outboard end of the module. To provide ease of
inspection, maintenance, and repair of the pressurevessel, the cabinets and
consoles in the General Purpose Laboratoryare designed toswing away, Those
in the upper quadrant pivot about a pointnear the top of the console, They
pivot approximately 45 degrees to expose the pressure shell and rear and sides
of the console, Consoles in the lower quadrant pivot about a point on the lower
edge, These pivot outward and downward approximately 90 degrees,

The General Purpose Laboratory is likely to require replacemecent and
addition of large pieces of equipment during the program; therefore, a 1,5 m
(60in,) diameter area-way has been provided through the length of the module,
This makes it possible to transfer large items into the Crew/Operations
Module, Extensive storage area is provided in the inboard end conic, inside
most consoles, and under the "floor,

The minimum launch mass of the General Purpose Laboratory is
7, 070 kg (15, 587 1b), The on-orbit mass of this module is increased by the
addition of equipment as the experiment program proceeds, This configuration

evolved as an itcrative design that made use of layouts, small scale models,
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and a numher of full-secale cardhoard mockups, This arrangement of the
General Purpose Laboratory was mocked-up in full scale hefore heing selec-
ted as the final canfiguration,

Laboratory equipment and facilities of the GPL are fully described in
Section 5, 2,

3.4 SUBSYSTEMS
This seetion contains summary descriptions of ecach subsystom (listed
helow) and its associated assemblies,
. Kleetricenl Powoer
nvironmental Control/ Life Suppart
Crow [Tahitability and Protection
Guidance, Navipgation, and Control
Propuision
Data Management
Communication

Onboard Checkout

Structures/Mechanical

Elements of these subsystems are distributed throughout individual
modules, Data buses provide key interfaces for command and monitor func-
tions, The schematic in Figure 3-16 illustrates these subsystem interfaces
and functional arrangements. (For clarity, some redundant installations are
omitted.) Tle matrix at the left of the schematic lists actual equipment

locations.

3.2.1 Electrical Power Subsystem

The electrical power subsystem (EPS) is composed of nine major
assemblies as shown in Figure 3-17. The solar-array power source con=
sists of 12 independent flexible panels divided equally between two wings.
Each panel contains two electrically indepcndent half=-panels, each of which
supplies regulated power to either of the two source buses.

The deployment and orientation assembly provides (1) initial array
deployment from the stowed position along the power tunnel, (2) individual
panel retraction for EVA replacement, (3) group pancl retraction for stow-
age and return of the Pcwer/Subsystems Module, and (4) two-axis gimbal

orientation on a continuous basis to ensure maximum solar-energy collection
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for all station flight attitudes, The solar paneia are "feathered' for minimum
drag during eclipse periods, and are recycled prior to reentering the sunlight
to windwind the trailing cable which transfers power across the gimbal
interfaces,

The primary switching assembly in the turret area provides for (1) con~
trol of power flow from the 24 half-panels to either of the two source huses,
(2) control of source bus connections for either parallel or isolated operation,
and (3) control of power flow from the source buses to the four transmission
lines. Primary switching is also provided in each station module to (1) sec=
tionalize the transmission lines, {2) control power flow to the main distribu-
tion centers from the selected transmission cables, and (3) sectionalize the
main distributor buses.

The EPS is arranged to provide a minimum of two independent systems
with two '""back-bone'' transmission circuits per system. The two systems
are normally bused together to meet total power demand, and each system
can accommodate full system power.

The energy storage assembly for the Initial Space Station (ISS) consists
of hermetically sealed, temperature-controlled, nickel-cadmium batteries,
located at the main distributor center in each station module. These bat-
teries provide all of the electrical power during eclipses. They also supply
(1) supplemental power during partial reductions of normal solar power,

(2) emergency power inthe event of loss of solar-array power, and (3) pri-
mary launch and ascent power for the Power /Subsystems Module. The
batteries are charged concurrently at low voltage by individual battery
chargers. The batteries are discharged with four batteries in series to the
associated main distributor bus at 115 + 3 vdc through the pulse width
modulated series buckload regulators, The battery energy is available to
all station modules through the transmission as sembly.

The Power/Subsystems Module is launched with four batteries installed
to provide power prior to array deployment. The array is deployed on-orbit
and is operated in a minimum-drag (trailing) position until ISS manning
occurs. The Crew/Operations Module and the GPL are launched without
batteries and use Space Shuttle power until they are docked and electrically
connected to the Power/Subsystems Module power=-transmission system.

The power control and regulation assembly provides solar-array voltage
regulation. The regulation system uses a sequential partial shunt regulation

(SPSR) technique to provide a full linear range of voltage control.
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The tranamission, conditioning, and distribution (TCD) assemblies
constitute the power-transfer and power-processing assemblies. These
include switching and protection in the transmission and distribution assem-
blies, battery charging and regulation, and dec/ac inversion in the condition-
ing assembly, The inverter modules operate in parallel within each station
module with no paralleling between modules. Power transfer between major
station modules occurs only through the 115~vdc transmission assembly, and
power transfer to Logistice Modules and RAM's occurs only through load bus
feeders in the distribution assembly.

A single-point ground is provided for cach electrically independent
(isolated) system. Structure ground points are provided for connections of
the negative dc source buses and each ac load bus neutral,

The electrical power management function is provided by integrated
subassemblies located in the EPS and the DMS. It includes monitor and
processing functions to control EPS switching, array voltage regulation,
array orientation drive criatrol as required by sun-acquisition computations
and solar-tracking sensors, and battery charging and discharging electron-
ics. It also provides for preprocessing of data to be used for the integrated
displays and controls and onboard checkout functions, and it controls the
system loads in accordance with established priorities. These functions are
performed automatically, with manual backup or overrride capability for all
essential management functions.

Table 3-2 provides key specifications for the electrical power sub-
system. Figures 3-18 and 3~19 provide a block diagram and schematic

diagram for this system.

3.2.2 Environmental Control and Life Support Subsystem

The EC/LS subsystem provides cabin atmosphere control and purifica-
tion, water and waste management, pressure=-suit support, and thermal
control for the entire Space Station. Concepts selected for major functions
are listed in Table 3-3.

The cabin atmosphere is maintained at sea-level pressure and two

six-man atmosphere reconditioning subsystems are provided, one in the

. crew module and one in the GPL. The crew module unit processes gas for

the crew, power, and attached modules. Each module contains separate
atmosphere-cooling provisions.

The ISS employs an open oxygen loop initially, but provisions are
a4
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R300
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T i
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BATTERY LOAD ]
REGULATOR
BATTERY SET ¢ 4 ;
CHARGER ,

INVERTER 4.27 KW 0,63 KW 470KW 1.64KW 427 KW 1,32 KW
66 MINUTES/ORBIT beC AC bc AC bc AC

36 MINUTES/ORBIT
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TOTAL OUTPUT = 16,736 W
TOTAL INPUT = 36,463 W
DESIGN FACTOR = 2,18

Figure 3-18. Electrical Power Subsystem Block Diagram (for ISS)

included to add OXygen recovery at any time. COj removed from the
atmosphere by molecular sieves is used in a resistojet low-thrust propulsion
system.

The subsystem has full HzO recovery; that is, more water is recovered
in the Space Station than is required for drinking and washing. A water-
management system is located in the crew module, and a 30-day contingency
water supply is located in the GPL.

The reverse-osmosis assembly purifies 80 percent of the condensate and
wash water; the 20-percent residue is cycled to the air-evaporation urine
water-recovery assembly. There, the residue, urine, and urine flush water
are purified at a 99-percent efficiency; the only water lost is that contained
in the replaceable wicks, The purified water from the water~recovery units
provides wash water, water for EVA cooling, and the water consumed by the
crew in excess of that provided in the food. Oxygen required for crew
metabolic usage is resupplied in the form of gas.

The total heat gencrated in the Space Station is rejected to space through
segmented radiators integrated with the micrometeoroid shield. Each core

module contains independent thermal control loops. A separate water loop
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Figure 3-19. Power Subsystem Schematic
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i - Tahle 3-3
' LIFE SUPPORT ASSEMBLY SELEC TION

Function Selected Concept
0O and N storage Gaseous at 3, 000 psia r
Atmosphere temperature caontrol Madule heat exchangers
Humidity control Condenser-neparators
T'race contaminant contral Catalytic oxidation
CO2 remaval COp anve molecular aieve
Ventilatian Central fan~diffusera
Urine water rocavery Air evaporation
Wash and condensate recovary Reverse onmaosis ]
Water aterilization Paateurization
Feoeal collection Heat plua pumpdewn for drying
KVA/IVA PLSS/PLSS or face mask
‘Thermal contro! Two fluid circuits and integral radiator
Process heat Solar collection

between core compai tments provides a sharing of cooling capacity. A solar
eollector is mounted on the golar=-array structurc to provide for EC/LS
process keat,

Figure 3-20 is an assembly breakdown; key specifications are given in
Table 3=4 and a block diagram in Figure 3-21. Schematic diagrams of the
ECLS equipment in each module are provided in Figures 3-22, 3-23, and 3-24.

3.2.3 Crew Habitability and Protection Subsystem Description
The crew habitability and protection subsystem (CHPS) provides the

crew with living quarters, work stations, and enough provisions to sustain

A

a six=-man crew for 90 days,

The food management assembly provides the food stores (both ambient
and controlled temperature), equipment, facilities, and supplies required
for the storage, preservation, preparation, service, and consumption for
siX crewmen for 30 days. Onboard storage provisions include a six-man
30=day basic supply and a six-man 30-day contingency supply. The remain-
der of the food is stored in logistics modules. Equipment is included for hot
and cold preparation, cooking, and warming of foods. Zero-g restraints
and serving and eating utensils are supplied as required.

A hygiene assembly provides the crew with the equipment and supplies /

necessary to maintain health and grooming standards. The hygiene assem-=

ro

bly consists of subassemblics, such as showers, chamber sinks, personal

hygiene kits, and a laundry.
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Tabhla 3-4
SPECIFICATIONS OF THRE EC/LS SUBSYSTEM

Capacity: 6 men (with redundancy), 12 men (maximum)
Cabin atmosphere nressure: 10,13 x 104 N/m2 (14, 7 psia)
Mixture: Op and Np

POp: 21,4 x 103 N/m? (3, 1 paia)

CO2 level: 3-mm Hg maximum, 7, 6 mm of Hg emergency maximum
for 7 days

Atmosphere velocity: 6, 1to 15, 24 m/min (20 and 50 ft /min)

Cabin temperature: 18, 3° to 30°C (65° to 85°F)

Mean radiant wall temperature: 15,6° to 26, 7°C (60° to 80" F)

Maximum internal surface contact temperature: 40, 6°C (105° F)

Water vapor partial pressure: 8 mm of Hg to 13 mm of Hg

Transienta: to 6 mm of Hg

Metaholic level: 11,8 x 10 J/day (11,200 Btu/day)

Oz and N, repressurization: 267 m3 (10, 13 x 104 N/mz)
(9, 300 £t3 (14. 7 psia))
Contingency O2: 159 kgm (30 days) (350 1b (30 days))
Regulated O2/N2 pressure from supply (in aimosphere supply lines)
4,13 x 105 N/m?2 (60 psia)

O2/N; pressure: 4,13 x 105 N/m?2 (60 psia)

CO; generation: 6,3 kgm/day (13, 8 1b/day)

Equipment humidity load: 2,48 x 106 J/hr (2, 355 Btu/hr)
Water Supply:

Wash water rate: 22,7 kgm/man-day (50 1b/man-day)

Wash water temperature: 40. 6°C (105° F)

Potable water rate: (53, 4 kgm/min (peak),
2, 32 kgm/man-day (average), 120 lb/min (peak),
5.13 lb/man-day (average)

EVA water rate: 1,04 kgm/day (2.3 1b/day)
Potable water temperature (hot): 71°C (160° F)
Potable water temperature (cold): 7,2°C {45°F)

Frequency of defecation: 1/man-day
Frecuency of riicturations: 6/man-day
Urine water: 1, 56 kgm/man-day (3, 45 l1b/man-day)

EVA metabolic rate: 2,109 x 106 J/hr (peak) 1,267 x 106 J/hr (average)
(2,000 Btu/hr (peak), 1,200 Btu/hr (average))

IVA metabolic rate: 1,688 j/hr (peak), 845 j/hr (average)

(1,600 Btu/hr (peak), 800 Btu/hr (average))
Average number of EVA events: 1.5 events/month

Number of EVA crewmen: 2 crewmen/event

Radiator design orbit inclination: 55 deg

Orbit altitude: 455 to 500 km (246-270 nmi)

Orientation: no restrictions allowed

Eguipment air heating load: 20 percent of total electrical power dissipation
Total cooling required: 101 x 106 J/hr for ISS (95, 800 Btu/hr)

Radiator reliability: 99 percent for each module for 10 years

e
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The crew accommodations assembly consists of the following
subassemblies:

A, Crew quarters provisions: bunk, bed roll, desk, individual light
fixturc, personal communications, clothing, personal itemasa
and expendables,

B. Crew aids: restraints and locomotion devices, tool kit, portable
lighting (IVA and EVA), and cargo-handling equipment,

C. Medical support: diagnostic, therapeutic, urinalyais, hematology,

and microbiology equipment,

The intravehicular activity (IVA) and the extravehicular activity (lVA)
support assembly provides protective garments, emergency oxygen masks,
portable oxygen supply, maintenance devices, communications, tethers, and
restraints for all emergency and any planned hazardous operations requiring
special support equipment. It also provides for special lighting and crew
status monitoring.

The housekeeping and trash-handling assembly provides for (1) the
collection, containment, decontamination, and transport of all forms of
loose debris, trash, and particulate material, (2) cleaning and disinfection
of all microbiological contamination, (3) collection, temporary storage, and
pretreatment of all trash and waste, (4) deactivation of all bacteria in the
collected trash and debris, (5) processed and unprocessed trash compaction,
(6) stowage of processed trash, ensuring that deactivated bacteria remain in
the deactivation state.

Off-duty equipment is provided to reduce monotony, muscular tension,
and stress, and to maintain morale. Individual selection will be provided
insofar as practical, and will include reading materials (microfilm and
viewer, books, magazines, and journals), writing maverials, log books,
workbooks, games and hobby equipment (group and individual), and exer-
cise equipment (group and individual).

Crew accommodations are provided in the Crew/Operations Module, the
GPL, and the Power/Subsystems Module. The accommodations shall gen-
erally be integrated within defined compartments, work stations, or open
functional areas.

The primary radiation protection afforded the crew is spacecraft shell

and equipment shielding. The radiation protection subassemblies monitor
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the extent and kind of crew-radiation exposure, The equipment includes
onboard and extravehicular dosimetry, which will be tied into the caution
and warning systems,

Figure 3-25 is an assembly breakdown of the Crew Habitability and
Protection subsystem; Table 3-5 provides key specifications for this

subsystem,

3.2.4 Guidance, Navigation, and Cpnt;"ol Subsystem

The guidance, navigation, and control (GNC) subsyatem provides astabili~-
zation, afttitude control, navigation, orbit maintenance, and attitude and rate
data for cxperiment support.

The GNC subsystem senses, computes, and receives the commands and
data for these functions; and the propulsion subsystem and the coutrol
moment gyros gencrate the actuation forces and torques needed for attitude
control. Sensing and computation of station attitude and angular rates are
provided within the station, and the navigation data are provided by the
ground-tracking network.

The GNC subsystem provides the Modular Space Station with the capabil-
ity to maneuver and hold any orientation to support the orbital and experi-
ment operations in the presence of the orbital disturbance environment. The
station can accommodate any inertial orientation for an indefinite period,
subJect to propellant expenditure and potential contamination associated with
use of the high~thrust system. Normal attitude control is performed by
control moment gyros (CMG's), which provide sufficient capacity for the
cyclic disturbances of the worst-case orientation.

The primary orientation of the Modular Space Station is trimmed
horizontal, which is an Earth-centered orientation, This orientation aligns
the Z axis along the radium vector and the body is rotated about the Z axis so
that the bias torque on the vehicle is zero, the amount of rotation depends on
the particular configuration of the Space Station, Other orientations, such as
inertial, may be imposed by the experiment operations,

The GNC subsystem sensors, gyro triads, star sensor, horizon sensor,
and star trackers (which provide the all-attitude capability) are located
in the power module, The star sensor and gyro triads provide the pri-
mary trimmed horizontal reference. The horizon sensors are used to

provide the acquisition of the Earth-centered reference; they are also used
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Table 3-5

SPECIFICATIONS OF CREW HARBRITABILITY AND PROTECTION SUBSYSTEM

Provisions

Food Storage

Food Design

Food Water
Requirements

Diet

EVA
Emergency Oxygen

Private Quarters

Minimum Free
Volume per
Compartment

Hygiene/Waste
Management

Hygiene
Compartment
Volumes (m3)

Command
Center
Volumes (m3)

Wardroom,
Galley and Gym

Medical
Support

Protection

Six-man crew for 90 days

Routine—30 days (Crew/Operations Module)
Contingency—30 days (ISS proper)
Replenishment—30 days (Logistics Module)

Six men, 30 days; crewman weight of 240 kg and
volume of 0, 5 m3

2, 8 kg/man/day

11,7 MJ (2800 Kcal)/man/day

Prebreathing of O for 3 hours;
maximum EVA-3 hours

15-minute supply per portable bottle;
96-hour supply per emergency pallet

Minimum volume of 2, 1 by 2,1 by 1,2 m
2by2by2m

Two enclosed facilities

Shower

Waste management
Urinal/handwash
Laundry

Free space

Total

"

—O O =

Q@ UT 00 00~
oo

o
~

Equipment N |
Operating space .0

Total 6.
Minimum Volume of 40 m3

W W

ot

An assembly shall be provided for first aid,
resuscitation, and support measures

The following shall be provided for all modules: /
¢ Alternative escape routes

e Fire prevention and suppressant equipment

e Strategically located IVA and EVA suits

® Meteoroid and radiation protection and detection,

L. R ok . e —




with the gyro triads to provide a limited-trim or untrimmed horizontal
reference,

The star trackers provide a highly accurate drift-free inertial reference
for the Space Station. These inertial reference data are used to support the
experiments,

Four control-moment gyros (CMG's) provide primary control actuation.
A fifth CMG is maintained in a standby mode., Resistojets are used for orbit
keeping and CMG desaturation. The biowaste system has more than sufficient
capacity for the trimmed horizontal orientation. High~thrust jets control
docking disturbances and provide a backup capability to the resistojets, The
high-thrust jets provide the primary control torques for the unmanned phase.
The data management computer is used for GNC computations, Station-
attitude and rate-reference data are supplied to the dedicated experiment
computer in the GPL for user support.

The GNC subsystem is designed to maximize the operational effective-
ness of the Modular Space Station throughout the build-up phase with varying
Space Station physical characteristics while constraining the required pro-
pellant and electrical power resources to a reasonable level.

Figure 3-26 is an assembly-level breakdown and Table 3-6 provides key
specifications for this subsystem. A block diagram is provided in 1 1g-

ure 3-27 and a schematic diagram in Figure 3-28.

3.2.5 Propulsion Subsystem

The Modular Space Station propulsion subsystem is a combination mono-
propellant (N,H,) high-thrust (111 N/thrustor, 25 lbf/thrustor) system
and a biowaste (COZ) resistojet low=-thrust (0. 111 N/thrustor, 0. 025 1bf/
thrustor) system. The low-thrust system performs orbit keeping and CMG
desaturation, and the high-thrust system provides the impulse for attitude
maneuvers and the correction of docking and dedocking disturbances when
the orbiter is not attached.

The propulsion elements, excepting thrustors, are located in an
unpressurized, but pressurizable, bay in the forward conic section of the
power module. This provides isolation in the event that system failures
cause leakage of propellant or pressurant. Maintenance may be performed

in either an EVA or shirtsleeve mode, depending on the nature of the
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GUIDANCE, NAVIGATION, AND CONTROL
ATTITUDE N
CONTROL NAVIGATION
ATTITUDE b EXPERIMENT
DETERMINATION EARTHCENTERED GROUND SUPPORT
INERTIAL TRACKING
RATE STABILIZATION EPHEMERIS
MANEUVERS
GYRO ASSEMBLY (2) CMG (B) ORBIT KEEPING ATTITUDE DATA
HORIZONSENSOR (4) MG ELECTRONICS (2) MSFN TRACKING DATA NAVIGATION DATA
STAR SENSOR (1) CONTROL EPHEMERIS UPDATE
STAR TRACKER (2) ELECTRONICS (2} NAVIGATION COMPUTATIONS
INTERFACE

ELECTRONICS (2)

Figure 3-26. Guidance, Navigation, and Control Subsysism Assembly Group Breakdown

maintenance; i. e., most maintenance will not involve opening a propellent
system and will be a shirtsleeve operation.

All needs for impulse are determined by the GNC subsystem, which
sends commands directly to the thrustor valves, subject to system-status
information,

The high=thrust propellant (N2H4) is stored in positive-expulsion metal
bellows tanks and expelled with regulated GNZ' Of the four propellant tanks
required, only one is pressurized and in use at a time. The propellant is
routed through dual feed lines to the eight thrustor modules, four of which
are located on the forward end of the power module and four on the aft end
of the crew module. Use of the high-thrust system will be very infrequent,
a few times a month at most.

On-line redundancy is provided in the pressurant storage and regulation,
propellant storage and distribution, and thrustor assemblies.

The low-thrust subsystem receives waste CO2 from the EC/LS sub-
system and routes the COZ to the power module, where it is compressed and
stored in titanium spheres as a gas. The CO; is regulated to approximately
three atmospheres for distribution to the thrustors, where it is electrically
heated and expelled.

61




Table 3-6

SPECIFICATIONS OF THE GNC SUBSYSTEM

Altitude
Orientation
Primary
Others
Attitude Control (all attitude)

Rate Control (atability)
Attitude Reference Data
Rate Reference Data
Navigation

Momentum Storage Requirements
Roll Axis
Pitch Axis
Yaw Axis

Momentum Storage Capacity

Roll Axis
Pitch Axis
Yaw Axis

Propellant Requirements
(Biowaste Output—6, 35 kg/day)

455 to 500 kin (246-270 nmi)

Trimmed horizontal
All attitude
+0, 25 deg

0, 005 deg/sec

+0, 02 deg

0, 001 deg/sec

1, 86 km (%1, 0 nmi)

6,410 N-m-sec (4, 720 lb-ft-sec)
10,280 N-m-sec (7, 580 lb-ft-sec)
9, 700 N-m-sec (7, 160 lb-ft-gsec)

Four improved ATM CMG's,
4,070 N-m-sec/CMG (3, 000 lb-ft-sec)

8, 140 N-m-sec (6, 000 lb-ft-sec)
16,280 N-m-sec (12, 000 lb-ft-sec)
16,280 N-m-sec (12, 000 lb-ft-sec)

Attitude Control Orbit Keeping*
Orientation kg/day (lb/day) kg/day (1b/day)
Earth-Centered
Trimmed Horizontal 0,23 (0,51) 5,3 (11.7)
Untrimmed Horizontal 17,2 (38) 5.1 (11, 3)
Worst Case 204, 0 (450) 5.8 (12, 8)
Inertial
Worst Case 118, 0 (260) 5,6 (12, 4)
Average 18. 6 (41) 5,6 (12, 4)

*Maximum solar atmosphere at 455 km (246 nmi),

Compression of CO2 is a nearly continuous function, subject to some

changes in supply pressure and quantity. Consumption of CO, will also be at
a high duty cycle. The propellant (CO3) requirements for orbit keeping,
combined with CMG desaturation, if desired, are approximately equal to the
EC/LS output during maximum solar-density years. During low solar-
density years, most of the CO2 will be expelled nonpropulsively through
opposing resistojets.

Figure 3-29 is an assembly«level breakdown and Table 3-7 provides key
specificaticns for the high- and low-thrust assemblies. Figures 3-30 and 3-31
show schematically the high- and low-thrust assemblies. Figure 3-32 pro-
vides the legend for these schematics.
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Figure 3-29. Propulsion Subsystem Assembﬂv Group Breakdown
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3.2.6 Data Management Subsystem

The data management subsystem (DMS) provides data-acquisition,
control, transfer, storage, and processing for Modular Space Station users,
subsystems, and experiments. Control of ISS operation is provided through
standard data bus terminals and appropriate digital and analog interface

equipment under computer control. Crew access to computer operations is

provided through keyboard and display equipment.

ment operations. Each of the computer complexes is a modular multiproces-
sor.

Two computer complexes are provided, one in the Power/Sui rstems

Module for subsystem operations and the other in the GPL Module tor experi-

For backup, the experiment multiprocessor can be rapidly reconfigured

to perform the subsystem operation functions.

variety of stored programs into the computer's main memory on an as-needed
basis. New programs, as required, will be generated on the ground and
trans.nitted (via RF links) or carried (via the Space Shuttle) to the Space

The computer's auxiliary memories provide the capability for reading a

L ek e

Station. The crew can also initiate program changes through the alphanumeric

keyboards. The file tape transports provide the highest level of memory in

wome on oo I ="




Tahble 3-7
SPECIFICATIONS OF THE PROPULSION SUBSYSTEM

HIGH-THRUST PROPULSION SYSTEM

ener:
Total Impulse;

Puleing 803,000 N-sec (180, 000 1b-sec)

Steady State 1,025, 000 N-sec (230, 000 lh-mec)

3 Axle Translation
Redundant Thrustors
Thrust Levels:

+X 222 N (50 1bf) nominal
445 N (100 Ibf) maximum J
445 N (100 1bf) nominal
*Y or 2 890 N (200 1hf) maximum
T :
oiq‘ﬁisn 493 N-m (363 ft-1b) nominal

3,940 N-m (2, 900 ft-1b) maximum

. 4,420 N-m (3, 250 ft-1b) nominal
*Pitch or Yaw o' 540 Nom {6, 500 £¢-1b) masimum

Propellant System

Propellant Monopropellant—NyHy
Capacity 455 kg (1, 000 1bm)
Work pressure 2,07 x 106 n/m2 (300 psia)
Temperature 10° to 40°C (50° to 105° F) ¥
Resupply Bulk transfer /
Storage Tank Positive expulsion—metal bellows
Length 1,15 m (45 in, )
Diameter 0.475 m (18 in, )
Material Titanium shell; stainless steel bellows l
Number required Four
Pressurant System
Pressurant GNy
Capacity 29, 1 kg (64 lbm)
Storage Pressure 20,7 to 3, 44 x 106 N/m?2 (3, 000 to 500 psia)
Temperature 10° to 40° C (50° to 105°F)
Regulated Pressure 2,07 x 106 N/m2 (300 psia)
Storage Pressure
Diameter ‘0,495 m (19, 5 in, )
Material Titanium i
Number Required Two |
{
Thrustors |
Thrust Level 111 N/thrustor (25 1bf/thrustor) !
Expansion Ratio 50:1 i
ISP (Pulsing) 180 sec )
(Steady State) 230 sec /
Chamber Pressure 1,38 x 106 N/m2 (200 psia)
Catalyst Shell 405
Number Required 40 v
\I
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Table 3-7

SPECIFICATIONS OF THE PROPULSION SUBSYSTEM (Continued)

LOW-THRUST PROPULSION SYSTEM

General
Total Impulse:
Maximum Daily 10, 800 N-sec (2, 420 th-sec)
Stored 21,600 N-sec (4, 840 lb-sec)

Three-Axis Translation
Redundant Thrustors
Thruat Levela:

X 0,222 N (0, 05 1bf) nominal
0, 445 N (0, 1 1bf) maximum
; 0,222 N (0, 05 Ihf) nominal
¥ or 7 0. 667 N (0, 15 1bf) maximum
Lorguens 0,493 N-m (0, 363 ft-1b) nominal
1,97 N-m (1, 45 ft-1b) maximum
R ‘ 2,21 N-m (1, 63 ft-1b) nominal
% Pitch or Yaw '6. 63 N-m (4, 88 ft-1b) maximum
Propellant System
Propellant : Biowaste CO,
Capacity 12,5 kg (27, 6 lbmg
Storage Pressure 0.31to 2,07 x 106 N/m2 (45 to 300 psia)

Storage Temperature

10° to 40°C (50° to 105° F)
Storage Sphere

Diaineter 0,787 m (31 in,)
Material Titanium
Number Required Two
Thrustors
Thrust Level 0. 111 N/thrustor (0, 025 1bf/thrustor)
Isp 175 sec (maximum)

55 sec (minimum--cold flow)
Chamber Pressure 0,31 x 106 N/m?2 (45 psia)

Number Required 32

the computation memory hierarchy for infrequently used data, and they are
identical to the digital bulk-storage units.

Intermodule communications (data distribution) are accomplished under
computer control of the data buses, Terminal-to-terminal transfer of data
may also occur within a module, The data bus concept employs a hybrid time
division multiplex (TDM), frequency division multiplex (FDM) technique for
digital data transfer; the latter is used for analog data transfer. Control is
accomplished by a computer input and output controller using standard con-
trol words, whi h provide terminal addressing and instructions, (A terminal

is defined as any device directly sending or receiving data from a data bus, )
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s o Data acquisition is implemented by analog and digital terminals, which L‘.
have the ability to handle eight standard interfaces. The number of channels
f "9 in a digital terminal may be effectively expanded to 512 by connecting a
B remote data-acquisition unit (RDAU) to each standard interface. Each RDAU i
will accept up to 48 (analog or discrete) inputs and output 16 discrete com- o
mands. Analog terminals are used to multiplex nonsampled experiment data
onto analog bus subcarriers. The analog bus also carries wideband video on
individual subcarriers.
Bulk data storage utilizes ultra-high-density magnetic-tape recording
techniques and is configured to meet high data-volume-storage requirements
and relatively slow access-speed requirements. The storage is used pri-

marily for digital data recording prior to onboard processing or return to
Earth via logistics module and shuttle orbiter for ground processing. Mag-
netic tape recorders also provide for the storage of voice and analog data.

Film is used widely as a storage media for experiment data, Film could

N e

also be used for recording certain system performance data and onboard
e operations. This use is expected to be minimal; however, Capability for

storing, calibrating, and processing film are described in Section 5. 2,

General Purpose laboratory, \
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Image~processing equipment provides a capability for seclected processing
of high-resolution video data, for transforming film data into electronic signals,
or both, Tape storage for experiment video is also provided,

Displays and controls provide the crew with monitoring and control
capability over the Modular Space Station, the subsystem, and experiment
program operations, A primary display and control center for subsystem
operation is in the Crew/Operations Module, Thig is similar to the experi-
ment operations center in the GPL which is described in Section 5,2, The
exper.ment operations center can also be used as a backup center for
subsystem operations,

Entertainment asserablies provide relaxation for off-duty crew members.
The entertainment assemblies in the DMS include TV monitors in the crew
quarters and wardroom as well as music through the speaker system, A video
reproduction unit provides a source for playing stored program material,

Figure 3-33 is an assembly-level breakdown of the data management sub-
system; Table 3-8 provides key specifications and Figure 3-34, a block
diagram. Schematic diagrams showing data management equipment in each

module are given in Figures 3-35, 3-36, and 3-37.

3.2.7 Communications Subsystem

Direct communication with the ground stations is provided by an S-band
transponder, which receives voice, commands, and ranging information at
a frequency of approximately 2.1 GHz and transmits voice, telemetry, and
ranging data at a frequency between 2.2 and 2.3 GHz. An S-band FM exciter
and power amplifier, operating at a frequency between 2.2 and 2. 3 GHz, is
also provided for the transmission of video and digital experiment data.
Two-way voice, low-rate data, and ranging communications with the Shuttle
are also provided by the same S-band transponder that is used for direct
ground communications. However, a power amplifier operating in conjunc-
tion with the transponder is required to provide simultaneous voice, data,
and ranging at ranges up to 200 km. A common low-gain S-band antenna
system will be utilized for communications with both the ground and the
shuttle.

Communications with the DRSS are provided by Ku-band transmitting and
receiving systems, operating in the 14.4- to 15, 35-GHz and the 13.4- to
14.2-GHz frequency bands, respectively. The design power output operating
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Table 3-8

SPECIFICATIONS OF THE DMS SUBSYSTEM

Data Sources

Digital Serial Rate
Discrete Commands
Analog Data Voltage
Analog-to-Digital Conversion
Remote J.imit Checking
Number of Digital Data

Bus Chanrels
Digital Data Bus Channel Rate

Number of Analog Data
Bus Channels

Digital Data Bus Terminations
Analog Data Bus Terminations
Digital Data Bus Addressing

Digital Data Transfer
Bit Error Rate
Digital Data Transfer Proba-
bility of Undetected Error
Computing Processing Rate
. Main Memory Capacity
Auxiliary Memory Capacity
Digital Data Recording Rate
Digital Data Storage Capacity

Video Recording Frequency
Response

Video Recording Time

Multipurpose Display
Capability

Video Display Capability

2790 analog (<10-kHz bandwidth), 24 analog
(>10-kHz bandwidth), 1480 discrete,

160 digital serial (data sources and
commands)

1 megahit per second

1,480

0 to 40 millivolts or 0 to 5 volts, full scale
8-bit accuracy

Bit-by-bit comparison of 7-bit words
Three, expandable up to eight

10 megabits per second

One public address, one telephone carrier
reference, one emergency call tone, one
emergency alert tone, 36 telephones, three
entertainment, one television carrier ref-
erence, eight television and video,

one onboard generated test

128
64 maximum
Up to 1, 024 unique devices

<10‘6
<1,2 x 10-10

At least 1,213, 000 operations per sec
At least 192,000 32-bit words

At least 1, 376, 000 32-bit words

At least 2, 5 x 107 bits/second

1010 bits minimum per tape reel

4,5 MHz at 3 db

Three-hr minimum per reel

96 ASCII alphanumeric character set,
1,250 characters per frame, 800 linear
inches per frame for graphics

525 commercial standard TV lines

in conjunction with an 8-ft-diameter high-gain antenna is required to provide

for commercial-quality television or high-rate digital data transmissions

through the DRSS, Multiple voice channels, medium data rates, and

turned-around ranging transmission are provided simultaneously with the

wideband transmission on a separate carrier, Simultaneous reception of

multiple voice, medium rate data, and ranging information is also provided,
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i Two-way voice and low-data~rate communications between the Space
Station and the DRSS are also provided in the VHF band at frequencies from
126 to 130 MHz and from 136 to 144 MHz, These links use a low-gain antenna
system, which will provide nearly omnidirectional coverage,

Full~duplex voice communications with crewmen engaged in extra-
vehicular activity (EVA) and the reccption of erew biomedical telemetry are
provided. These channels will utilize frequencies in the 250- to 300~-MHz
band and will be multiplexed into the VHY antenna system used for relay
satellite communications,

Figure 3-38 is an assembly~level breakdown of the communication
subsystem; Table 3-9 provides key specifications. Schematic diagrams of
equipment in the Power/Subsystems Module and the Crew/Operations Module
are given in Figures 3-39 and 3-40,

3.2.8 Onboard Checkout Subsystem
The onboard checkout system (OBCO) provides checkout and fault-isolation
support of ISS integral subsystems and experiments, as well as limited sup-

i port of subsystems and experiments within docked modules. Capabilities are

e

.

included for determining whether or not the ISS subsystem and experiments
are operating in an acceptable manner, supplying information for ISS repair
and reconfiguration actions, and verifying subsystem and experiment opera-
tion following failure correction. The OBCO is utilized as the primary check= t
out and fault-isolation tool during the postmanufacturing, prelaunch, on-orbit {
buildup, and on-orbit operational phases,

The OBCO design preferred for the ISS is an automatic, high user-

oriented system whose elements are largely integrated with or have design

commonality with other onboard hardware and software. The system takes

advantage of ISS data-management capabilities in the areas of data acquisition

and distribution, computation, storage, display and control, command genera- ;
tion, and operating system software. Special-processing and stimulus- ‘
generation capabilities that are integral to other subsystem and experiment

equipments are alsc utilized. Capabilities unique to the OBCO, however, are

provided for stimulus generation, critical measurements, and checkout soft=

ware. The OBCO function of monitoring life-critical warning functions is /
- implemented independently of DMS operation.
& Figure 3-41 is an assembly level breakdown of this subsystem; key
specifications are listed in Table 3-10. An overall block diagram depicting \
{
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Table 3~9
SPECIFICATIONS OF THE COMMUNICATIONS SUBSYSTEM

VHEF System
Frequency range
Antenna type
Transmitter power
Receiver noise figure

S~Band System
Frequency range
Antenna type
Transmitter power
Receiver noise figure

Ky-Band System
Frequency range
Antenna type
Transmitter power
Receiving system temperature

Internal Communications System
Baseband emergency voice channel
36 audio subcarriers on analog bus
18 audio terminals

126 to 144 MHz and 250 to 300 MHz
Low gain (omni)

20 watts and 1 milliwatt

4 dh

2.1 and 2.3 GHz
Low gain (omni)

20 watts and 1 watt
6 db

13.4 to 15.4 GHz

2.44 m parabolic reflector
20 watts/channel

1,000°K

OBCO elements is provided in Figure 3-42,

Stimulus generation, command

generation, and data acquisition capabilities are distributed throughout the
station as dictated by checkout data-point locations,

Local caution and warning units are located in each habitable compart-

ment, with overall status provided at both the primary and secondary

control centers. Display, control, and data-processing functions, on the

other hand, are primarily centralized with separate capabilities provided

for subsystem and experiment support, Distribution of information between
various elements of the system is primarily by the DMS digital data bus.

The ancillary test equipment shown in the block diagram is provided as part

of the GPL experiment-support capabilities. This equipment is necessary to

support checkout and fault isolation, which involves measurement require-
ments exceeding basic OBCO capabilities. These requirements are due, for
example, to the need for measurements of extreme accuracy or range, or to
nonelectrical interfaces that are not convertible to OBCO-=-compatible form.
Limited use of the equipment is expected, and it has no direct interface with
other OBCO elements.

The OCS design minimizes the need for crew participation in routine

checkout functions, but it does allow for crew intervention when special cap=-

abilities of the crew are needed or requested. It also operates largely
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Table 3-10
i SPECIFICATIONS OF THE OBCO SUBSYSTEM
Capacity
Sub - Integral 188
Function Characteristic Ayeteme | Experiments | Total Operation
Checkout Data | Serial djgital inputs; Camputer-cantralled
Acquisition =1 x 100 bpa per channel T4 B L¥
Discrete inpatsg Random or
0 ar 8 vdc 1,488 128 1,616 | requential sampling r
Analay inputa; 0—40 mv 2,790 240 3,030 [ Remately pra-
ar 0 to 5 vde procesaed grammahle limits
with = 7-bit accuracy
Stimulua ferinl digital outputs; Camputer-contralled
Genoratian <1 % 106 hpa per channel kY R 45
Disereoto autpate;
0 or 6 vde 1, 48R 128 1,616 )
Annlog outputag
0 ta 115 vde 184 128 612
Critical Caution parnmotora; Independent warning
Meaaurementa| 0 ar 6 vde dinerotoa 40 | nyatem
0 to 40 mv or 0-to Sovde annleg 292 | Loeal and contral
dinplayn
Warning paramotorn Audie nnd vinual
0 or 5 vde dincroten 18 | alarmo
0 to 40 mv or 0. to 50-vde annlog (]
Sampling rato: = § imaoo por
voeond )
Processing Oporations por socond; 40, 000 48, 000 88, 000 | Automatie
Main momory: 32-bit words 18, 000 10, 000%* 28,000 | Restructurable
applieation programs
Auxiliary momory;
32-bit words 43, 000 54, 000+ 917, 000
“Includea integral and RAM experiments *

autonomous of ground control, although a high degree of ground system

interface is possible, This is because of the system's capability for random

access, rapid disiribution, and complete control of checkout data. Any or all
checkout data points can be selected for transmission to the ground. It is {
anticipated, however, that ground . _«<out support will be limited to that 4

required for consulting with the crew on checkout and fault isolation problems;

supporting ISS quiescent modes of operation; performing large data~ |
processing tasks, such as long-term trend analysis; and conducting detailed ‘
failure analyses through examination of engineering data and failed parts that
have been returned from orbit. '
Another important aspect of the selected design is that of minimizing the
| types of OBCO interfaces. This is particularly important since the OBCO ‘
,, must interface with all other subsystems, diversified integral experiments, !
| and docked modules. The minimization of interface types, as well as a high )
degree of standardized modularity in design, assures responsiveness to /
station reconfiguration and growth.

Figure 3-43 is a schematic diagram of the OBCO subsystem.
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3,2,9 Structurc/Mechanical Subsystem

The design of the structure/mechanical subsystem is hased on the require-

ment to provide structural integrity during ground operations, shuifle launch,
on-orbit operations, and shutile return, The 10-year life imposes a require-
ment for a rugged, damage-resiastant design that car withstand hoth meteoroid
impact and accidental damage, The structural material also provides thermal
protection and radiation shielding,

The pressure shell siructure for each of the threoe modules is of the same
basic design, Differences exist only in length and radial docking port cutouts.
The eylindrical portion of the shell is 4, 1 m (160-in,) inside diameter and is
stiffened with 24 cqually- spacoed integral tongitudinal ribs and ringa spacad
every 20,3 em (8 in,) along the length, Integral end flanges provide a holted
and scaled interface with the conic transition structure,  Figure 3-44 illus-
trates the shell details for the Power/Subsystem Module,  All stiffening ribs
are located on the outside surface leaving the internal surface smooth to
facilitate on-orbit repairs, This portion of the shell is fabricated (rom
2219-T87 alloy in three segments and welded along longitudinal scams.,  The

membrance is 0,15 ¢m (0, 060 in. ) and the external stiffencrs are 2,54 cm

CONIC TRANSITION . R300

EION Q;
SEESTR

MEMBRANE DM ME

PRESSURE CYLINDER

DOCKING PORT CUTOUT

TRANSITION SECTION -

Figure 3-44, Power/Subsystems Madule Pressure Sheli
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(1. 0-in,) high measured from the inside surface, The integrally stiffened
conic structures arc used on all modules to make the transition from the

4,1 m (160-in, ) diameter to the 2, 59 m (102-9n, ) diameter docking interface,
This conic is extended on one end of the power module to interface with the
solar array support tfunnel, A spherical membrane dome 0, 15 em (0, 060-in, )

thick is used only in the Power/Subsysterma Module to form an unpressurized ,
compartment to house the Propulsion Subsystem tankage,

A ring- forged fitting is attached to the pressure shell at each docking port
cutout, This fitting formaes the end closure of the module, provides the structural
interface with other modules, provides structural support for the docking J
mechanism, and forms the frame for the pressure hatch. The fitting is machined

from a ring forging of 2219-T87 aluminum alloy. The design allows it to be used
for radial or end docking ports.

Figure 3-45 shows the basic structural concept for each of the Space
Station modules, An external shroud encapsulates the pressure shell and pro-
vides the radiating surface for the EC/LS Subsystem, meteoroid protection,
and thermal protection, The 0, 04 em (0. 016-in, ) outer surface is formed from

extruded sections which contain flow passages for the EC/LS radiatior fluid,

~—

NTEGRATED METEOROID

RADIATOR TUBES K'smmmmma

SECONDARY

METEOROID "<

SHIELD
FIBERGLASS
SHIELD

EQUIPMENT
SUPPORT
STRUCTURE

Figure 3-45, Structure Concept
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A second bumper, to protect the 1,27 em (1/2-in, ) blanket of high perform-
ance insulation, is attached to the radiatjor extrusion forming a box section,
The assembly is installed over the pressure shell and supported by fiberglass

insulators, The outside diameter of the radiatior is 4,3 cm (168-~in, )
diameter,

i

Detail design of the < rew/Operations Module and the Power/Subsystems
Module is shown in Figures 3-46 and 3-47, The power module solar array
support tunnel of 2219-T87 aluminum is 5, 59 meters (18, 35-ft) long and
1,02 m (40-in, ) inside diameter, The tunnel shell is stiffened with integral
ribs in an isogrid pattern, The membrane is 0, 127 em (0, 050~in, ) thick, '
The tunnel pressure shell is shielded with a spaced double bumper of
7075-T6 aluminum, cach sheet of which is 0, 03 em (0. 012-in, ) thick, Fifty
layers of superinsulation (doubly aluminized mylar with interspersed layers
of dacron net) are installed on the inner surface of the second bumper with
nylon pins,

The power module solar array turret is a truncated sphere of 2219-T87
aluminum which is 2, 44 m (8-ft) inside diameter, The sphere is machined
in two sections from forged hemispheres which are subsequently welded
together with the weld line located 90 degrees from the solar array masts,

A pattern of integral ribs stiffens the spherical pressure shell, A 45 degree
cone of integrally stiffened 2219-T87 aluminum provides the transition
between the spherical turret and a standard machined docking ring which
provides a standard docking interface at the solar array end of the Power/
Subsystems Module. Conical and cylindrical sections of spaced double bumper
with 0,03 cm (0.012-in.) 7075-T6 aluminum faces with 50 layers of doubly
aluminized mylar and dacron net on the inside of the second bumper provide
meteoroid and thermal shielding for the turret.

The internal support structure is a cage-type structure composed of
12 longerons and interconnecting beams spaced at intervals along the longi- ‘
tudinal axis. These beams connected at the longerons form a dodecagon ‘
shape which fits within the 4.1 m (160-in. ) diameter of the pressure shell,

The cage is pinned to the pressure shell at one end of each longeron,
thus, longitudinal loads, both tension and compression, are transmitted to
the shell through these pins. Radial loads are transmitted to the pressure /
shell through blocks which are spaced along each longeron and attached to

the pressure shell, The internal support structure provides the mounting

for all internal equipment and allows flexibility of arrangement and assembly, \
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The docking mechanism for the Modular Space Station is a neuter,
clear-center design, The structural interface is 2,59 m (102 in, ) in diam-
eter and a clear passage 1.54 m (60 in.) in diameter is provided, FEach
docking interface is the same, therefore, any module may be docked with
any other. The mechanism consists of a square frame with guide arms and
capture latches mounted in two opposite corners, The frame is supported
by eight hydraulic shock absorber/actuators. The displacement of the frame
against the force of the actuators absorbs the docking impact energy. After
stabilization, the actuators are retracted, the structural latches engaged,
and the pressure seal inflated. After two modules are docked, pressurized
access to the docking mechanism and structural latches is inherent in the
design,

Each of the docking ports which may be exposed for extended periods of
time on orbit must he protected from meteoroids and insulated thermally.
Protective covers are therefore provided. Since the module end- port cover
must be open during Shuttle transport, the cover must be stowed within a
3.8 m (15 ft) diameter envelope. The end- port covers have the same shape
as the radial-port covers and are stowed on the outside cylindrical surface
of the module when the docking port is exposed. A track and hinge mechanism
moves the cover along the longitudinal axis and then rotates it over the end
port. The radial covers are simply hinged and must remain closed during
Shuttle transport. The curvature of the docking structure-cover interface
provides clearance for the guide arms of the docking mechanism. The covers
are driven by electromechanical actuators.

A common hatch design is used throughout the Space Station. All hatches
are domed, eliptical sections, aluminum honeycomb sandwich construction,
and capable of differential rressure in either direction. A dual-seal arrange-
ment is used which consists of an inflatable seal plus a static O-ring seal.
Two sizes of hatches are used. Most provide 1.54 m (60-in.) clearance.
Three smaller hatches provide 1.03 m (40-in. )} clearance. When two modules
are docked, the domed hatches provide an intermodule IVA airlock which
allows two suited crewmen to gain access to an unpressurized module. The
selected design provides this feature with essentially no weight penalty. Each
hatch contains a 15,3 ¢m (6-in. ) diameter viewport.

In addition to the hatch viewports, 30.6 cm (12 in.) diameter viewports
are installed in each crew compartment, three in the wardroom, one at the

primary command and control console, and one adjacent to each scientific
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airlock in the GPL, The viewports are designed with dual panes to provide
protection againat meteoroids and internal damage, A mechanism for the
replacement of a viewport assembly has been designed which allows viewpaort
removal and replacement without depressurizing the module,

Figure 3-48 illustrates schematically the solar array drive and orienta.

tion mechanism, The array is driven about two axes. The longitudinal axis

drive is located between the fixed tunnel and the turret. Two independent
drives, attached to the turret, rotate the array wings in the transverse axis,

All drive mechanisms are identical and usc an electromechanical power source

and a harmonic drive for gear reduction and torsional stiffnces, The interior
of the turret is pressurized allowing the drive mechanisms to operate in an

atmosphere and allowing shirtsleceve maintenance. Each drive incorporates

a pressure balance arrangement to climinate static load on the bearings.

Design of the GPL module is the same as the crew/operations module
except that it does not have radial docking ports and includes a test and

isolation chamber. The test and isolation chamber pressure bulkhead, which
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separates the GPL into two separate pressurizable compartments is flat and

15,2 em (6-in, ) thick. It is fabricated of aluminum honeycomb sandwich,
contains a 1,54 m (5-ft) diameter hatch opening and is designed to take full
differencial pressure in both directions, The bulkhead is bolted and sealed
between two sections of cylindrical pressure shell,
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Section 4
LOGISTICS SYSTEM

The Space Station logistics ayatem provides for transportation of cargo
to and from the Space Station, rotation of the Space Station crews and rescue
of the entire erew in an on-~orhit emergeney aituation, A logistica Aaystom
was defined based on a shuttle crew carrying capahility of 4 (including 2
orbiter erew), Two crew rotation optiona wore evaluated for the ISS phase,
These are (1) transportation of erews in the orhiter and (2) usc of a crew
cargo module carried in the orbiter cargo bay., Rotating two men in the
Shuttle at 30-day intervals (required for rotation of entire six man crew
every 90 days) results in the highest operational costs due to the required
frequency of Shuttle flights, In addition, it is necessary to rotate crews on
RAM delivery flights since two men must be rotated on cevery flight due to
Shuttle flights being limited to one every 30 days (study guideline), With this
option, a rescue module is required for eme rgency return of the six-man
crew within 96 hr of an emergency. (Design of a module solely to rescue
six men does not provide the capability to transport six men in normal oper-
ations; differences in design requirements arise from the fact that the rescuc
module is manned only during the descent phase of a mission aud that
emergency rescue is a contingency operation having a low probability of
occurrence, )

The development cost of a six-man Crew/Cargo Module, however, is
higher than an unmanned Logistics Module. The total difference in DDT&E
is $24. 8 million, in production it is $14, 1 million per article or $56. 4 million
for four flight articles. In the case of a logistics-only module, one flight
article is designed for use as a rescue flight article, The cost difference
between these two approaches is therefore $71 million. These do not include
additional Shuttle costs to accommodate a Crew/Cargo Module, For example,
means of emergency egress from the cargo bay and ground support systems
for rapid transport of the crew to a safe area would be required, Therefore,

the lowest initial program cost is achieved by development of a cargo-only
module,
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Since minimum initial cost to the IOC ig the overriding study guideline,
the selected approach for planning and costing purposes is to ratate Space
Statlon erews two at a time in the Shuttle with flights every 30 days, It should
be noted, however, that the design of the Space Station does not preclude the
utilization of a Crew/Cargo Maodule, and that this approach could be readily
implemented,

For rotation of GSS crews, a Crew/Cargo Madule in required, Crew
rotation ia accomplished six men at a time and therefore the Crew/Cargo
Module ia aized to accommodate aix men,

The Loglatica Module providea a major supplement to the Space Station
on-orbit clunter heeause it remalns attached te the Station during rosupply
Intervala, The Logiatica Module prevides for (1) atorage of eensumables;

(2) ntorage of return eargo (such as waates and experiment hard copy data);
and (3) storage of cquipment (such as CMG's) which is earricd onboard and
installed to complete the Space Station buildup. The storage volume provided
in the Logistics Module minimizes the storage space required in Station
modules, In addition, it has contingency uses, such as extra crew accomoda-
tions, during the Shuttle loiter on orbit.

Figure 4-1 shows the Logistics Module in perspective and indicates the
cargo storage concept and the transfer of a large item of cargo., Routine
items of cargo are stored in standardized modules and submodules which are
moved into the Station on demand. Large items of cargo are transferred by

the crew with the assistance of a cable and brake device which is temporarily
installed for that purpose,

4.1 REQUIREMENTS

Maximum discretionary payload for the Space Station modules is obtained
by transporting some equipment and expendables in the Logistics Module,
Candidate items for logistics transport are not mission-critical during
activation and are designed for periodic replacement or have a simple instal-
lation interface. Items currently considered as logistics options for the

Power /Subsystems Module, Crew/Operations Module, and General-Purpose
Laboratory are shown in Table 4-1,

The first Logistics Module, concurrent with the first operational crew,
would transport expendables and most of the crew-related items. The second
Logistics Module launch would bring up additional expendables, two additional
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Figure 4-1. Logistics Module

crewmen, and crew equipment needed for them.,. Logistics options not
required for early operation (mainly GPL equipment) will be transported to
orbit as the logistic payload permits.

While some propellants are listed in Table 4-1 as options, sufficient
propellant is onboard the modules when they are launched for 120 days of
unmanned operation and activation. Similarly, batteries are logistics
options, but sufficient batteries for activation operations are launched
onboard, although complete repressurization gases are considered an accep-
table option prior to manred operation, A portable checkout unit is included
for use of the activation crew.

Table 4-2 defines the supplies required for an average 90-day-resupply
period, Items identified with an asterisk in Table 4-2 are planned for
replacement at cycles longer than 90 days. As an example, batteries are
replaced every two years on a scheduled basis. The battery weight shown
represents the average weight required for each 90-day increment,

The packaging weight required for solid cargo is generally 10 percent of
the item weight, For certain items such as food, batteries, and CMG's, the

packaging weight was established based on the nature and characteristics of
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Table 4-1

LOGISTICS OPTIONS FOR SPACE STATION BUILDUP

First Second
Logistics Logistics
Flight Flight
(kg) (1bm) (kg) (1Ibm)
POWER/SUBSYSTEMS MODULE
CMG's (4) 728 1,605 -—-- -—--
Battery Set No, 2 - --- 724 1,596
Rerressurization Oz (1 tank) 133 293 --- -—--
Repressurization N2 (4 tanks) 481 1,060 -—-- R
Metabolic Oy (reserve) 163 359 163 359
Metabolic Oz (contingency) 163 359 163 359
Computers No., 5 and 6 18 40 --- ---
Pumpdown Accumulators (2) --- --- 146 322
Spares/Miscellaneous 49 108 TBD TBD
1,735 3,824 1,196+ 2,636+
CREW/OPERATIONS MODULE
Battery Sets (No. 1 and 2) 724 1,596 724 1,596
Water (contingency) 246 523 246 523
Portable Life Support Units 111 245 111 245
Food and Container (backup) 143 315 143 315
Food and Container (nominal usage) 143 315 286 631
Trash Compactor-Dryer 50 110 - S
Trash Canisters 51 112 TBD TBD
Housekeeping Items 33 73 48 106
Furnishings 190 419 156 344
Personal Hygiene 14 31 28 62
Exercise Gear 34 75 TBD TBD
Spares/Miscellaneous 31 68 TBD TBD
1,770 3, 882 1, 742+ 3,507+
GENERAL-PURPOSE LABORATORY MODULE
Battery Sets (No, 1 and 2) 724 1,596 724 1,596
CO Units (2) 90 198 - -
B&C Microfilm Viewer, Hand 40 88 - ---
Controller, etc,
Data Management Recorders and 198 437 --- ---
Film Digitizer
Film Vault (3, 500 1b) Launch No. 3 _—— S ——— -———
Microfilm Retrieval Unit 218 700 _—— -
(700 1b) Launch No, 1
Miscellaneous GPL Gear (620 1b) --- - .- -
1,370 3,019 724 1,596
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LEGEND: § = Solids, L = Liquids, G = Gases, Pkg = Packaging, * = Sece Item J

Table 4-2

MODULAR SPACE, STATION (ISS) AVERAGE 90-DAY RES

Delivery W
Including Pa
(Ib)
Reaupply ltem
Subaystem Type Deseription Ttem Weight
A, Structural/Mechanical S-Spares Latches, seals, motors, etc, A
(See sub-
Lior G None required ayatem QG) )
B, Electrical Power
Power Distribution S-Spares Relays, switches, converters e
%1i£$ig§ilang Lor G None required -
Primary power S-Expend Batteries 932 + 47
C. Propulsion
High Thrust - S-Spares Valves, regulators, bhurst *
disc, seals, etc,
L-Fuel NpHy at 25u psig 20 + 4
G-Press GNy at 3,000 psig 1.5+ 1,6
Low Thrust S-Spares Valves, seals, etc, *
F-Fuel -- --
G- None required --
D, Navigation and S-Spares Sensors, electronics actuators *
Guidance S-Spares CMG bearing 2+0,5ft
Lor G None required --
E. Vehicle Electronics
Onboard Checkout S-Spares Sensors, circuit boards * :
displays
Lor G None required --
Communications S-Spares Switches, relays, tube, %
motors, etc,
LorG None required --
Data Management S-Spares Switches, displays, lights, *
electronics
S-Consum Video tape, voice cart, TV 250 + 25 ‘
film, digital tape, etc. |
LorG None required -- !
Wiring S-Spares Wire, connectors, J-boxes 54+ 0,25 1
F, Crew Systems )
Crew Life Support S-Spares Valves, sensors, restraints, * ‘
lights, etc, /
S-Consum Food (frozen, dehydrated, 1,376 + 335 1

wet pack, perishable)
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Table 4-2

= Qee Item T

«_'IN (ISS) AVERAGE 90-DAY RESUPPLY REQUIREMENTS

FOLDOUT FRAME

Delivery Weight Return Weight
Including Packaging Including Packaging ’
‘(lb) Delivery (1b) Return )
R Total Volt;me. Total Volt;me
Ttem Weight Weight (ft™) Item Weight Weight (ft™)
etc, o e e e
(See sub-
syatem G) - - -- )
e Bverters s e o G
932 + 47 979 3,0 932 + 47 979 3.0
£ s W sk 3 e
20 + 4 24 1.0 2 +4 6,0 1,0
1,5+ 1,6 3,1 0,5 0.1+1,6 1.7 0.5
e g £ b3 E 3N
. Tictuators 8 * o * * *
2+0,5ft 2,5 0. 25 2+0,5 2.5 0. 25
B “ ! ls ! & e s % e 4
“ wL - - - - - - 3
. ghts, e S FS e E3 sk }
el TV 250 + 25 275 7.0 230 + 25 255 7.0 |
e, J
" hoxes 5 + 0, 25 5, 25 0. 1 140,25 1,25 0. 1 ‘
¥ raints , e B3 B W S sk b
= ted, 1,376 + 335 1,711 53,5 10 + 335 345 53,5 /
)
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Tahle 4-2
MODULAR SPACE STATION (ISS) AVERAGE 90-DAY RESUP

LEGEND: § = Solids, L = Liquids, G = Gases, Pkg = Packaging, # = See Item J

Resupply Item

Delivery W

Including Pa

(1h)

]

Subsystem Type Deacription Ttem Weight
F, Crew Syatems S~-Consum Wipes, liners, goap, wicks, 383 + 70
(Continued) charcoal, towels, bedding,
vacuum bag liners, ‘
personal equipment
S- Trash container 75 + 5
Crew Equipment S-Spares Exercise equipment, s
medical facility
C-Consum Medical supplies, paper, 25 + 3
hobby, sports, etc,
LorG None required --
G, IVA/EVA
Portable Life S-Spares None required --
Support C-Consum Battery modules 5.5 1b/4 hr 82 + 5
LiOH 5 1b/4 hr
Oz 1.6 1b/4 hr; 108 hr/yr
2 EVA/IVA suits 140 + 7
H, Environmental and
Life Support
Environmental S-Spares Heat exchangers, valves, *
Thermal Control pumps, control assembly, 1
and Atmosphere accumulators, sensors, etc,
Reconditioning S-Consum Wicks, charcoal beds, filters, 380 + 38 4
water transfer disks, etc,
L- None required --
G-Consum 02 (metabolic) 1,058 + 1,267
G-Consum Oz airlock make-up 15,3 + 18, 4
G-Consum GNp airlock make-up 58,2 + 10,0 i
I. Life Support Pallet S- Replacement unit 88 + 5 |
(Average weight/90 days) }
J, Items lIdentified by * S-Spares Spares for all subsystems 330 + 33 “

Totals

to include both wearout and
random failure based on an
initial inventory

5,195 + 1,937
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Table 4-2

' -IAVERAGE 90-DAY RESUPPLY REQUIREMENTS (Continued)

| See Ttem T

COLDOUT FRAME 7

Delivery Weight

f:ﬁ Return Weight
i Including Packaging Including Packaging
(1b) Delivery (1h) Return
i Total Volu;me Total Volu;ne
Item Weight Weight (ft7) Item Weight Weight (ft7)
> fleks, 353 + 70 423 23,8 130 + 70 210 23,5
’ ding,
75 4 5B 75 105 433 + 5 438 105
. ne 3 e B P b
25 + 3 28 1 5+ 3 8 1
14 hr 82 + 5 87 3 170 + 5 1,75 3
"0”Ju‘l/y.r
s 140 + 7 147 14 140 + 7 147 14
Q OF » sk e % sk s %
’ Ibly,
o | ete,
st jilters, 380 + 38 418 24 380 + 38 418 24
Spete,
f 1,058 + 1,267 2,327 34 3+ 1,269 1,272 34
* 8 15,3 + 18, 4 33,7 1.5 0.5+ 18, 4 18.9 1,5
A 58,2 + 10,0 128, 2 5.5 1 +70.0 71.0 5.5
, 88 + 5 93 10 88 + 5 93 10
. rs)
St s 330 + 33 363 8 330 + 33 363 8
“t and
n an
] 2,519 (02;GN3)
’ 5,195 + 1,937 7,132 295 2,726 + 1,937 4, 663 295
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the item. The average 90-day resupply required to sustain ISS subsystems
and crew is 7, 132 1b with a volume of approximately 295 cu ft,
The open-loop oxygen system of the EC/LS subsystem requircs
32, 5 percent of the resupply weight. (Gaseous oxygen is stored in the
Logistics Module on orbit,) The battery cnergy storage system accounts for
14 percent of the resupply weight while food accounts for 24 percent of the
90-day resupply weight, F
Return cargo requirements for the crew and Space Station subsystems

are also shown in Table 4-2, All return cargo {except for trash) will he

a

packaged in the replacement cargo container and transferred to the same
atorage rack, hin, etc,, assigned to the up-cargo item. Empty trash con-
tainers will be delivered to exchange with the full containers. The average 1
90-day return cargo is 4, 663 1b requiring 295 cu ft of storage volume,

The experiment resupply and initial experiment equipment requirements
depend on the experiment program sclected. SE-06 lists the initial, resupply,
and return requirements for consumables, expendables, and spares for each
FPE. Down-cargo requirements are also provided for each item.

Based on the FPE schedule of case 534G (baseline), the average 90-day
experiment resupply during ISS operations weighs 5, 200 1b and during GSS it
weighs 8, 835 1b. These values include all experimental equipment, solids, ‘
liquids, and gases to support the operation of integral, attached, and free-

flying RAM's, but not include the delivery or return of the actual RAM's,

4.2 LOGISTICS MODULE DESIGN CHARACTERISTICS {

4.2.1 Configuration and Structural Design R

The recommended Logistic Module configuration is shown in Figure 4-2,
The nominal design weight of the module is 3, 011 kg (6, 638 1b) leaving a
discretionary cargo payload capacity of 6, 061 kg (13, 362 1b) (Table 4-3).
The configuration shown in Figure 4-2 is a typical internal arrangement for
the module, consisting of space for containerized and bulk solid cargo, and
tankage for both volatile and nonvolatile fluid transport. This configuration
provides a capacity for 13.6 cu m (480 cu ft) of solid cargo in 60 by 60 by
60 cm (2 by 2 by 2 ft) standard containers, approximately 3,40 cu m (120 cu ft)

of bulk solid cargo and 5,95 cu m (147 cu ft) of liquid and gaseous cargo. An 3
unpressurized compartment is equipped with permanent tankage for transport /
and storage of high-quantity fluids utilizing an on-orbit hard-line transfer
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Table 4-3

LOGISTIC MODULE MASS SUMMARY

Masgs
Code Description (kg) (1bm)
02, 00 Structure 1, 200 2,647
02,10 Unpressurized Compartment 0 0
02,11 Presaurized Compartment 1,183 2,609
02,15 Finish, Scals, and Spares 17 38
03, 00 Meteoroid and Thermal 501 I, 104
Protection
03, 02 Pagsive Thermal Protection 155 342
03, 04 Meteoroaid Protcetion 346 762
04, 00 Docking Provisions 279 616
04, 05 Docking Structure 279 616
06, 00 Propulsion 72 158
06, 07 Fuel Container 14 30
06, 09 Pressurization and Control 23 50
06,10 Fuel Distribution and Control 6 13
06, 14 Umbilical 14 30
06, 15 Support Structure 15 35
08, 00 Power Conditioning and 35 7
Distribution
10, 00 Electronics 207 456
10,01 Guidance and Control 3 7
10, 02 Onboard Checkout 103 227
10, 03 Data Management 28 61
10. 06 Communication 29 64
10, 15 Displays and Controls 44 97
11, 00 Wiring 75 165
12, 00 Atmosphere and Thermal Control 336 40
12, 02 Atmosphere Control and Supply 336 40
14, 00 Crew Life Support and Interiors 197 435
14, 01 Hand Rails and Restraints 31 69
14, 03 Cargo Handling 23 51
14, 04 Interior Furnishings 143 315
21,00 Residuals 109 240
21,13 Other Residuals 109 240
Total 3,011 6,638

105

el e i ent—




made for fluid mavement, The design provides a 1,52 m (5 ft) diameter
two-man airlock which serves as a crew transfer tunnel acrosa the unpres-
surized compartment-orbiter interface and provides EVA capahility to the
basic Station,

The Logistic Module ia an integral structure design which can accammao-
date a variety of cargo mixes through the use of a cage~type, dodecagon-
shaped or 12-aided internal support atructure and aecondary mounting adapter
unita, The presaurized asection, which is approximately 7, 32 m (24 ft) in
length, la formed by the cylindrical ahell with a conlc and docking port
Atrueture at one end and an Iniernal module membranc=type, dome-shaped
bulkhead at the other, The unpreanurized seection Ia formed hy the internal
bulkhead wall, the eylindrical shell, eonic end, and a 1. 52 m (5 ft) tunnel
goction,

The eylindrical portion of the module strueture shell emploeys the same
design as other modules. It is stiffencd with 24 integral, lengitudinal ribs
and rings spared svery 20, 32 cm (8 in. ) along the length, The 0. 15 m (0, 060 in.)
spherical membrane dome and the integrally stiffened conic structures will
be fabricated from 2219-T87 alloy material as will the cylindrical shell,
Bolted joints are used to assemble the major structure sections (pressure
shell, conics, bulkhead, etc.) to facilitate manufacture and assembly of the
module,

Meteoroid protection for the Logistics Module is achieved by using a
double-wall meteoroid bumper design. The double wall consists of an
0. 016-in. -thick inner shield separated 1. 125 in, by ring frames on 20, 32 cm
(8 in. ) centers. High-performance insulation is mounted beneath the inner
shield, supported on the inner shield, supported on the inner leg of the ring
frame stiffeners. The insulation blanket design provides the thermal char-
acteristics needed to maintain the pressure shell wall temperature above that
of the ambient module air to eliminate wall condensation.

The Space Station interface end of the module contains the standard 2, 58 m
(102 in, ) diameter docking ring structure and neuter docking mechanism
utilized on all other modular station modules. A 1,52 m (5 ft) diameter clear

opening hatch is provided at this interface for ground loading of cargo and
on-orbit transfer,

The orbiter interface end of the module is also equipped with a standard
docking port mechanism and interface structure. The cylindrical tunnel sec-
tion is . 52 m (5 ft) in, diameter and is 1, 52 m (5 ft) long, Hatches of
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1,02 m (40 in,) in diameter have been incorporated in the airlock, Size
selection was bhased upon personnel transfer as the prime function. The
hinged hatch can be opened from either side and is identical to the hatch pro-
posed for the turret end (orbiter docking end) of the basic Station Power Suhb-
systems Module,

‘The tunnel section through the unpressurized compartment undergoes
atructural deflection hetween the internal bulkhead and docking frame as a
reault of preassure differential in the module compartmente during ascent and
descent. A soft joint at one of the tunnel-support structure interfaces
aceommodatea this structural deflection and provides the required thermal
inolation in a single design,

The design criteria for the structure-mechanical subsystem of the
Logistice Module is essentially the same as for the basic Station modules.
Environmental stresses occur periodically for the Logistics Module due to
its multimission usage; however, the overall influence of these effects is
minimal, being well within the limits of the design of the basic Station modu-
les. A high degree of commonality therefore exists between the Logistics
Module and the basic station modules, Foremost in this commonality is the
carryover in the structure-mechanical subsystem. Specifically, this includes
the pressure shell sections (different only in length), the end conics, docking
interface structure and docking mechanism as well as the dodecagon-shape
internal support structure. The hatch designs as noted earlier are used on
the basic Station modules, Similarly the internal membrane dome bulkhead
is used in the Power/Subsystem Module.

4,2,2 Cargo Accommodation

The internal support structure provides. +he primary interface for the
individiaul or modular cargo support adapters, This cage-type structure is
composed of 12 longerons and interconnecting beams spaced at intervals
along the longitudinal axis, These beams connect to the longerons and form
a dodecagon shape which fits within the 4. 06 m (16C in. ) diameter of the
pressure shell, The cage is pinned to the pressure shell at one end of each
longeron; thus, longitudinal loads, both tension and compression, are trans-
mitted to tue shell through these pins. Radial loads are transmitted to the
pressure shell through blocks which are spaced along each longeron and
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attached to the pressure shell, Using this structure as an effective strong-
back, considerable flexibility is achieved in cargo mix and arrangement with
little impact upon the primary structural elements of the modules.

Palletized cargo is accommodated in this system through a modular
framing adapter designed to support various standard-sized pallets in incre-
ments of 60 cm (2 ft) cukes. In the baseline configuration, six bays of 10 pal-
lets each can be accommodated. This modular framing adapter is nominally
configured by removal or relocation of support members to accept cargo up
to the size that will pass through the 1, 52 m (5 ft) diameter docking hatch,

The forward or docking end of the module is utilized for stowage of bulk
or special cargo items. This area is sized to accept items such as CMG's,
food freezers, a trash compactor, and experiment items of a shape and size
not conducive to efficient volumetric palletized packaging. The suppert con-
cept for these items includes the use of special adapters tailored to the
individual cargo units for support and interface to the strongback cage-type
support structure described earlier.

As the need arises, the bulk cargo volume can be increased by the
removal and replacement of bays or rows of the modular support structure
for palletized cargo with additional special support adapters. Using this tech-
nigre, nearly unlimited flexibility and versatility of cargo mix is provided in
the pressurized compartment.

The unpressurized compartment tankage required for the worst case mix

and quantities expected is as follows:

Fluid 30-in. Tanks Required

Metabolic Gaseous Oxygen 8
Experiment Support Gaseous 3
Oxygen

Propulsion System GN, 4
Atmospheric GN, ‘ 1
Propellant (N2H4) _E

18 Tanks

The 30-in. -diameter tank size was selected for the Logistics Module to retain

commonality with the pneumatic tanks used in the basic Station modules.,
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4,2.3 Rescue Module Configuration

The Logistics Module provides a six-man reacue capability, Since the
module is manned only during the descent phase, scat orientation and crew
egress requirements need consider only the reentry and landing conditions.
The configuration shown in Figure 4-5 is a modified Logistice Module with
six crew seats installed, The seat design is a simple web structure mounted
between rails that extend between top and bottom attach points on the module r
internal support structure, The seats are adjustable from an upright seated
position to a fully reclined position, The adjustment is made by sliding the
back section up the rails and locking it in the desired position, The seats
are oriented ia a rearward-facing position for proper alignment for reentry
and landing forces. The web structure of the seat provides a large body
contact area for the g forces of deceleration and landing. The flexibility
provided in the seat position, as shown in Figure 4-3, allows the crewman
to assume any desired position,

Simplicity of the seat design allows installation in the module to be per-
formed in a relatively short time, FEach seat is an independent unit for ease
of entry through the 1.52 m (5 ft) diameter hatch. The seats are arranged in
two rows, three deep, with a center aisle between the rows for ingress and
egress. Arranged in this fashion, the seat modules are identical,

Support services including power and communications are supplied from
the orbiter subsystems. FEach seat station will be equipped with an emergency
oxygen mask and portable oxygen bottle supply. Space is also available in
the module for incorporation of contingency equipment such as survival gear, 1
if these provisions are not available from the orbiter, 9

Normal egress from the module after landing occurs is through the orbi-

ter tunnel interface; the orbiter crew provisions are used for alighting to the
ground,

4.2.4 Subsystems

The Logistics Module requires only minimal subsystems since it (1) is ‘

unmanned except when on orbit and when used for a rescue mission and

(2) receives support services from the Space Station and orbiter vehicle.

B~ R

These support services consist of power, conditioned air, and monitoring,
warning, and display of parameters associated with module habitability, /

(on-orbit only) system status and cargo status. This section describes the
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environmental control and data management/communications provisions of

the Logistics Module (the structural-mechanical design is described in Sec-
tion 4,2, 1),

4,2,4,]1 Environmental Control

The environmental control system provides atmosphere distribution,
atmosphere dump and relief, module pressurization, resupply gas pressure
regulation, pumpdown pressure control, and postlanding ventilation during
normal operation, Atmosphere conditioning on-orbit is provided by
interchange air from the core modules.

Emergency provisions are included in the design to provide essential
EC/LS functions when the Logistics Module acts as a crew refuge or an

emergency rescue vehicle. Essential services include metabolic O2 supply,

humidity and CO; control, cooling, emergency food, waste management, and

medical supplies,

An active thermal control system is not required during normal opera-
tion; the thermal capacitance of the structure and low heat-leak prevents

excessive interior temperature excursions. Cooling is required during

emergency crew occupancy and this is provided by the water boiler in the

96-hr pallet. During normal operation when the Logistics Module is attached

to the Station, thermal control is provided by the interchange of air from the
core modules.

The Logistics Module must be maintained as a habitable volume during
both normal and emergency operation. Detailed performance requirements
are given in Table 4-4. Figure 4-4 is a schematic of the selected design for
the Logistics Module. Conditioned air is provided by the EC/LS equipment
located in the basic Space Station modules and distributed in the Logistics
Module with a fan (item code 2903) and distribution duct. The distributed air
picks up humidity, CO,, and contaminant loads in the module; they are

returned to the basic Space Station EC/LS system through a return duct to be
processed,

The normal resupply O, and N, is stored in tanks at 2. 06 x 104 kN/sq m

(3, 000 psia). As a safety precaution, the gas is reduced in pressure before
being withdrawn for use in the Space Station. Pressure--sgulating valves

(1202) reduce the pressure to 410 kN/sq m (60 psia) at the tank outlet lines.

111

o\ ooy 7';-%‘ R

P




Table 4-4 -

ENVIRONMENTAL CONTROL SYSTEM PERFORMANCE
REQUIREMENTS

) Atmosphere Supplf and Control

Atmosphere Relief Relieves cahbin pressure at
105, 5 + 1,4 kN/m? (15 % 0, 2 psia), f
Dump largest compartment to
6, 89 kN/m?2 (1 psia) or less in

3 min
Atmosphere
Oxygen Partial Pressure 21, 4 kN/m2 (3.1 psia) J
Total Pressure 101 kN/m? (14, 7 psia)
Atmosphere Reconditioning
CO, Partial Pressure Normal -~ 0. 4 kN/m2 (3 mm Hg)
or less

Emergency 1.0 kN/m2 (7. 6 mm Hg)
maximum for 7 days

CO2 Generation Rate, Peak/ 0.354/0. 260 kg/hr
Average (0.78/0. 575 1b/hr)
O2 Use Rate, total Average 0.218 kg/hr (0. 481 1b/hr)
Free Moisture in Atmosphere None allowed —
Metabolic Levels Normal - 136 w (465 Btu/hr) for
24 hr
Design - 235 w (800 Btu/hr)
(2 men)
Atmosphere Temperature 18.4 to 23.9°C (65 to 85°F) ‘
Dew Point Temperature 7.2 to 14. 5°C (45 to 58°F) with \i
transients allowed to 4. 5°C (40°F)
Velocity in Occupied Regions 0.1 to 0. 25 m/sec (20 to 50 ft per
min)
Design Latent Load 310 w (1, 060 Btu/hr)

The airlock located at the end of the Logistics Module is used as an EVA

airlock during normal mission operations. To conserve airlock gas during

crew egress, the design provides for airlock pumpdown. The system, located
in the Crew/Subsystems Module, pumps the air from the airlock, The pump-

down air is siored in an accumulator in the Power/Suhsystems Module, Upon

O SN

crew ingress, the airlock is repressurized with the accumulator air,
A post-landing ventilation capability has been included in the design to /

allow ambient air to be drawn into the module when used as an emergency

rescue vehicle. An investigation has shown that the cargo bay temperature

in the Shuttle will be sufficiently low near landing so that ambient air \
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ventilation can be used. The air is drawn into the module through a vent
fan (2906).

Figure 4-4, EC/LS System Schematic

During normal Logistics Module use, a 96-hr pallet (5500) is located
onboard for crew use during an emergency. The pallet provides essential
services for a three-man crew and relies in ho way on other Space Station
support.

The Logistics Module serves as backup function for crew rescue. The
module is outfitted with restraints and essential services for return of the
six-man crew. Two 96-hr pallets are used during this mode to support the
crew. The pallet provides crew metabolic O2, potable water, food, waste
storage, and emergency medical supplies. A water boiler is provided which
cools the atmosphere and condenses out excessive humidity. The boiler
functions while in orbit and during reentry until the atmosphere is encountered,
There is sufficient thermal capacitance in the module atmosphere and equip-
ment to absorb thermal loads and humidity until the postlanding fan is activa-
ted prior to landing. Maximum interior temperature is estimated to be
37.8°C (100°F). A canister of LiOH removes crew-produced CO, from the

air. Sufficient batteries are included to operate the pallet equipment and
provide for minimal lighting.
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Thermal control during prelaunch operations is not required because the
bay is purged with dry, temperature-controlled gas, Also, the cold radiation
environment from the lower bay will be compensated for by the warmer
upper-bay environment; the pressure shell ig sufficiently thick to preclude
large temperature gradients around the periphery of the module, Super ,

insulation will provide sufficient insulation to prevent large losses of heat

-

from the module, During prelaunch and launch, no appreciable electrical
power will he generated in the module,

The module is subjected to temperatures during launch of up to 149° ¢
(307°F) in the Shuttle bay, In this environment, a surface of zero thermal
capacitance would become hot (82, 2° to 110°C or 180° to 230°F). The Logis-

tics Module has considerable thermal capacitance, especially around the

pressure shell, and therefore excessive temperatures are not expected

Since mylar super insulation can be distorted by temperatures above
: _ 107°C (225°F), the outer layers of insulation should be made of Kapton, which
o can tolerate temperatures up to 426°C (800°F),

Once the Logistics Module achieves orbit, the super insulation is
effective in maintaining a low heat exchange between the module and the sur-

rounding Shuttle bay. This is due in part to the low emissivity in the current
LY e design for the Shuttle bay interior walls.

While the Logistics Module is attached to the Space Station, conditioned
atmosphere will be supplied from the Space Station EC/LS system. As much {
e as 136 cfm may be supplied, which enters the module near the selected Space h
N Station temperature. Assuming the air enters the module at 24°C (75°F) and
leaves at 18, 3°C (65°F), about 420 w (1, 430 Btu/hr) of heating is provided.

In a similar manner, about the same amount of cooling can be provided. By

reduction of heat shorts in the structure and by proper outer surface coating

design, the heat loss or gain through the module surface can be kept below
these values.

During descent, local surface temperatures on the module may approach.
93.3°C (200°F) in areas with small thermal capacitance. With the outer few

layers of insulation made of Kapton, the anticipated temperature levels should
not present a problem. /

e R* o em e

Frozen food is stored in well-insulated containers which are transferred

to the Space Station freezers after arrival. Frozen food reaches -9.5°C
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(+15°F) ahout 84 hr after loading if it is initially subcooled to ~54° C(~65°F),
This is adequate time to effect tranafer. Fresh perishable foods are also
carriad in insulated containers,

4.2.4,2 Data Management and Communications

The data management/communications subsystem in the Loglatics Module
supporta the following functiona: (1) voice communications; (2) monitoring of
critical measurements; (3) determination of system compartment status:

(4) periodic subsystem checkout; and (5) spares and consumablea management,
The interface between the various elements of the subsystem is a data bus
accepting and transferring both video and digital data. An additional interface
is provided in the form of