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ABSTRACT

The objective of Grumman's Manned Space. Systems Habitability IR&D project is
to develop guidelines and design criteria for Space Station habitat modules by focus-
ing on three related functional disciplines: human factors, interior architecture, and
crew support. Specific objectives for Interior Architecture study are:

e with the aid of scale models and existing mockups, select two or three of the

most promising architecture candidates for continued evaluation

¢ using full scale mockups, evaluate the most promising candidates and select

the preferred one

e construct a high fidelity mockup of the selected concept for in-depth evalu-

ation.

This report presents results of the evaluation of three architecture candidates
to select the preferred concept for further study. The evaluation approach is de-
seribed, and the rationale for selection is given. Other concepts that reflect new
interest in the space community for mndulés with a multipurpose or combined habitat
role are also discussed, as well as plans for fabricating mockups to support studies
and evaluations during the coming year.



1 - INTRODUCTION

This is an interim report for the Interior Architecture study conducted within
Grumman's Manned Space Systems Habitability IR&D Project described in Reference

{1).

The overall objective for the Manned Space Systems Habitability Project is to
develop guidelines, design criteria, and concepts for Space Station habitats and hab-
itability functions that will enhance the crew's living accommodations in space, and
provide an environment for achieving a high productivity level. Human factors,
interior architecture, and crew support disciplines play important, interrelative
roles. This report focuses on the interior architecture contribution to this project,
which is scheduled for completion in September 1986.

1.1 STUDY OBJECTIVES
¢ The long-term objective is to select and refine preferred concepts, and to
build high-fidelity mockups of the selected habitat configurations
¢ Develop multipurpese and combined habitat function modules to reflect the

growing interest in such concepts
e Utilizing appropriate mockups, develop, demonsirate, and evaluate the fol-
lowing:
- Support structure interfaces for equipment and facilities
- Utilities interfaces
- Manufacturing techniques
- Coordination of work activities with work sites
- Crew use of all crew accommodations
- Common man/machine work station interfaces
- Housekeeping techniques
- On-orbit maintenance and reconfiguration capabilities
- Stowage concepts
- Timelines, work duty cycles, and human productivity to the extent prac-
ticable at one "g".



2 - SUMMARY

This report documents the results of evaluations conducted to select the pre-
ferred interior architecture for further study. '

The candidate concepts evaluated during 1983 were: NASA reference, central
core, service deck, center beam, and multi-beam loft. After extensive analysis, the
service deck, central core, and multi-beam loft were selected for further evaluation.
The service deck was replaced for evaluation by its derivative, the interstitial
deck.

The evaluation aids used for the selection process were low fidelity full scale
mockups and 1/25th scale models of the habitat modules. Full scale partial mockups
of the crew quarters and laboratory for the multi-beam loft and central core were
also constructed to aid in the selection process.

Selection criteria for the first evaluation were established by a joint
Rockwell/Grumman team. These criteria were weighted to emphasize architectural
concerns and were judged on a rating scale of zero (unacceptable) to four (excel-
lent). Four evaluation teams, Requirements Assessment, Architecture, Crew Facil-
itles, and Operations, rated the concepts by functional site, e.g., crew quarters,
galley, wardroom, waste collection, personal hygiene, operations work station,
maintenance work station, health medical facility, exercise area, plus an overall
rating.

A second evaluation was held using NASA-developed criteria related to Manned
Systems, Programmatics, and Engineering and Manufacturing.

The major conclusions reached at the end of the evaluations were consistent and
reflected Rockwell and Grumman agreemént:

e Loft and central core concepts can meet NASA requirements

e No standout winner; functional differences tend to cancel out

e Astronauts and architects tend to prefer the loft to live in for 90 days



- More "natural appearing” environment
- Better ease of movement
- More usable volume

e Loft is more consistent with the general trend toward the open center compat-
ible with laboratory and logistics modules.

Therefore, the loft concept was chosen for further study.

There is growing interest in the space community in developing multipurpose
modules, i.e., modules containing laboratory and habitat functions. Also, a
"combined" habitat module concept containing all functions for crew habitation and
station management is gaining support. These concepts are a departure from those
studied in 1985 which addressed a separation of functions into two modules: an
"active” module for crew activities for station management, meal preparation and
consumption, exercise, etc, and a "quiet" module, containing functions primarily
associated with crew rest and medical diagnosis and treatment.

A mockup design and fabrication plan and schedule to support the studies and
evaluations are discussed along with rationale for the use of each mockup.



3 - ARCHITECTURAL MOCKUPS EVALUATION

3.1 CANDIDATE CONCEPTS EVALUATED
During the early part of 1985, preliminary studies were conducted for five habitation

module architectures:
o MNASA Reference
« Center Core
s Service Deck
o« Center Beam
° MuIti-Beém Loft.

The NASA reference design has an open, roughly rectangular center with the major
subsystems installed above the ceiling and belTow the floor.

The central core concept houses the cormon subsystems at one end of a central
wertical slab of equipment, with crew accommodations within the central core and on either

side.

The service deck houses common subsystems in “donuts” at each end of the module, with
most equipment along the side walls. Utilities and stowage are Tocated primarily in an
interstitial deck.

The NASA center beam concept has a single, nearly central utility and mounting
support beam to which equipment and stowage units are attached.

The nulti-beam loft is an upside down derivative of the service deck with equinment
grouped on either side and specialized habitable zones in the upper portion or "loft".

After analysis of the five confiqurations, three were selected as the most
promising candidates for continuing development, the multi-beam loft, central
core and service deck. This effort led to the selection of the ¢entral core and loft
concepts for further development and evaluation. A detailed description of the



architectural concepts and rationale for selection of the core and loft are contained
in the Grumman report SS005/ATD-02, "Manned Space Systems Habitability, Habitat
Module Interim Architecture and Mockups Initial Report,” 29 August 1985.

A detailed description of the service deck is contained in Reference (2) and is
attached as Appendix I.

Some key characteristics of the central core concept are:

e Takes advantage of weightless neutral body posture to separate traffic
vertically and horizontally from work stations

e Two-level architecture

" - Passive, quiet activities below

- Active 3-D motions traffic above
- Each work station compartment separately accesses aisle - no choke points
- Inboard facing posture compatible with pressure shell curvature
Full, direct observation and access to pressure shell interior surfaces

¢ Movable, passive, non-plumbed stowage containers on curved pressure walls.

Some Key characteristics of the multi-beam loft are:
¢ Two-level architecture
- Specialized/private upper level
- Generai/communal lower level
e Axial transit path straight through module - end port to end port
- Direct access to path from all zones
- Path not blocked by maintenance
e End "Donuts" for ECLSS, Power, TCS
- High packaging efficiency
- Three-side equipment access
e Open midsection for habitation
- Access to wall and back of ORU racks by hinging
- Adaptable to various store/equipment needs.

These characteristics provided the basis for narrowing the field of candidates to
these two for selection as the "best" architectural concept.



3.2 EVALUATION AIDS USED
During the architectural development process, several mockups and models were

constructed and evaluated. Low fidelity full-size habitat mockups for each concept
were constructed as described below to aid in the selection process. In addition,
1/25th scale models were fabricated and used in the evaluations. Figure 3-1 shows
the mockup area at Grumman used for the evaluation. Figures 3-2 and 3-3 are typi-

cal models used as evaluation aids.

Fig. 3-2 Central Core - Habitat 1 Model 1/25th Scale



Fig. 3-3 Loft - Habitat 1 Model 1/25th Scale



Loft Concept (Fig.3-4)
A. Habitat No. 1

This mockup is a cylinder of 165 in. internal diameter and a cylinder length of
28 ft representing a complete habitat. It features an open center, horizontal

arrangement of two levels, an upper level (loft) and a main level. The internal
furnishings provided in this module were those associated with crew activities during

their active hours, and include:

Galley/wardroom

Waste collection compartment with appropriate facilities volumetrically repre-
sented

Personal hygiene compartment with appropriate facilities volumetrically repre-
sented

Exercise area

Medical facility

Miscellaneous stowage volumes

Operations work station

Electronic equipment racks

ECLSS equipment volume

Power/Thermal equipment volume.

Fig. 3-4 Loft - Habitat 1 Full-Scale Mockup
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B. Crew Quarters (Fig. 3-3)
A partial full-size mockup of a typical crew quarters with its full complement of

furnishings was constructed.

Fig. 3-5 Loft - Crew Quarters Full-Scaie Mockup
C. Laboratory (Fig. 3-6)

A partial full-size mockup of a laboratory segment showing how the loft concept

is a viable architecture for conducting experiments in a zero-g environment.

Fig. 3-6 Loft- Laboratory Segment Full-Scale Mockup

10



Central Core Concept (Fig. 3-7)

A. Habitat No. 1
This mockup is a cylinder of the same dimensions as the loft mockup. It fea-
tures a horizontal, two-level architecture with the cylinder divided lengthwise at the

vertical diameter by equipment racks called the "core." The interior furnishings
provided are similar to those in the loft but with some differences as noted below:

Galley/wardroom in lower portion

Waste collection compartment in lower portion of the cylinder

Personal hygiene compartment in lower portion of the cylinder with individual
dressing rooms on each side of the core

Health exercise and medical facilities in upper portion, with medical facility
sectioned off with erectable partitions

Miscellaneous stowage containers

Operations work station in lower portion of the cylinder on one side of the
core

ECLSS in end portion of the core

Subsystem equipment in lower portion of the core.

rerEen

tx

i

Fig. 3-7 Central Core - Habitat 1 Full-Scaie Mockup
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B. Crew Quarters (Fig. 3-8)
A partial full-size mockup of a typical crew quarters with its full complement of

equipment and furnishings.

Fig. 3-8 Central Core - Crew Quarters Full-Scale Mockup

C. Labaratory (Fig. 3-93)
A partial full-size mockup of a laboratory segment showing how experiments and
equipment could be accommodated.

Fig. 3-9 Central Core - Laboratory Segment Fuil-Scale Mockup

12



A third architectural concept, the interstitial deck, was evaluated along with
the loft and central core. No full-scale mockup was built, but a 1/25th scale model
of a habitat was used for evaluation.

3.3 EVALUATION APPROACH
A series of architecture reviews was held during the last quarter of 1985 to

assess the candidate concepts.

For the first review, an evaluation criteria was established to be applied to the
various aspects of architecture review, from functional units to the overall architec-
tural configuration. These criteria, listed below, were weighted to emphasize archi-
tectural concerns. The order and value of the parameters varied according to the
emphasis placed by the various review teams. .

e Free volume (useful)

Ease of movement (circulation, traffic)
Volumetric efficiency (shape factors)
Modularity (in-orbit reconfiguration)
Cleaning/sanitation

Safety

Useability (functional performance)
Orientation

Esthetics, amenities, ambiance
Availability

Access to pressure shell

Mobility and restraint

Neutral body position

Maintainability

Stowage

Functional site interrelationships
Window locations

Commonality.

The rating scale used by all evaluators is shown below:

0 = Unacceptable: Poor; must be rethought and redesigned

13



1 = Minimally Acceptable: Bearable; minimally fuifills requirements but needs
rethinking and redesign

2 = QGood: Well-designed; some improvement may be needed
= Very Good: Very well done; no improvement necessary
4 = Excellent: Strikingly well-designed; no better configuration comes to
mind,

The review teams created for the evaluation provided a broad, comprehensive

survey of the concepts.

The Requirements Assessment team was concerned with compliance to wvarious
requirements; the Architecture team emphasized traffic flow, volume usage, func-
tional site arrangements, accessibility; Crew Facilities team focused on crew support
elements, e.g., galley/wardroom volume and arrangement, waste collection and per-
sonal hygiene facilities arrangement and adequacy from the standpoint of crew use;
and the Operations group centered on maintenance, maintainability, and other cpera-
tional conditions.

All teams evaluated nine functional sites: crew quarters, galley, wardroom,
waste collection, personal hygiene, operations work station, maintenance work sta-
tion, health medical facility, exercise area; all teams also provided an overall eval-
uation for a total of 10 ratings for each concept.

Later evaluations used different criteria:

Manned Systems Criteria:

e Takes advantages of zero-g body posture and motion

e Accommodates anthropometric range of ¢crew members

e Traffic patterns provide for easy, safe and non-interfering movement of crew
and equipment

e Easy access to the walls by shirt-sleeved crew members for inspection, re-
pair, maintenance and/or cleaning

» FEasy access to all equipment surfaces for inspection, repair, maintenance
and/or cleaning

e Minimize {ixed/permanent secondary structure

14



e Easy on-orbit reconfiguration, including outfitting, removal and/or replace-
ment of equipment and utilities is provided

Provides an open environment

Environment is stimulating, creative, or soothing as appropriate

Accommodates a variety of on-orbit window placements

Permits rapid egress from any location in the module

Provides for both inter- and intra-module growth (including crew size,
power level, utilities,- fluid storage and transfer systems, etc)

Replacement of a piece of equipment, or access to a volume, does not require

removal of other equipment

Environment/architecture is user friendly (functionally efficient)
Architecture optimizes for zez;o-g' environment

Volume efficiency (crew usable, equipment, unusable)

Maximizes equipment surface area {control/display and stowage)

Airflow pattern avoids dead air spaces and enhances particulates collection.

Programmatic Criteria:
Cost

Schedule

Weight

Flexibility
Technological risk
Operational risk
One-g training..

Engineering & Manufacturing Criteria:

Interface complexity

Extent of commonality

Assembly, checkout and integration

Quantity and complexity of tooling and test/verification equipment
Degree of modularity

Producibility

Schedule impacts.

Ratings from all teams were compiled, and brief explanations of overall eval-
uations of the architectures were supplied by each team.

15



3.4 EVALUATION RESULTS & RATIONALE
At the conclusion of these evaluations, the loft architecture was selected as the

most viable of the candidates for Space Station operations and will be studied in
greater detail in 1986.

The general conclusions reached after each evaluation were consistent and re-
flected Rockwell and Grumman agreement. The evaluations were extensive and spanned
several days each. The mix of interest of the review teams as well as the caliber of
personnel that participated, and the consistency of conclusions lends confidence that
the "best" architecture was selected. Continued work on the loft will address a
longer module length now envisioned for the Space Station, as shown in Fig. 3-10
through 3-13.

The major conclusions reached at the end of the evaluations are:
e Loft and central core concepts can meet NASA requirements
® No standout winner; functional differences tend to cancel out
e Astronauts and architects tend to prefer the loft to live in for 90 days
- More "natural appearing” environment
- Better ease of movement
- More usabie volume
e Loft is more consistent with general trend toward open center compatible
with laboratory and logistics modules
e Loft concept was chosen for further study.

16
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4 - RECENT ENTRIES FOR STUDY

Since the selection of the multi-beam loft concept as the preferred architecture,
it has become apparent that interest is growing in developing a Space Station module
that serves more than one purpose, specifically laboratory functions with some crew
support functions. At the same time, there is renewed interest in the concept of a
single module containing all functions needed to provide a habitat for the crew.
These concepts are discussed in subsequent paragraphs.

4.1 MULTIPURPOSE FUNCTION CONCEPT

In this concept, a module is configured to provide a work area, or laboratory,
for experimental use, and some functions required by the crew to support both labo-
ratory activities, station operations, and certain provisions for crew comfort. The
habitat functions associated with this concept will more than likely be a maintenance
work station, a command and control station, waste collection and personal hygiene
facilities, stowage, and emergency gear. Figures 4-1 and 4-2 depict a preliminary

multipurpose module.
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Preliminary studies are underway to determine functional site relationships,
volumes required for equipment and access, and utilities requirements.

Interest in this concept is so strong that a full-scale mockup of a multipurpose
module is included in the study plan for 1986. This mockup will be used to study
and evaluate reconfigurability of the laboratory to address the problem of frequent
replacement of experiments, and to determine the engineering and cost implications of
utilities interfaces peculiar to a laboratory. Safety and maintainability issues will be
identified and solutions developed.

4.2 COMBINED HABITAT CONCEPT
This concept was studied briefly in 1985 as reported in Reference (3), but was

put aside to concentrate on the separate habitat module scenario. However, the



space community has expressed renewed interest in this concept, so a combined habi-
tat architecture has also been included in the study plan for 1986. Here also,
interest is so strong that a full-scale mockup of a combined habitat is plannéd for
1986 to study the ramifications of combined habitat regarding crew traffic flow, func-
tional site relationships, site volumes required  versus available space, utilities
interfaces, reconfigurability, maintainability, and the whole range of man/machine
interface issues that will surface due to the combination of all habitat functions in a
single module. Studies have commenced to develop ruling cross-sections and func-
tional topographies that will lead to a full-scale mockup design. Figures 4-3 and 4-4
depict a preliminary arrangement for a combined habitat.
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5 - MOCKUP PLAN

To aid in the development of man/machine interfaces at functional sites, full and
partial full-scale, higher fidelity mockups as well as 1/24th scale models are planned
to be fabricated in 1986. These mockups will be of sufficient fidelity to afford con-
fidence in the results of evaluations and demonstrations.

The mockups planned have been selected because they are needed to either de-
pict three-dimensiohally a key interface such as utilities attached to a hinged rack,
proximity of personnel in motion (e.g., exercise), evaluate timeline-critical functions
as in a galley, patient - attendant relationship issues (as in the health medical diag-
nostic and treatment facility), assess volume constraints in crew quarters and waste
collection facilities, and evaluate traffic flows, access volume, maintainability, and
reconfigurability in the full modules.

A plan ‘has heen developed and is presently in operation to provide these
mockups so that issues, solutions, and conclusions can be included in the final
report. Figure 5-1 depicts the mockup plan.

MOCKLP FEB MAR APR MAY e JULY AUG SEPT oct

COMBINED HAB =~ =¥ - S, _ 57

CREW GUARTERS VA —3 7 - o V4

HMF EXERCISE AV ) —~m = 7

GALLEY A S == ]
WASTE COLL. FAC. S~ S/ = 7

HINGED EO. RACK N s =~ = - &

1/24TH SCL HAB. V?F—‘a-_-;v I I

Fig. 51 Mockup Plan
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I. INTERNAL ARCHITECTURE CONCEPT STUDY

"The Four Corner Modular Truss Concept"

I.1.0 INTRODUCTION

For the past year the Rockwell/Grumman team has been studying
architectural arrangements for outfitting the habitats on the
Space Station. To date, trade study #11 has devoted all its
effort on two concepts, one called the "central core" and the
other the "interstitial deck", defined as a derivative of the
Service Deck concept. Recently a third concept called the "Loft"
has been investigated. These three concepts were developed into
low fidelity mock-ups of the "Loft" and "Central core" and a semi
hi-fidelity 1/25th scale model of the "Interstitial Deck".

During the past months, NASA developed the "Central Beam" and the
"Quadrant Beam Modular" concepts. Their requirement was to define
an architectural concept which satisfies the habitats,
laboratories and logistic modules. In doing so, the primary
object would be to define the common mecdule which could be
provided by the Work Package #1 team members,

The '"Quadrant Beam Modular" concept was investigated as part of
Grumman's Internal Architecture Concept Study (IR&D). The
enclosed material was developed using the expertise gained from
Trade Study #11. This architectural arrangement has been entitled
"The Four Corner Modular Truss Concept",

I.2.0 DESIGN GOALS
I.2.1 Primary

The primary goal of this study was to develop an architectural
concept which satisfies the requirements for habitats,
laboratories and logistic modules. The material contained herein
has detailed the configuration of the architectural concept as
applicable to habitats with various crew sizes and module
lengths.

Only preliminary sketches have been made to determine how this
architecture is used to outfit the laboratories and logistics
modules. The secondary support structure developed seems to be
compatible to the installation requirements of the laboratories
and logistics modules. Additional work needs to be accomplished
either by Grumman under the IR&D study or by Work Package #1
outfitters.

[-2



I.2.2 Secondary

I.2.2.1 Definition of an Architectural Concept - "Four Corner
Modular Truss™®

The first goal in this exercise was to develop an architectural
scheme that meets the primary goal of one system for all module
outfitting. The "Four Corner Modular Truss" concept is an attempt
to achieve this goal. Drawings #2, 3 & 4 establish the basic
internal geometry for this system,. With this system, all
internal furnishings in the habitats are interfaced with the WP
#1 secondary structure provided. Except for clips, to tie down
wire routing and ducting, the pressure shell is never used for
mounting the facilities in the habitat.

The utilities run, air circulation patterns and gross module
packaging for ECLSS, power/thermal and safe haven are defined as
common units for all modules.

_I.2.2.2 Def;nit;on of Work Package #1 Hardware

In the interest of commonality, producibility and cost, a logical
breakdown of work package responsibilities has to be established.
One common completely assembled and checked out pressure vessel
with a network of secondary support structure for mounting of
internal furnishings in each Space Station module would be ideal.
Drawings # 5 and 6 define the WP #1 pressure shell and the four
corner upper and lower truss structure. The ECLSS, power/thermal
and safe haven mcocdules could be checked out as a bench assembly
and shipped separately to the other work package outfitters for
installation at their facility. 1In this fashion the delivery
schedule of the module and separate sub-systems have more
flexibility.

I.2.2.3 Definition of Equipment "Common" Modules

All facilities, equipment, stowage articles will have to be
delivered to space and eventually returned to earth via the
logistics module. For this reason a common mounting system has to
be established between all modules being serviced. Therefore the
varjation in "W" x "D" x "L/H" dimensions of all equipment
installed should be minimized and standardized. Since most
equipment used is rack mounted the "W" (width) dimension must be
standardized. The system shown in this report selects 21.0" as
the incremental distance between adjacent racks. (This dimension
may have to be increased to 22.0 " in future design layouts).
This spacing should accept a module box width of 19.0". All
module units shown in this study have been standardized to this
"w* dimension. The "D" x "L/H" dimensions can be varied to suit
the volume requirements of each facility. However, the variations
in these two dimensions should be minimized so that rearrangement
of facilities can be more easily accomplished.
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I.2.2.4 Definition of Compartmentation

The "Four Corner Modular Truss" concept utilizes the interstitial
deck as the divider between the upper "active” compartments and
the lower *"quiet" compartments. The deck is configured in 42.0"
(2 x 21.0") incremental units. Below deck two (2) of these units
define the length of a crew compartment (42.0" x 2 = 84.0"). One
unit, (42.0"), defines the hole opening in the deck to get below
to the vestibule area leading to the crew compartments. Above the
deck each unit of 42.0" is equal to two (2) 21.0" rack width
dimensions described in Section I.2.2.3.

The incremental arrangement has been used in this study to
determine the variocus module lengths associated with variations
in crew size and facilities.

In the case of the laboratories and logistics modules a whole
deck, partial deck or no deck could be utilized in the
installation of internal facilities.

Figures # 7, 8 and 9 demonstrate the interstitial deck
arrangement installation and interfacing to WP # 1 secondary
support structure.

I.2.2.5 Definition of Functional Cross Sections

In keeping with the requirements of "Commonality" and
"Modularity", functional cross sections for the habitat at each
type of work station need to be developed. If the cross sections
are coordinated with the definitions in Sections I.2.2.3, I.2.2.4
and I.2.2.5, the it will be possible to meet the requirements in
the Habs and Labs.

Figures # 10 thru 19 show the cross sections for each type of
work station or facility required in the habitat. With these
cross sections established, commonality and modularity of
equipment is achieved. All layouts of habitats shown in this
report utilize these basic cross sections in determining the
various arrangements shown.

I.3.0 CREW SIZE VERSUS MODULE LENGTH

One of the burning issues to date is what module length is
required to house finite crew sizes. Previous to this study
parametric studies using raw volume data was used. In this report
actual layouts using the principals described were used. It is
felt that this technique better defines the module length
questiocn.

The drawing all represent a strawman design representing a
starting baseline from which more detailed studies can be
developed as additional information on each subsystem becomes

avalilable.



Figures # 20 thru 92 show six (6) possible combinations of crew
size and module lengths using the Habitat #1 "Active®” and $§2
"Quiet” concept for the IOC Space Station.

Figures #92 thru 107 show one (1) possible arrangement of a
combined #1 and #2 Habitat for the IOC Space Station.

CREW SIZE VERSUS MODUIEF LENGTH SUMMARY

Crew Cylinder Module Equip Vol (£t3)

Config _ Size (L ££) (L ft) Hab #1 Hab #2 Fig. #
Al 0+ 6 =6 31.5 37.5 1309 1441 21-37
A2 4 + 4 =8 31.5 37.5 1272 1390 38-55
A3 0 +8 =28 38.5 44.5 TBD TBD 56~-73
A4 6 + 4 =10 38.5 44.5 TBD TBD . 74-91
A5 0O+8=28 42.0 48.0 TBD TBD 92
A6 6 + 4 = 10 42.0 48.0 TBD TBD 92
Bl 6 = 6 42.0 48.0 93-107

Additional layouts need to be accomplished to evaluate:

a. Hab/Lab combination.
b. Addition of modules to achieve growth version of Space
Statioen.

I.4.0 FUTURE WORK

To complete this study the following tasks should be
accomplished:

1. Provide layouts of Lab #1 using this concept.

2. Provide layouts of Lab #2 using this concept.

3. Provide layouts of logistics module using this concept.

4. Hab/Lab layouts.

S. Update layouts using 168" internal dia (165" used).

6. Define common module with all windows.shown.

7. Expand study to show growth Space Station

e. Show module arrangement on tower to deternmine
visibility angles available to crew.

9. Develop tool pass-out airlock in one of the habitats.

10. Construct a 1/20th scale semi hi-fidelity model of this
architectural concept.
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QUADRANT BEAM MODULAR CONCERY

MAN-SYSTEMS DIVISION - NASA/JSC

The cross section drowing shown, reflects the Yotest architectural concept devised by NASAZJSC, for
outfitting habitats und laburatories. This system provides elements from WP #1 (pressure shell, integration
structure & module system Vine runs) that are common to the habitats & laboratories. The truss structure can
accept generic volumes, approximately 30" x 81* in cross section. This cross section can be passed thru the
open hatch as a unit, The hatch opening shown scales $3.0" in diameter with a chord line 200" from center

line. The comman seevice lines enter the wodule Lelow the hateh cord line and are routed inside the truss
structure to various locatiuns in the module,

The generic cruss sections shown can satisfy equipment volumes, but are below standards for housing

humans in crew Guarters, waste collection compartiwnts, personal hygiene compartments, health medical
facilities und exercise area cowpartments.

The WP 4l interface concept shown is an excellent idea which should be pursued. The truss structure can

be wuditica to provide interfaces to all the work packages that satisties their interaal avchitectural -
requircaenls, '

The fullowing pages depict a wodification to this concept that could satisfy all work package
requirements.
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FOUR CORNER MODULAR TRUSS SECTIOH

MODIFEED - GRUMMAN (GENE W. HARMS)

The cross section drawing shown, depicts a modified WP #1 truss structure that can accept the compunents
for habitats, laboratories and legistic mwdules. The upper and lower truss mewmbers provide common interface
points for all work packages similiar to the NASA concept. However in this arrangement, the interface points
shuwn pruvide a generic cross section which satisfies the packaging requirements for the human form in crew
quarters, waste callection compartment, personal hygiene compartment, health medical & exercise factlity
compartments, It also provides a cross section which optimizes the galley/wardroom & work stations,

In addition it provides more flexibility in satisfying the volume package requirements for the
laboratories and logistic mndules.

This arrangement provides a larger hatch opening (was 50.0" dia) and greater surface area below the hatch
chord line for inter-module services (power, ECLSS, etc.). The cross hatched areas shown provides more arca

_ than the quadrant beam concept for routing the WP F1 service lines, This expanded area can also be used for

vrouting Lhe WP #2 line runs.

The upper & lower truss members are located at 21.0" intervals in the cylindrical portion of the module,

(This spacing can be increased to 22.0"), This matrix is compatable with all habitat functional packaging
units and laboratory racks. .

The increased hatch opening allows a larger cross section unit {40* x 40") to be passed thru, The ®*D"

ring type opening has been replaced with a 50" x 50" rectangular opening, It is felt this shape provides a
hatch seal superior to that of the “D* ring.
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FOUR_CORNER MODULAR TRUSS CONCEPT
ROUTING OF WP #1 UTILITIES

The rectangular hatch opening provides a larger surface area for installation of the required
inter-module utility connectors, The utility line runs enter thru the cone end of the module and then make a
right angle bend to the area of the lower support truss members. The shaded area shown, represents the total
cross section of the module that is designated for routing the WP #1 utflity lines in each module. A portion
of this area can also be used by WP #2 outfitting for routing utilities which are unique to their module, The
upper support truss members also contain a cross section area for routing additional WP #2 utilities thru the
module. Utilities that are routed from the power tower truss structure penetrate the module in the area

marked "WP ¥l utilities", These utilities are located in the shaded area of the module lower truss structure
and are routed in this area,

For this exercise 4.0" ducts are shown entering the module at the cone end and are routed to the area
below cach lower support truss member. The 4.0" duct is routed horizontally thru the entire module to the
oppasite end cane. 3.0 spur ducts are tapped off the main line at designated areas (crew quarters, medical
facility, exercise area, etc.} to supply fresh air to that facility. The spurs are routed down to the volumes
below the deck and up to the ceiling area for fresh air supply to the large open areas above the deck,

The interstitial deck contains a plenum down 'the center line for returning the circulated air back to the
ECLSS units. In the upper living area the outboard edge of the deck contains foot restraint/return air
registers for routing this air back to the ECLSS.

The 3.0" ducts running along the inner pressure shell clear all hardware items installed in the module.
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FOUR CORNER MODULAR TRUSS CONCEPT
WP #1 ECLSS/POWER/THERMAL INSTALLATION

The packaging shown represents modular units which can be removed and passed thru the reclangular hatch
opening. The ECLSS is cuntained in three separate volumes in the upper quandrant of the shell. Each unit is
independently wounted trom machine fittings attached to thé WP#1 truss members. The units are 40" long (Y
direction) and therefore are contained within three rows of truss members (spaced every 21.0" in the
cylindrical part of the module). The top unit can be lowered down and out thru the hatch without moving the
side units. Each ECLSS unit has a 40* x 40" cross section which will allow them to be passed thru the hatch
opening with a 2.0" clearance all around. The three ECLSS packages provide a total of 168.0 cu ft. volume at
one end of the module. To achieve the NASA baseline of 331 cu. ft., the three unit sizes are duplicated on
the other end of the module. Ffor the laboratories K logistic modules the volume requirements can be met with
only one end “stuffed”. The other end can be used for additional lab units ur in the case of the logistics
module, additional deliverable hardware.

The volume in the lower quadrant is occupied by two modular units used to packaye power/thermal hardware.
They are mounted within the lower support trusses and can be removed independently from each other. The units
will pass thru the open hatch. The two units total 80 cu, ft. of volume, The sane volume is available for
packaging the safe haven hardware at the other end of the module. A clear 32" x 42" opening is provided
between these two modules, providing passages to the lower compartments.

The hatch can hinge upward, as shown, stowing below the upper ECLSS module, In the open pusition it does
not restrict passage of large modules thru the opening.
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FOUR CORNER MODULAR RUSS CONCEPT

WP#| ECLSS/POWER/THERMAL INSTALLATION
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FOUR _CORMER MODULAR TRUSS CONCEPT
WP #1 COMPONENTS

The three view drawing shows the confoncnts installed by WP #1 and the configuvration of the module
delivered to the other work packages for "stuffing". In this concept the entire upper & lower truss members
network is installed every ¢1.0", This network of support members will accommwodate the equipment
installations in the habitats, laboratories & logistic modules. At the present time, the cylindrical portion
of the module is sized for 6 crew members, the minimum length for this is 378" (31.5'). (Subsequent studies
for larger crews & combined Hab #1/#2, Hab/Lab arrangements show longer module lengths.)

The ECLSS, thermal & power modules are installed in one end of all modules and is optional on the other

end. At the present time, the units are required on both ends for the habitats and only on one end for the
laboratories and logistics modules.

The utilities are routed thru the lower corner trusses and made available for other work package
interfaces at desired locations.

The larye rectangular hatch can-hinge upward as shown, and stow below the upper ECLSS module at either

end. The stowed position of the hatch does not restrict passageway of equipment, bulk modules, or peop]e thru
the opening provided.
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FOUR CORNLCR MODULAR TRUSS cancrer
| 1SOHLTRIC OF WP _#1 COMPONCNTS

The isometric drawing shown depicts the same WP #1 components as described in the previaus chart. The
ECLSS, power & therma) modular units are shown on both ends of the cylinder, As stated before the
laboraturies & loyistic modules require only onc end with these units, The volume vacated can be used to
accomrodatc additional facilities for the laboratory or stowage volume for the logistics module,

An ideal situation would be where the windows, radiators, meteor protection & insulation installations
are identical for all wodules. Llayouts of the habitat are being developed to show that all habitats can have
the same external configuration, Laboratory layouts will have to be produced to see how close this goa) can
be achicved. In the case of the logistics module the windows could be emitted by replacing the void with a
plate closure,
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FOUR CORNER MODULAR TRUSS CONCEPT

INTERSTITIAL DECK MODULAR ASSCHGLY

The deck shuwn can be constructed as a complete assembly and installed in the wdule if one end is open,
This assumes the medule is delivered to WF#2 with the cone end and the ECLSS, power themal units not

installed. After the flour is installed the cone end and modular units are installed. This manufacturing
cycle tends to complicate the WPH1/WP#2 flow.

For this reason the interstitial deck has been reconfigured as a modular assembly. it can be bench
assembled in 42* lengths as shown on the drawing. £ach compariment below the deck is 84" long (two multiples
of 42"). The first, third, fifth and seventh modular deck units can be installed in the module picking up the
work package #1'lower truss assembly structure. Each of these wodular deck units will pass thru the hatch
opening ot either end of the wmodule. After the units have been secured in place the lonyitudinal deck mewmbers
(second, fourth & sixth deck elements can be installed. In this fashion a complete deck with all its mounting
provisions for modular containers and passage way between decks have been installed. The modular concept

makes it possible to install the deck in other arrangements than that shown. In the case of the lahoratories
a partial deck can be installed, or completely omitted.

The deck module with the oval machine structure is configured to allow passage of crew members. It also
is shared tu provide passage of crew members. It also is shared to provide passage for the return air flow

from the compartments below the deck. It can also support a4 pleated type of folding door for each of the four
crew quarters abutting on this volume,



FOUR CORNER MODULAx TRUSS CONCEPT
INTERSTITIAL DECK MODULAR ASSEMBLYgéi%_ <:>

SPACE
STATION

| FLOOR INTERFACE TO WPH!I ——
!
- 2947 (24.5")
|- 42u-—---l- \N\— 42"*--1-—— 424'——1-1}\/\— 42 ;-l--"— 42"~—L-—,N\— 42‘L—-|-— 42%—-‘
|
i UNIT#1 i UNIT#2 i UNIT#3 i UNIT#4 i UNIT#5 i UNIT#6 i UNIT#7 i
. ! il
(1 1 N N :: Fp N A T s
_ L
o
o -+ ————— — e —— -ml-q
37 X 41 |
OVAL -
OPENING I} =1
== |
c
1 LA/ B — L LA - - ht 'F = — LA ! L
I | 1 | | | | A | sect
(- el e - #-—-—-:*-—-—— o —ele-— * et el A-A
| | | { | | i |
- 7' CMPT BELOW —-mw<«———3° CMPT BELOW ———m= E”ﬁésﬁgﬁ"’ ~a—-—3F¢ CMPT BELOW ——m
« MODULAR DECK UNITS FIT THRU HATCH AND CAN BE INSTALLED
IN MODULE PICKING UP FQUR LOWER TRUSS SUPPORT MEMBERS
BRUMMAN »» LONGITUDINAL FLOOR MEMBERS INSTALLED IN MODULE AFTER

MODULAR DECK UNITS ARE SECURED

p——



T2-1

FOUR CORNER MODULAR TRUSS CONCEPT

INTERSTITIAL DECK INSERTION

As shown on the previous drawing, the interstitial cervice deck is designed as a modular structure. This
drawing demonstrates how each wodule deck unit is inserted thru the hatch opening with substantial clearance,

When it is insidé the module, the unit is rotated 90° and lowered into the work package #1 lower truss support
structure and secured at four interface points.

The air return registers/fool restraint machine parts can be installed on top of the deck at those
stations having work stations which place the crew person at this position (see subsequent drawings).

The ‘bottom o1 the deck is constructed to accept 4 rows of standardized 19" black boxes its entire length,
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INTERSTITIAL DECK/TANKAGE INSTALL

This drawing shows how the entire interstitial deck interfaces with the work package #1 lower support

truss structure., The deck wodules attach to the WP #1 structure at 16 poinls along its entlre length, The
deck nestles between the ECLSS & power thermal installations.

The 84" dimension defines the open volume below the deck used for either crew quarters, health
maintenance, health exercise, or control station compartments. The 84" dimension above the deck represents

four {4) linear module lengths of 21". Any combination of modular facilities can be acconmodated to suit the
many arrangements of habitats or laboratories.

THe 42" dimension which contains the oval hole in the deck structure provides passageway to the lower
conpartments. The central area below the deck is the vestibule. From this point the crew can enter into four
of the crew quarters. In addition, access can be obtained to the four tanks that service the waste collection
and shower systems. The fecal/toilet paper collection tank shown is 10.9 cu. ft., when full it can be removed
and placed in the logistics module. A new tank is installed, thus minimizing maintenance. The adjacent tank,
also 10,9 cu. ft, can house 80 gallons of urine which can be reprocessed into useable water. On the other
Side of the vestibule are two additional tanks. One provides clean water for Lhe shower and hand wash (it can
also service the galley), the other cullects the soapy water from the shower.
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- rachs are mounted every 21.0" where this type an installation is required,

‘also as a foot restraint,

INSTALLATION OF EQUIPMENT RACKS

The machine part rack shown is configured to mount 19.0" wide modular units. These modules can be galley
units, electronic boxes (DMS, CAT, etc), spare parts, or wiscellaneous stowage items. The heavy line
represents the three wounting surfaces of all units mounted on the rack.

The nachine rack nounts to the WP #2 fitting on the deck and the WP{#1 truss structure overhead. These

The vertical inboard part of each rack is shaped as a handgrip and provides a convenient handhold for the
operator facing this equipment, The bottom rounting fitting on the deck serves as the return air outlet and

Two- racks with its equi

pment can be removed as a unit to gain access to the skin. (The top module may
have Lo be removed first), '

These racks can also be used in the laboratory and logistics modules. If required,longer rack

configurations can be installed in the laboratories & logistic modules (picking up the same interfaces) to
provide nwre frontal area for installed equipment.
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IMSTALLATION OF WCS & PERSONAL HYGIENE COMPARTMENTS

The waste collection compartment & personal hygiene compartments are identical in shape and size and are
located oppusite each other. The compartment walls are constructed with 1.0" thick honeycomb panels (or
equivalent)., The inboard walls are installed as three 21.0" wide floor to ceiling panels picking up the WP 41
truss structure at the top and the WP #2 deck fittings at the bottom., The fore and aft compartment walls can
be installed as single panels picking up top and bottom interfaces. The interiors of both compartments can be
made totally accessible by removing the inboard sectionalized wall panels, The floor to ceiling height of
each compartment is 74,0", The central aisle width between the compartments is 64.0",
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INSTALLATION OF LOWER COMPARTMENT RACKS

The lower volume has been sized to contain the following:

a‘ two side by side crew quarter compartments

b) one single compartment housing the health medical facility

c) one single compartment housing the health exercise facility

d) one single compartment housing a command & control work station

The {nterstitial deck provides a floor to ceiling wall in each of the above named compartments, It
presents the occupant with a densely arranged installation of modular containers. All units are 19.0" wide
and are designed to fit into the cavities of the deck in any arrangement desired. .

l .
In addition to the deck stowage, side racks are installed from floor to ceiling in each compartment,
These racks contain the same mounting provisions, for 19.0" modular boxes as are in the deck. The side racks
pick up the WP #1 intuerface on the cylinder and the WP #2 finterfaces on the deck, '
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INSTALLATION OF WORK STATIONS & DISPLAY PANELS

Outboard facing work stations are provided in this arrangcment. The work stations shown are confiyured
to accommodate the zero “g* body form with the faot perch in the return air register, Each work station
consists of a 21.0" modular stowage unit mounted to the top surface of the lower truss structure. The width
requirement of each work station determines the quantity of modular stowage units installed, The work bench
table top control panel is installed on top ot the stowage units. This work curface can be either 21.0" wide
modules or full length units. A structural trough, containing the indirect lighting for the work station, is
mounted below the upper truss Structure. This assembly not only provides light but also serves as the upper
mounting surface for the vertical type display panels. The lower part of the panel fastens to the table top
work surface. The panel shown is 19.0" wide x 10.0" deep x 20.0" high, At those locations where a vertical
panel is not installed, a machined frame with glass is instalied., The flat glass is ideally located for
external ‘viewing,
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INSTALLATION OF TABLE & COUNTER TOP GALLEY

1t should be noted that the outboard facing counter top work surfaces in the galley/wardroom arca are the
identical shape, & size as the work stations shown on the previous drawing., The modular stowage unit below
the counter top is identical to the work station units in shape & mounting. The counter top providus a large
surface for food preparation & cleanup. The top surface hinges up to gain access to the miscellaneous items
stowed therein., The identical window size, shape & viewing angles are provided as shown at the work stations,

The dining table is mounted to the interstitial deck and is configured tu seat six persons at one time,
(On certain layouts the table has beeun configured to seat eight persons).

An optional overhead canteen is shwon located above the table. It is supported with structure attached
to the WP #1 upper truss structure.

In this arrangenent the crew can rotate 180° from the dining table to gain access to the food
preparationfclean up areas.

The windows shown can be installed every 21.0" to provide a cluster of windows for group viewing.
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INSTALLATION OF RACK MOUNTED GALLEY UNITS

The floor te ceiliny rack is configured to mount 19.0" wide modular units. The mounting surfaces are
divided into three planes to provide optinum vision to the user and also v maximize the volume of the modules
being installed. The lower portion of the rack will accept volumes up tu 40.0" deep x 32.0" tong. Units such
as refrigerators, freezers, compactors, clothes washer & drier are prime candidates for this large module
package.

The central portion of the rack can accept many combinations of podules up to 28.0"L with various
depths.

This area is ideal for frequently used items such as ovens, handwasher, utilities, ambient food, etc.
The upper portion of the rack can acconmodate modules up to 14.0" deep x 10.0" long.

lu all cases shown, a 3.0" clearance to the skin behind each mounted unit is provided,

The same racks are used to mount electronic equipment (DMS, Comm & Tracking), spares, & Miscellaneous
stowage.

The entire rack with its components can be removed, if necessary, to gain access to the skin,

The configuration shown provides 48.54 cu, tt, of modular stowage/installation per every 21.0% of module
length where this cruss section is in effect.
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HEALTH MEDICAL FACILITY INSTALLATION

In this configuration the health medical facility is located below the interstitial deck. The
compartment is 21.0" x 4 units long thus providing a floor to ceiling height ot 84,0% (7.0'). The
interstitual deck and the side racks provide 70.0 cu. ft. of stuwage for 19.0" wide modular units,

A 20.0" wide examining table is mounted off the deck structure. The 32.0 square feet of open floor area
provides sufticieat room for two attendants working on a patient,

A single entrance is provided thru a 24.0" x 32,.0" opening in the ceiling of this compartment. The

single entry isolates this compartment from the normal traffic flow thus providing a quiet area for the
patient.

As shown on earlier drawings, this compartment has its own air circulation system,

Windows identical to the ones in the galley, can be located in this compartment to provide recreational
viewing for occupants of this room.
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HEALTH EXERCISE FACILITY INSTALLATION

The counipartment shown is identical in shape & volume as the health medical facility. It provides the
tdentical modular stowage volume and installation techniques as in the HMF, This compartment, becasue of its
high activity, has two entry ways, One is in the floor which leads to the end cone area and the other is in
the ceiling which leads to the vestibule area (described later on). The floor with its cutout for the entry
way is large cnough to mount two exerciseé devices (treadmill & ergometer shown here).

Windows can be installed in the shell to provide recreational viewing.
The 7G.0" cu. ft. of stowage in this compartment is probably more than required. After the required

units are instatled {(Tv, Radio, PC computer, books, games, telephone, etc). The remaining volume can be used
to supplenent the miscellaneous stowage volume requirements.
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INSTALLATION OF EQUIPMENT IN CRLW QUARTERS

The total volume and stowage provisions in this area are identical to that shown in the HMF and exercise
area. However, in this case a partition dividing this volume in half is installed. The volume provides two
side by side crew quarters facilities, Each compartaent is provided with 35.0 cu, ft, of modular stowage in
the deck and side rack. The free open volume of each guarter is 108. cu. ft.

Each compartment has its own entry way and window, air circulation and lighting system,
The 14.0" thick interstitial deck with all the mass of the modular stowaye units should provide a high

degree of noise suppression from the upper activity area. Koom has been provided between the deck floor
panels and the back of the modular stowage units to add sound dampening insulation if required.
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WASTE COLLECTION & PERSONAL HYGIENE INSTALLATION

These compartments have been sized for one occupant at a time. The waste collectton compartment consists
of 3 rows of 19.0" wide modular units. The first row contains 2 stowage containers and handwash unit. The
second row is the urine/fecal assembly unit.and the third row contains 3 more modular stowage units, All 3
rows of units are fastened to the WP #1 lower truss structure. Below the waste collection compartment, two
10.9 cu. ft tanks are located. One is used to collect the feces & toilet paper deposited in the fecal
assembly. The other tank is used to collect the urine deposited in the urine collector. Both these tanks are
accessible from the vestibule area below the interstitial deck. The fecal tank can be replaced with a fresh
tank when full. The urine in the other tank can be reprocessed fur other uses on the Space Station.

The personal hygiene compartment has one row of units consisting of 2 stowage containers and one handwash
unit. The remaining volume in the compartment houses a 32.0" 1.D. x 74,0 high domed shower assembly. Two -
10.9 cu, ft tanks are focated below this compartment. One tank supplies the fresh water for the shower and

the three handwashers in the habitat, the other tank collects the soapy water from these devices. These tanks
also accessible from the vestibule area below the deck.
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CREW_SIZE VERSUS MODULE tENGTH

Arrangement Al {0 x 6), shown on the left, represents the minimum length mwodule required to house a crew
of six in two modules. Habitat #1 represents the “active" module and Habitat #2 depicts the “quiet* module
where all six crew persons sleep. The module cylinder length is predicated on 18 incremental lengths of 21.0*
(378"). It can be seen that this arrangement produces volumes at either end of the cylinder for the ECLSS,
safe haven, and power/thermal modular unit, In between, 3 seven foot long compariments and a 42" vestibule
are provided below the deck. The functions of each compartment is noted on the drawing,

Above the deck 14 increumental lengths of 21.0% are provided for the crew functional hardware & utilities
required for a habitat. The letters below the plan view {A-6) represent the cruss sections of this
arrangement at each incremental length. These cross sections are shown in simplied fashion on the next four
{4) pages of drawings. The incremental scheme shown lends itself ta re-arrangements & updating.

Four (4) windows are shown in sections M-M & N-N in the galley/wardroom area. Similar windows are
duplicated in sgctions 1-1 & 2-2 in Habitat #2.

This arvangement provides a generous central aisle and a clear path between connecting modules.

Other arringenents of habitats are shown on subsequent drawings.
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HABITAT FACILITY/EQUIPMENT VOLUME DATA LIST

The following twelve (12) pages list the quantity, sizes & volumes of all facilities, equipment & stowage
containers located in configuration Al. The facilities have been grouped into nine (9) basic areas, they are:

Galley/Wardroom

Crew Quarters

Health Maintenance Facility
Health Exercise Facility
Personal Hygiene Facility
Waste Collection Facility
Work Stations

Equipment

Miscellaneous Stowage

[Tl oL - W LA o B i

The column labeled “"sect Ytr* depicts which section letter{s) on the preceeding five (5) drawings show
where each piece of hardware is located. It should be noted that all stowaye/equipment hardware has a 19.0" W
dinension, denoting that they are rack mounted units. The variation in U (depth) and L/H (Length/Height)
dimensions have been minimized for the sake of conmonality. In this fashion the logistics module mounting
pattern can be optimized fur bLringing up this equipment.
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HABITAT FACILITY/EQUIP" “NT VOLUME DATA LIST

CONFIGURATION: Al (0-6) HAB #1 & #2 -3| SHEET NQ, 2/
LAYOUT NO., 75iB-B3A-110 &-210 DESIGN ENGR: GENE W. HARMS DATE :
FACILITY/EQUIPHENT [t ?_E%T LNIY DIMERSTONG) lfaI_T ary T%ﬁ" REMARKS

#ile2 W 0D | LH I (o FI) {C FT}
2-CREW QUARTERS -1X] ¢ VO PER CREW OTR-SEE SECT G-G.PG 23
[ eDECK UNITS
-CREW STOW UNITS 19.0] 14.0] 19.0 2.92 7 20.44 |UNITS RETURNED TO EARTH WITH CREW
-TV/PC COMP i9.0| 14.0} 19.0] 2.92 | | 2.92[SINGLE UNIT-KEY BOARD NOT SHOWN
~DESK (FOLDING] NOT SHOWN AT THIS TIME
sSIDE UNITS
-CREW STOW UNITS 19.0| 14.0] 19.0| 2.92 1 4 11,68 ]STACKED FROM FLLOOR TO CEILING
-SLEEP B8AG 20.0 2.0 73.0 CAN BE REPOSITIONED OR STOWED
-BULLETIN BOARD NOT SHOWN AT THIS TIME
-WINDOW

WINDOW IN EACH CREW OUARTER

sFACILITY VvOL SUM

-MODULAR UNITS

| 32.12
-MISC vOLS i 2.92
-STR/M1ISC
~FREE VOLUME 108.00 24w X360 ENTRANCEWAY INTO EACH QTR
-TOTAL VOL

143,04

TOTAL FCR EACH CREW OTR-6 SHOWN




HABITAT FACILITY/EQUIPMENT VOLUME DATA LIST

CONFIGURATION: Ai (0-6) HAB #| & #2 -31 .5'CYL INDER

SHEET NQ, J

LAYOUT NO. _751B-B3A-110 &-210 DESIGN ENGR: GENE W. HARMS DATE ;
FACILITY/EQUIPMENT oDt SLETCRT UNIT DIMENSION(T) Lff'gI._T ary Te&'“ REMARKS
1|2 W O Ml (e Fry (C FT)
3-HEALTH MAINT Facil X |- 8 SEE PG 20 & SECT B-B ON PG 2|
2DECK UNITS | 19.0| 14.0] 19.0] 2.92 |16 | 46.72|NOBULAR UNITS-FLOOR TO CEILING
-MED MOD UNITS
sSIDE UNITS
-MED MOD UNITS 19.01 14.0] 19.0 2.92 8 23 .36 |[MODULAR UNITS-FLOOR TO CEILING
sMISC ITEMS
-EXAM TABLE ‘! 20.0 | INCLUDED IN FREE VOLUME TOTAL
-WINDOW | 2 2 WINDOWS IN HMF COMPARTMENT
g;
«FACTLITY VOL SUM
-MODULAR UNITS 24 70.08
-MISC VOLS
=STR/MISC
-FREE VOLUME 216.00|32W X 42 ENFRANCEWAY INTO COMPT
-TOTAL VOL 286.08




ve-1

HABITAT FACILITY/EQUIP*.NT VOLUME DATA LIST

CONFIGURATION: Al (0-6) HAB #| & #2 -31.5'CYLINDER SHEET N <
LAYOUT NO_ 75iB-B3A-110 &-210 DESIGN ENGR: _GENE W. HARMS DATE :
FACILITY/EQUIPMENT HAB # SE'FRT UNIT DIMENSION(") L\%IJ ary Te&t' REMARKS
udll LE W O | tM ]| (cFn (C FT)
4-HEALTH ExER FACILI X -1 E SEE PG 20 & SECT E-E ON PG 21
«DECK UNITS
-MO0D STOW UNITS 19.0| 14.0] 19.0 2.92 |(6)]|(17.52)
-TV/PC COMP 19.0|] 14.0] 19.0 2.92 2 5.84
-SPEAKERS 19.0| 4.0} 19.0 2.92 2 5.84
-BOOK UNITS 19.01 14.0] 19.0] 2.92 ] é 17.52
»STOE UNITS
-MOD STOW UNITS 19.0} 14.0| 19.0| 2.92 |(8)](23.36]}
sMISC ITEMS
-ERGOMETER 24.0] 36.0| 48.0 | 24,00 |SHOWN AS FIXED EQUIP IN FREE VOLUME
-TREADMILL 24.0} 48.0] €0.0 | 40.00 |SHOWN AS FIXED EQUIP IN FREE VOLUME
sFACILITY VOL SuM
-MODULAR UNITS 14)|(40.88) |LISTED ON PG 3% AS NISC STOWAGE
-MISC VOLS 10 | 29.20
~EQUIPMENT {64,00) |FIXED UNITS PART OF FREE VOLUME
~STR/MISC
~FREE VOLUME 216,00 TH0 ENTRANCEWAYS INTO THIS COMPY
-TOTAL VOu 245 .20




66-1

CONF IGURATION:_Al

HABITAT FACILITY/EQUT™MENT VOLUME DATA LIST
HAB #| & #2 -31.5'CYLINDER

(0

-6)

SHEET NQ, SO

LAYOUT NO,._75iIB-B3A-110 &-210 DESIGN ENGR:_GENE W. HARMS DATE :
FACILITY/EGUIPMENT R SLE'ﬁaT UNIT DIMENSTONGZ) L\‘;IQE__T arty Te&& REMARKS
#1142 W D |tH | (cFn (G ET)
5-PERS HYGIENE Fac | X | X |P-R SEE PG 20 & SECT P-P.0-Q.R-R,ON PG 22
sMODULAR UNITS VALUES ARE PER HYGIENE FACILITY
-GENERAL STOW (11 19.0] 19.0) 14,0} 2.92 2 5.84
-HAND WASH R 19.0] 14.0| 19.0 2.92 i 2.92
*SHOWER P.Q |34 0D] ----] 74.0] 32.0 i 32.0 |DOMED DN BOTH ENDS-20* WIDE DOOR
*MISCELLANEQUS ] ,
-WATER SUP TANK 0 19.0] 34.0] ~~--] t0.9 | 10.9 |APPROX 80 GALS OF WATER
-WATER COL TANK D iI9.0] 34.0| ----] 10.9 | 10.9 |APPROX 80 GALS OF WATER
aFACILITY vOL SuM VALUES ARE FOR 2 HYGIENE FACILITIES
-MODULAR UNITS 6 17.52
-MISC VvOLS 4 43.6
-SHOWER 2 64.0
-STR/MISC
-FREE VOLUME 28.0 |(vOLUME PER FACILITY)
-TOTAL vOL 300.954 {(HYG CMPT=256.94 CF,TANKS=43.6 CF)
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CONFIGURATION:_Al

HABITAT FACILITY/EQUIM4ENT VOLUME DATA LIST

(0-6)

HAB #1 & #2 -31 .5 CYLINDER

SHEET NO,__ i

LAYOUT NO_ 721B-B3A-110 &-210 DESIGN ENGR: GENE W. HARMS DATE .
FACILITY/EQUIPMENT HAB ¢ %T%T UNIT DIMERSIONL") L\’IQQILT Qty T%ﬁ" REMARKS
#1182 W O | LH I (o F1) i ET)
6-WASTE coLL Fac | XX |P-r SEE PG 20 & SECT R-R.S-5.T-T.ON PG 22
sMODULAR UNITS VALUES ARE PER WC FACILITY
-GENERAL. STOW P 19.0| 19.0} 14.0] 2.92 | 2 5.84
~HAND WASH P 19.01 14.0] 19.0 2.92 | 2.92
-GENERAL STOW R 19.0] 19.0] 14.0 2.92 2 5.84
-GENERAL STOW R 19.0] 14.0| 19.0| 2.92 | 2.92
sMISCELL ANEOUS :
-URINE/FECAL COL Q 19.0 =---| ----| 12.6 i 12.6 |SHAPED FOR ZERO G OCCUPANTS
-FECAL COLL MOD D 19.0] 34.0} ----1 10.9 | 10.9 |REMOVABLE UNIT-RETURN TO EARTH
-URINE COLL MOD D 19.0] 34.0] ----] 10.9 { {0.9 |CAN BE USED TO REPROCESS WATER
sFACILITY V0L SUM VALUES ARE FOR TWO WC FACILITIES
-MODULAR UNITS i2 35.04
-URINE/FECAL COL 2 25.2
-MISC VOLS 4 A3.6 |(TANKS LOCATED BELOM DECK)
-STR/MISC
-FREE VOLUME 641.5 |{VALUE PER COMPARTMENT)
-TOTAL vOL 300.54}(WC CMPT=256.94 CF ,TANKS=43.9 CF)
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HABITAT FACILITY/EQUIPMENT VOLUME DATA LIST

CONFILURATION: At (O-6) HAB #) & #2 -3).5'CYLINDER SHEET N 4
LAYOUT NO._751B-B3A-110 &-210 DESIGN ENGR:_GENE W. HARMS DATE :
FACILITY/EQUIPMENT HAB ¢ SETCRT UNIT OIMENSION(®) quolLT aTy T%_AL REMARKS
#1182 W O {LtHI (cFmy (CFN
7-WORK STATIONS
»OPS CONTROL STA | X|-] € SEE PG 20 & SECY C-C ON PG 2i
-VERT DISP PNLS Cc 19.0] 10.0f 20.0] 2.2 2 4.40|ONE VIEWING WINDOW PROVIDED
-HORIZ CNTL PNLS c 19.0| 6.0} 10.0] 0.7 2 .40
-HORIZ CNTL PNLS C i9.0 6.0 30.0 2.0 i 2.00
-MOD STOW UNIT C 19.0] 24.0] 26.0 6.86 3 20.58
-DECK MOD UNITS 19,0] 14,.0] 19.0f] 2.92 16] (46,72]LISTED ON PAGE 35 AS WISC STW VOL
~-SIDE MOD UNITS 19.0] 14.0] 19.0] 2.92 | 8 | (23.36|LISTED ON PAGE 35 AS NISC STw. VOL
*PAYLOAD OPS STA | - | X :
~ =VERT DISP PNLS Y-l 19.01 10.0] 20.0| 2.2 3 & .60 |ONE VIEWING WINDOW PROVIDED
-HORIZ CNTL PNLS Y- 19.0 6.0] 10.0 0.7 3 2.10
-HORIZ CNTL PNLS 2] 19.0] 6.0] J0.0] 2.0 i 4.00
-MOO STOW UNIT Y-2 19.0] 24.0| 26.0] 6.86 | 4 27.44
sMTN/REPAIR STA | - | X ‘
-VERT DISP PNLS Y.2 19.0] 10.0] 20.0 2.2 e 4.40|TW0 VIEWING WINDOWS PROYIDED
-HORIZ CNTL PNLS Y,Z 19.0] 6.0| 10.0{ 0.7 2 1.40
-WORK BENCH 1.2 42,01 ----1 30.0} 5.8 ] 5.80
-MOD STOW UNIT Y-2 19.0| 24.0] 26.0 6.86 4 27.44
oFACILITY vOL cuM
-MO0 UNITS-HAB#| 3 20.58
-MOD UNITS-HAB#2 8 54.88
~MISC VvOLS |
-TOTAL vOL
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HABITAT FACILITY/EQUIPMENT VOLUME DATA LIST

CONFIGURATION: Al (0-6) HAB #1 & #2 -31.5'CYLINDER SHEET NO, o3
LAYOUT NO. 751B-B3A-110 &-210 DESIGN ENGR:_GENE W. HARMS DATE :
FACILITY/EQUIPMENT HAB # SLETCRT UNIT OIMENSTION(”) U\?EILT oTY T%CL REMARKS
#1142 u D_|LH | (nFn {C FT)

8-EQUIPMENT

sECLSS AF MOD REMOVABLE/REPLACEABLE UNITS

-MOD UNIT #i X A.F | 40.0| 40.0] ----} S50.0 ] 2} 100.0

-MOD UNIT #2 X A.F | 40.0| 40.0| ----] 59.0 | 2| 118.0

-MOD UNIT #3 X A F | 40.0] 40.0| ----] S59.0 1 2| 118.0

-SUB TOTAL( ) (6) | (336.0) |IDENTICAL INSTALL IN HAB #1 & #2

-MOD UNIT #i X 1|a.F | 40.0} 40.0] ----] 80.0 } 2 | 100.0

-MOD UNIT #2 X|a.F | 40.0]| d40.0| ----|] 59.0 | 21} 118.0

-MOD UNIT #3 Xla,F | 40.0] 40.0] ----| 59.0 | 2 | 118.0

-SUB TOTAL{ ) (6)}(336.0)

*DATA MGMT MODULAR RACK MOUNTED UNITS

-MOD UNIT #1 X S 19.0| 14.0| 10.0 1.54] 1 I .54

~MOD UNIT #2 X S 19.0} 24.0| 13.6 3.99| i 3.59

-MOD UNIT #§ X S 19.0] 32.0} 14.4 5.07} | 5.07

-MOD UNIT #4 X S 19.0| 40.0| 32.0}f t4.07} | 14.07

-SuB TOTAL( ) (4){ (24.27

-MOD UNIT #1 X 4 19.0] 14.0] 10.0 1.54] 1 .54

-MOD UNIT #2 X1 4 19.0] 24.0| 13.6 3.59| | 3.59

-MOD UNIT #3 X1 4 19.0] 32.0| 14.4 5.07| | 5.07

-MOD UNIT w4 X1 a 19.0| 40.0| 32.0{ 14.07] | 14.07

-MOD UNIT #1 X1 5 19.0| 14.0] 10.0 1.54] 2 3.08

-MOD UNIT #2 X!l s i9.0] 24.0] 13.6 3.89| 2 7.18

-MOD UNIT 43 X185 19.0} 32.0| 14.4 5.07| 2 10.14

~-MOD UNIT #4 X| 5 19.0| 40.0) 32.0| 14.07| 2 2B.14

-SUB TOTAL( ) (12} (72.81




HABITAT FACILITY/EQUIP™ENT VOLUME DATA LIST

CONFIGURATION; Al (0-6) HAB #1 & #2 -31.5'CYLINDER SHEET NQ, o4
LAYOUT NO,_ 7518-B3A-1{0 &-210 DESIGN ENGR: GENE W. HARMS DATE .
FACILITY/EQUIPMENT HAB # %FRT UNLT OIMENSION(T) %N&T ary T%CL REMARKS

4\ |#2 W O L™ | (¢ Fry (CET)
8-EQUIPMENT (CONTD)
«COMM/ TRACK ING MODULAR RACK MOUNTED UNLTS
-MOD UNIT #} X S 19.0] 14.0} 10.0 }.54) | I.54
-MOD UNIT #2 11X s 19.0] 24.0| 13.6 3.59] 1 3.59
-MOD UNIT #3 ¢ S 19.0| 32.0| 14.4 5.07{ | 5.07
-MOD UNIT #4 X S 19.0| 40.0| 32.00 14.07) 1 14,07
-SUB TOTAL( ) (4)| (24.27
~MOD UNIT #1i X1 4 19.0] 14.0] 10.0 1.547 | 1.54
-MOD UNIT #2 X1 4 19.0| 24.0] 13.86 3.590 | 3.59
.|  -MOD UNIT #3 X| 4 19.0| 32.0] 14.4] 5.07] | 5.07
& -MOD UNIT #4 X1 4 19.0| 40.0| 32.0| t4.07] | 14.07
-SUB TOTAL( ) ' (4)]| (24.27
+POWER/ THERMAL X F 40.0]1 40.0| ---~-| 40.0 | 2 80.0 {MODULAR RACK MOUNTED UNITS
*POWER/ THERMAL X|F 40.0| 40.0]| ----| 40.0 | 2 80.0 |MODULAR RACK MOUNTED UNITS
sSAFE HAVEN PRaV | X A 40.0| 40.0| ----| 40.0 | 2 80.0
*SAFE HAVEN PROV X| A 40.0| 40.0| ----| 40.0 } 2 80.0
*CLOTHES WASHER X| 3 19.0] 40.0] 32.0| 14,07} | 14.07 |FRONT LOADED UNIT
*CLOTHES DRIER X1 3 19.0] 40.0] 32.0] 14.07] | 14.07 |FRONT LOADED UNIT
*OXYGEN MASKS X ] 19.0| 14.0] 10.0 1.54] 2 3.08
*OXYGEN MASKS X u 19.0| 24.0| 13.6 3.59| 2 7.18
"~ sOXYGEN MASKS X1 6 19.¢| 4.0} 10.0 1.54] 2 3.18
¢OXYGEN MASKS X] 6 19.0] 24.0} 13.6 3.99] 2 7.18
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HABITAT FACILITY/EQUTPMENT VOLUME DATA LIST

CONFIGURATION: Al (O0-6) HAB #1 & #2 -5. 5'CYLINDER SHEET NO, 2O

LAYOUT NO. 751B-B3A-110 &-210 = DESIGN ENGR:_GENE W. HARMS DATE:
FACILIVY/EQUIPMENT HAB 4 S.FI'-:RT UNIT DIMENSION(") UVNOILT ary T%ﬁ" REMARKS
#i1#2 W O [ L/H]) (cFr)y (C_FT)

9-MISCELLANEOUS

*CREW RESTRAINTS Xl 3 19.0| 14.0} 10.0 1.54] 2 3.08

oCREW RESTRAINTS Xl 3 19.0| 24.0] 13.6 3.59] 2 7.18

*EGQUIP RESTRAINTS X{ 3 19.0{ 32.0( 4.4 5.07| 2 10. 14

*SPARES MOD STow | X T.U | 19.0] 14.0] 10.0 1.54) 4 6.16

*SPARES MOD STOW | X T.U 19.0] 24.0| 13.6 3.59| 4 14,36

sSPARES MaD STow | X T.U | 19.0]| 32.0] 14.4 65.07| 4 20.28

»SPARES MOD STow | X T.u | 19.0| 40.0| 32.0] 14.07] 4 56.28 ;

(SPARES SUB TOTAL (16] (97.08)SPARES IN RACK MOUNTED MODULE UNITS

*SPARES MOD STOW Xiv.w | 19.0] 14.0] 10,0 1.54] 4 6.16

*SPARES MAD STOW Xiv.w | 19.0] 24.0( 13.6 3.591 4 14.36

*SPARES MOD STOW X|v.w ] 19.0] 32.0] 14.4 5.071 4 20.28

sSPARES MOD STOW XIv.w | 19.0] 40.0| 32.0| 14.07} 4 56.28

¢SPARES MOD STOW X} 6 19.0] 32.0f 14.4 5.07] 2 10.14

sSPARES MOD STOW X} 6 19.0| 40.0| 32.0| 14.07] 2 28.14

{SPARES SUB TOTAL {201 (135, 36 }SPARES [N RACK MOUNTED MODULE LNITS
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HABITAT FACILITY/EQUIPMENT VOLUME DATA LIST

CONF1UJRATION; Al {(0-6) HAB #1 & #2 -3, .5'CYLINDER SHEET NQ, w6
LAYOUT NO,. 751B-B3A-110 &-210 DESIGN ENGR:_GENE W. HARMS - DATE:
FACILITY/EQUIPMENT HAB ¥ ?_ETCRT UNIT DIMENSTONCZ) UJ‘[;ILT ary T%CL REMARKS
¥ 42 W 0] L/H | (¢ FT) (r 11

9-MISCELL STOWAGE

-COUNT TOP CABNT | X J-N | 30.0) ~---l105.0] 15.2 | 2 30.4 |CARRIED QVER FROM PAGE 25

-TABLE BASE STOw | X J-N 40.0 | 1 40.0 |CARRIED OVER FROM PAGE 28

~HEALTH EXER AREA| X E 19.0] 14.0] 19.0 2.92| 14| 40.88|CARRIED OVER FROM PAGE 29

-0PS CONTROL STA | X c 19.0{ t4.0] 19.0] 40.0 | 24| 70.08|CARRIED GVER FROM PAGE 32

(MISCL SUB TOTAL) (41] 181.36

sMISC STOW MODULE X1 x 19.0| 14.0} 10.0 1.54] 2 3,08

«MISC STOW MODULE X x 19.0] 24.0{ 13.6 3.59| 2 7.18 :

sMISC STOW MODULE X| % 19.0| 32.0| 14.4 5.07] 2 10,14

sMISC STOW MODULE X1 X 19.0] 40.0| 32.0] t4.07] 2 28.14

(MISCL SUB TOTAL) (8} 48.54

sUTILITIES RUN XX 4 SECTORS PROVIDED IN CROSS SECTION

sLIGHTING XX NOT SHOWN
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HABITAT EQUIPMENT & STOWAGE VOLHUME DATA SUMMARY SHEET

This chart summarizes the information contained on the preceeding twelve (12) pages. The nine(9)} basic
habitat functional areas are listed on the left with a Visting of NASA's baesline requirements for each module
noted.

The galley/wardroom shown exceeds NASA's requirements, except for vegetable bulk stowage. Only 27 cu. ft,
is provided in this configuration, it is assumed the remaining 90 day supply can be left in the logistics
module until required onboard the habitat., The galley shown provides two (2) regrigerators & freezers, to

cover the situation where one unit fails. Two (2) compactors are provided to optimize the waste collection
system. Since two (2) compactors are provided the volume for simple trash stowage was veduced.

The crew quarters are identical in shape, size & furnishings provisions. A total of 35.0 cu. ft. of
equipmcnt/stowage volume has been provided for each crew quarter, exceeding NASA's requirements by 40X,

The health maintenance & health exercise facilities have been shown as two separate compartments, rather
than one as shown in NASA's reference configuration. In addition the exercise devices are shown as fixed
units, rather than fold-up stowable units. These facilities are shown in separate modules.

The personal hygiene & waste collection facilities are shown as two separate compartments rather than one
connected compartment. four collection/service tanks are located below thus factlities thus minimizing pipe

runs to the units being serviced, The stowage volumes in each compartment equal or exceed NASA's
requirements, i

The three work stations shown provide a full complement of vertical & horizontal display/control panels,
external viewing windows, long work bench surface areas, and large stowage volumes below each uork station.
The modular concept produces 1dentical geometries for each work station.

The equipment volumes shown are all modular units. The ECLSS, power/thermal and safe haven provisions have

40.0" x 40.0" cross sections and are readily accessible for service or replacement. The remaining equipment
are all 19,0" wide rack mounted units.

Miscellaneous stowage volumes are a combination of rack mounted unfts and those areas inside the dining
table and counter top galley work areas.

The utilities volume represents the four areas within the upper & lower truss structures set aside for
the routing of all WP #1 & WP #2 utilities,

The total volumes shown for this arrangement have been calculated on well defined form factors for each
element in the habitats, Each volume form factor listed has been shown mounted to realistic secondary support
structure. The totals listed for each habitat cxceed NASA's requirement by a considcrable amount.
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HABITAT EQUIPMENT AND STOWAGF VOLUME DATA SUMMARY SHEET

CONF IGURATION: Al _(0-6) HAB #! & #2 -31.5° CYLINDER SHEET NQ,_ -/
LAYOUT NO_ 751B-B3A-110 &-210 DESIGN ENGR: GENE W. HARMS DATE :
NASA BASELINE  |CONFIG Al TOTALS A
FACILITY/EQUIPMENT HAB#2 HAB# | HAB#2 REMARKS HAB#| [HAB#2
| -WARDROOM/GALLEY
*MODULAR UNITS iog.o | ----- 159.34 | ----- SOME REDUNDANCY OF UNITS PROVIDED +65).34 ) ----
+VEG BULK STOWAGE 2.3 | =----- 27.44 | ----- EXCESS VEG STOWED IN LOGISTICS MODULE |-89.86 | ----
+STOWAGE CONTAIN 20,0 | --=-- 27.44 | ----- + TJ.44 ) ~---
2-CREW OUARTERS(6) | ==--- 150.0 | ~=---- 210.24 35.04 CQU.FT. PER QTR PROVIOCED -==-~ [+60.24
J-HEALTH MAINT FACIL 88.0 | ----- 70.08 | ~----- COLD USE VOL IN EXER FACILITY “17,92 | ----
4-HEALTH EXER FACIL 64.0 | ----- 93.20 | ~---- NASA UNIT FOLD-UP FIXED UNITS SHWN HERE]+29.20) ----
5-PERS HYGIENE FACIL 7.0 7.0 30.56 30.56 |INCLUDES 21.8 CF OF WATER TANKS +23.56 | +23.%6
6-WASTE COLL FACIL 7.0 7.0 39.32 39.32 INCLUDES 21 .8 CF OF COLLECTION TANKS +32.32 )+32.32
7-0PS CONTROL STA 2000 | ===-- 26.38 | ----- |+ 8.38) ----
7-PAYLOAD OPS STA | ----- 39.0 ----= 40,14 e AT
7-MTN/REPAIR STA | ----- 9%.0 | ==---= 39.04 -=--- |-56.96
8-EQUIPMENT
+ECLSS 331.0 331.0 336.0 336.0 |SHOWN AS 6 MODULAR REMOVEABLE UNITS |+ 5.00 |+ 5.00
+«DATA MANAGEMENT 24,0 73.0 24.27 72.81 |SHOWN AS 19" RACK MOUNTED MODULLAR UNITS|+ 0.27 |- 0.29
+COMM/TRACKING 8.0 24.0 24.27 24.27 |SHOWN AS 19* RACK MOUNTED MODULAR UNITS)+16.27 |+ 0,27
+POWER/THERMAL 96.0 96.0 80.0 80.0 SHOWN AS 2 MODILAR REMOVEABLE UNITS -16.00 |-16.00
+SAFE HAVEN PROV 50.0 50.0 80.0 80.0 SHOWN AS 2 MODULAR REMOVEABLE UNITS +30.00 §+30.00
+WASHER/DRIER @ | ----- 9.0 | ----- 28.14 |SHOWN AS 2 FRONT LOADED UNITS =--= 1-10.86
+OXYGEN MASK STOW 8.0 8.0 10.26 10.26 [SHOWN AS RACK MOUNTED MODULES ¢ 2,26 2.26
9-MISCELLANEQUS
+CREW RESTR STOW | --==-- 1 =c--= | =e--e 10.26 ==n= |+10.26
+EQUIPT RESTR STOW 6.0 6.0 ]| ----- 10,26 - 6.00]+ 4.26
+SPARES MOD STOw 100.0 100.0 97.08 135.36 |[NASA NOT SHOWN-SHWN HERE AS RACK UNITS |- 2,92 |+35.36
+MISCEL. MDD STOw 9G0.0 90.0 181,36 48.54 INASA NOT SHOWN-SHWN HERE AS RACK UNITS [+91.36 |-41.46
+UTILITIES 73.0 73.0 246 .00 246 .00 |WPHIM2 UTILITIES IN FOUR CORNER TRUSSES|+168.0 {+168.0
+LIGHTING 19.0 9.0 | =-=-=>- ] =----- NOT CALCULATED -19.00 [-19.00
TOTALS 1236.3 1208.0 1308.99 144} .12
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CREW SIZE VERSUS MODULE LENGTH

Arrangement A2 {4 x 4) is similar to Al (0-6), with one basic exception. In an attempt to minimize the
differences between Habitat #1 & #2 the crew quarters arrangement has been modified. In this concept four (4)
quarters are lucated in Hab #1 and four {4) identical crew quarters are in Hab #2, The vestibule areas with
its support tanks for the WCS & personal hygiene compartments are identical. The left hand compartment below
the deck is identical in shape, size & stowage provisions but differ in functiunal useage. One hab contains
the HMF while the other contains the exercise facility. The ECLSS, power/thevmal & safe haven installations
are identical in form factor {differences in functions will probably exist.)

The interstitial deck structural configuration in both habitats ic idenlical, while the WP #] & WP¥Z
utilities runs are the same {with some tailored differences}. .

Above the deck the plan view of both habitats are the same. In Habitat #1 the racks and work stations
support the galley functions on the left hand portion of the module, In Habitat #2 identical racks and work
stations are used to mount equipment and provide payload operations & maintenance/repair control stations.
The WCS & personal hygiene facilities .are replicated. On the RH side of the module the rack/work station
geometries are §similar, ,

This arrangement can support a crew of 8 as comﬁared to the six (6) show in arrangement A}, [t

optimizes the deyree of conmonality between the two habitats. This arrangement has interesting possibilities
for growth with larger crew sizes,



FOUR CORNER MODUL..? TRUSS CONCEPT

CREW SIZE VERSUS MODULE LENGTH @
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FOUR CORNER MODULA.. TRUSS CONCEPT

8RUMMA

CONFIG A2(4X4) HAB#! CROSS SECTIONS @

CROSS SECTIONS SHOWING LOWER sTalon
LEVEL CONGIGURATION

SECT A-A

SECT D-D SECT E-E

IRR&D
DRAWING 751B-B3A-111

4
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FOUR CORNER MODULAR TRUSS CONCEPT
CONFIG A2(4X4) HAB#! CROSS SECTIONS @.

CROSS SECTIONS SHOWING UPPER
LEVEL CONGIGURATION

SPACE
STaTION

SECT G-G SECT H-H SECT I-I SECT J-J SECT K-K

SECT 0-0 SECT P-P

SECT R-R SECT S-S SECT T-T IR&D

DRAWING 751B-B3A-111
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FOUR CORNER MODULAF. TRUSS CONCEPT

S8RUMMAN

CONFIG A2(4X6) HAB#2 CROSS SECTIONS @_

CRAOSS SECTIONS SHOWING LOWER
LEVEL CONGIGURATION

SECT A-A

SECT D-D SECT E-E

DRAWING 751B-B3A-21 |

STATION

ITR&D



FOUR CORNER MODULAR TRUSS CONCEPT
CONFIG A2(4X4) HAB#2 CROSS SECTIONS @_
CROSS SECTIONS SHOWING UPPER e

LEVEL CONGIGURATION ST

SECT uU-uU SECT v-V SECT W-w SECT X-X SECT Y-Y

SECT 2-Z SECT 1-1

SECT 3-3 SECT- 4-4 SECT 5-5
IR&D

DRAWING 751B-B3A-211|
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HABITATY FACILITY/EQUIPBENT VOLUME DATA LIST

The fullowing twelve (12) pages list the.quantity. sizes & volumes of all facilities, equipunit L stowag
containers located in configuration A2, The facilities have been grouped into nine (9) basic areas, they are

Galley/Wardroom

Crew Quarters

Health Maintenance Facility
fiealth Exercise Facility
Personal Hygiene Facility
Waste Collection Facility
Work Stations

Equipnent

Miscellaneous Stowage

[V - N I P L

The column’ labeled "sect 1tr* depicts which section letter(s) on the preceeding five (5) drawings. show
where each piece of hardware is located. It should be noted thal a)l stowage/equipment hardware has a 19.0%
dimension, denoting that they are rack mounted units. The variation in D (depth) and L/H {Length/Height)

dinensicns have been minimized for the sake of conmonality. In this fashion the logistics module mounting
pattern can be optimized for bringing up this equipment,

This data list is essentially the same as that shown for arrangement Al, the locations in some cases
differ, :
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HABITAT FACILITY/EQUIPMENT VOLUME DATA LIST

CONFILJURATION: A2 (4X4)

HAB_#1 & #2 -3 S5'CYLINDER

SHEET NQ, a3

LAYOUT NO. 751B-B3A-111 &-211 DESIGN ENGR: GENE W. HARMS DATE :
FACILITY/EQUIPMENT HAB ¢ SET%T UNLT DIMENSION(’) chc{_T ary Te&_AL REMARKS
o LAR L2 L B 1ML icFn (C FI)

t ~-GALLEY/WARDROOM | X'} — |G-N 168.0 ' DESIGNED FOR CREW OF EIGHT-SEE PG 38 & 4
o TABLE I-M 84.01 40.0 { {(40.0) |LISTED ON PG 54 AS MISC 5Tw
sQVERHEAD CANTEEN J-L 60.0| 18.0 1 18.0 |CONTAINS ALL FLUIDS FOR CREW
«COUNTER TOP UNIT I-M | 30.0] ----1105.0| 16.2 2 (30.4) |LISTED OGN PAGE 64 AS MISC STW valL
oW INDOW L.M 4 WINDOWS FOR GROUP VIEWING.ETC.
*GALLEY UNITS _

-REFRIGERATOR G 19,0 40.0] 32.0f 14,07 | 2 28, 14 [FOOD VOL APPROX 6 CF(2 UNITS FOR FAIL)
~FREEZER ' H 19.0| 40.0| 32.0] 14.07 | 2 28. 14 |Foop voL APPROX & CF(2 UNITS FOR FAIL)
-CONVECTOR OVEN I " 19.0] 32.0| 14.4 5.07 | 5.07

~MICRO WAVE OVEN I 19.0| 32.0] 14.4] 5.07 | 5.07

~AMBIENT FOOD #1| G 19.0] 14.0] 10.0] V.54 | 2 J.08|VOL ALSO PROVIDED FOR BULK VEG-SEE PG 44
-AMBIENT FOOD #2 G 19.0} 24.0] 13.6 3.99 2 7.18 ‘

-AMBIENT FOQD #3 G 19.0] 32.0] 14.4 5.07 2 10. 14 |(TOTAL = 20.4 CF)

-COMPACTOR I 19.0] 40.0} 32.01 14.07 | 2 28. |4 |TWO UNITS PROVIDED{FAILURE OF ONE)
-DISHWASHER J 19.0] 24.0]| 26.0] 6.86 | 6 .86 |BELOW COUNTER TOP LOCATION

-HAND WASHER H 19.0] 32.0) 14.4] 5.07 { 5.07 [LOCATED WATIST HIGH-NEAR TABLE

-WATER HEATER H i19.0| 14.0] 10.0 1.54 2 J3.08 |ONE UNIT ONE EACH SIDE OF GALLEY
-CHILLER/REHYDR H i19.0] 24.0{ 3.6 3.9 | 2 7. |8 |ONE UNIT NEAR EACH FREEZ/REFR PAIR
-HOUSE KP SUP I 19.0] 14.0] 10.0]| .1.54 2 3.08

-HOUSE KP SUP I 19.0] 24.0}) 13.6 3.59 2 7.18|(TOTAL = 10.26 CF)

-UTENS/APPL H 19.0] 32.0| i4.4 5.07 | S.07[(TOTAL = 5,07 CF}




ZL-1

HABITAT FACILITY/EQUIPMENT VOLUME DATA LIST

CONFIGURATION;: A2 (4X4)

HAB #1 & #2 -31,.5'CYLINDER

SHEET NQ, & +

LAYOUT NO._7518B-B3A-111 &-211 DESIGN ENGR: GENE W. HARMS DATE :
FACILITY/EQUIPMENT HAB # SET%T UNIT DIMENSION{®) L\';E_T ary Te&_& REMARKS
o2 d D | LH ] (cF1y (C ET1
| -GALLEY/wARDROOM | X | —
sGALLEY UNITS(CTD
-TRASH STOW J 19.0] 24.0f 26.0] 6.86 | 6.86 JUTILIZE COMPACTORS PROVIDED
~VEG BULK STwW M. N 19.0] 24.0] 26.0} 6.86 | 4 | 27.44 |LOCATED BELOW FOOD PREP- COUNTERS
-STOW CONTAINERS K,L 19.0{ 24.CG| 26.0] 6.86 4 27.44 [LOCATED BELOW FODD PREP COUNTERS

e

sFACILITY VO SUM

~-MODULAR UNITS

159.34
-VEG BULK STOwW 27.44
-STOWAGE CONT 27.44
-CANTEEN 18.00
~FREE VOLUME

-TOTAL VOL
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HABITAT FACILITY/EQUIPMENT VOLUME DATA LIST

CONF1. JRATION: A2 {(4X4) HAB #1 & #2 -3, 5'CYLINDER SHEET N{Q, %o
LAYOUT NO., 75IB-B3A-1 11 &-211 DESIGN ENGR: _GENE W. HARMS DATE ;
FACILITY/EQUIPMENT e 4 SLETCRT UNIT DIMENSIONG®) U\%I._T aTy TecTﬁL REMARKS
#11#2 w D |LH | (¢cF1T) (C FT)
2-CREW QUARTERS Y IX c Y0L/CRW QTR-SEE PG 38 & SECT C-C.PG 39.41
DECK UNITS
-CREW STOW UNITS 19.0] 14.0] 19.0] 2.92 | 7 20.44 |UNITS RETURNED TO EARTH WITH CREW
-TV/PC COMP 19.0] 14.0] 19.0] 2.92 | 2.92|SINGLE UNIT-KEY BOARD NOT SHOWN
~-DESK (FOLDINGI NOT SHOWN AT THIS TIME
*SIDE UNITS
-CREW STOW UNITS 19.0| 14.0] 19.0 2.92 4 || .68 )STACKED FROM FLOOR TO CEILING
-SLEEP BAG 20.0! 2.0} 73.0 CAN BE REPOSITIONED OR STOWED

~BULLETIN BOARD

NOT SHOWN AT THIS TIME

-WINDOW

WINDOW IN EACH CREW OQUARTER

FACILITY vOL SUM

»

=MODULAR UNITS

il J2.12
-MISC VvOLS | 2.92
-STR/MISC
-FREE vOLUMIZ 108 .00 |24w X36l. ENTRANCEWAY INTO EACH QIR
-TOTAL VvOL

143.04

JOTAL FOR EACH CREW GTR-4/MODULE SHOWN
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HABITAT FACILITY/EQUIPMENT VOLUME DATA LIST

CONFILURATION: A2 (4X4)

HAB #1 & #2 -3 . 5'CYLINDER

SHEET NQ, 40O

LAYOUT NO. 751B-B3A-111 &-211 DESIGN ENGR;:_GENE W. HARMS DATE ;
FACILITY/EQUIPMENT HAB 4 %&T UNIY DIMENSTON(®) L\’;"QILT arty Tea_AL REMARKS
#1142 W D jtH ] (e Fry (C_FY)
3-HEALTH MAINT Facid X | -1 F SEE PG 38 & SECY F-F ON PG 41
sDECK UNITS 19.0] 14.0] 19.0] 2.92 |i6 46,72 [MODULAR UNITS-FLOOR TO CEILING
-MED MOD UNITS
oSI0OE UNITS
-MED MOD UNITS 19.0] 14.0] 19.0f 2.92 8 23,36 |MODULAR UNITS-FLOOR TO CEILING
sMISC JTEMS
-EXAM TABLE 20.0| I INCLUDED IN FREE VOLUME TOTAL
~WINOOW s 2 2 WINOOWS IN HMF COMPARTMENT
T
sFACILITY VOL SUM
~MODULAR UNITS 24 70.08
-MISC vOLSs
~STR/MISC
-FREE VOLUME 216.00]32w X 42U ENTRANCEWAY INTO COMPT
~TOTAL VOL 286.08




HABITAT FACILITY/EQUIP“ENT VOLUME DATA LIST

CONFIGLURATION: A2 (4X4) HAB #1 & #2 -3 .5'CYLINDER SHEET NQ, a ]
LAYOUT NO., 751B-B3A-111 &-211 DESIGN ENGR:_GENE W. HARMS DATE :
FACILITY/EQUIPMENT HAB # SLET%T UNIT DIMENSION") l{]NOII:_T ary Te&_AL REMARKS
LAl LE: W D |t ]l (cFry (C F1)
4-HEALTH EXER FACILI X ]| -1 B SEE PG 38 & SECT B-8 ON PG 39
*DECK UNITS
-MOD STOW UNITS 19.0] 14.01 19.0 2.92 |(eljl{17.52]
-Tv/PC COMP 19.01 14.0] 19.0 2.92 2 5.84
~SPEAKERS 19.0] 14.0] 19.0 2.92 2 5.84
-BOOK UNITS 19.0] 14.0}] 19.0 2.92 6 17.52
«SI0E UNITS
-MOD STOW UNITS 19.0] 14,0} 19.0] 2.92 |(8)](23.36)
«M1ISC ITEMS
:.': -ERGOMETER 24.0| 36.0| 48.0 | 24.00 |SHOWN AS FIXED EQUIP IN FREE VOLUME
T TREADMILL 24.0] 48.0| 60.0 i | 40.00 |SHOWN AS FIXED EQUIP IN FREE VOLUNE
oFACILITY WOL SUM
-MODULAR UNITS 14) 1(40.88) |LISTED ON PG 54 AS MISC STOMAGE
-MISC VOLS 10 29.20 B
-EQUIPMENNT (64.00) |FIXNED UNITS PART OF FREE VOLUME
-STR/MISC
~FREE VOLUME 216.00]|TW0 ENTRANCENAYS INTO THIS COMPT
-TOTAL VOL 245.20
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HABITAT FACILITY/EQUIPMENT VOLUME DATA LIST

CONFILURATION: A2 (4X4)

HAB #1 & #2 -31.5'CYLINDER

SHEET NQ, «d

LAYOUT NO. 751B-B3A-111 &-21] DESIGN ENGR:_GENE W. HARMS DATE «
FACILITY/EQUIPMENT HAS 3 SE%T UNIT DIMENSIONU") %“QIJ aTty T(\:;&AL REMARKS
ALE W D | R}~ F1) (- FI1 .
5-peRS HYGIENE FA: | X | X ]o-0 SEE PG 38 & SECT 0-0.P-P.G-0.0N PG 40
»MODULAR JNITS YALUES ARE PER HYGIENE FACILITY
-GENERAL STOW a i19.0] 19.0] 14.0 2.92 e 5.84
-HAND WASH a 19.0| 14,0} 19.0| 2.92 | 2.92
*SHOWER O.P |34 0D]| ---~] 74.0[ 32.0 | 32.0 |DOMED ON BOTH ENDS-20“ WIDE DOOR
sMISCELLANEQUS
-WATER SUP TANK ) 19.0] 34.0) ----1 10.9 | 10.9 [APPROX BC GALS OF WATER
-WATER COL TANK D 19.0] 34.0) ----} 10.9 i 10.9 |APPROX B0 GALS OF WATER
sFACILITY VOL. SUM VALUES ARE FOR 2 HYGIENE FACILITIES
-MODULLAR UNITS é 17.52
-MISC vOLS 4 43.6
-SHOWER 2 64.0
-STR/MISC
~FREE VOI_UME 28.0 [(VOLUME PER FACILITY}
-TOTAL vaL. 300.54 | (HYG CMPT=256.94 CF .TANKS=43.6 CF)
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HABITAT FACILITY/EQUT™MENT VOLUME DATA LIST

CONF1LURATION: A2 (4X4) HAB #) & #2 -3 .5°'CYLINDER SHEET NQ. 49
LAYOUT NO., 7951B-B3A-11t &-211 DESIGN ENGR: GENE W. HARMS DATE :
FACILITY/EQUIPMENT Has 4 SETCRT UNIT OTMENSIONC) “&é}f aTty TS&AL . REMARKS
#1]#2 L D_| LM | (o Fry (Cc ET)
6-WASTE coL Fac | XX lo-a , SEE PG 38 & SECT 0-0.P-P.0-0.CN PG 40
oMODUL. AR ENQITS VALUES ARE PER WC FACILITY
-GENERAL STOW e} 19.0} 19.0{ 4.0} 2.92 | 2 5.84
-HAND WASH 0 19.0] 14.0| 19.0|] 2.92 | 1 2.92
-GENERAL STOW Q 19.0] 19.0] 14,0] 2.92 | 2 5.84
~GENERAL STOW a |'19.0] 14.0] 19.0] 2.92 | 1| 2.92
sMISCELL ANEQUS
-URINE/FECAL COL P 19.0} --~-1 ----| 12.6 | 12,6 |SHAPED FOR ZERQ G OCCUPANTS
-FECAL CcOLL MOD D 19.0] 34.0} ----| t0.9 l 10.9 |REMOVABLE UNIT-RETURN TO EARTH
-URINE COLL ™MOD D 19.0] 34.0] ----] 10.9 ) 10.9 |CAN BE USED TO REPROCESS WATER
sFACILITY VvOL SUM VALUES ARE FOR TWO WC FACILITIES
~MODULAR UNITS 12 35.04
-URINE/FECAL COL 2 25.2
-MISC VOLS ) 4 43.6 |(TANKS LOCATED BELOW DECK)
-STR/MISC
-FREE VOLUME 61.95 JIVALUE PER COMPARTMENT)
-TOTAL Vi 300 .54 {(MC CNPT=256 .94 CF ,TANKS=43.9 CF)




HABITAT FACILITY/EQUIPMENT VOLUME DATA LIST

CONFILURATION: A2 (4X4) HAB #| & #2 -3, 5'CYLINDER SHEET NO, O
LAYOUT NO. 751B-B3A-111 &-211 DESIGN ENGR:_ GENE W. HARMS DATE :
FACILITY/EQUIPMENT HAB 4 SETCRT UNTT DIMENSTON() “\';‘&T arty Teaf" REMARKS
#ie2 W D LM (cFr) (C FT)
7-WORK STATIONS
s0PS CONTROL STA [ X | -1 R-T SEE PG 38 & SECT R-R,5-5,7-T ON PG 40
-VERT DISP PNLS R.Sl i9.0] 10.0]| 20.0 2.2 2 4,40 |ONE VIEWING WINDOW PROVIDED
-HORIZ CNTL PNLS R.s| 19.0] é.0] 10.0} 0.7 2 1.40 '
~HORIZ CNTL PNLS T | 19.0] e.0| 30.0] 2.0 I 2.00
-MOD STOW UNIT R-T| 19.0| 24.0] 26.0| 6.86 | 3 20.58
sPAYLOAD OPS STA |~ | X | x-2
-VERT DISP PN:S X-z | 19.0| 10.0] 20.0| 2.2 3 6.60|Two VIEWING WINDOWS PROVIDED
-HORIZ CNTL PNLS x-Z2 | 19.0} 6.0| 10.0] 0.7 3 2.10
~HORIZ CNTL PNLS 1 | 19.0] 6.0] 30.0] 2.0 I 4.00
0 ~MOD STOW UNIT x-1 | 19.0} 24.0] 26.0( 6.86 | 4 27.44
® -TRASH STOW UNIT 2| 19.0| 24.0] 26.0] .86 ] | 6.86 |UNDER THE COUNTER TRASH STOW PROVIDED
sMTN/REPAIR STA | — | X |x-2
-VERT DISP PNLS XY 19.0] 10.0] 20.0] 2.2 2 4.40| %0 VIEWING WINDOMS PROVIDED
-HORIZ CHTL PNLS X,y | 19.0] &.0] 10.0] 0.7 2 1.40
-WORK BENCH Z-2 | 63.0] ----| 30.0| 8.7 | 8.70
-MOD STOW UNIT x-1 { 19,0} 24.0| 26.0| 6.86 | 4 27.44
-COMPACTQOR 21 19.0| 24.0} 26.0| 6.86 | 6 .86 [UNDER THE WORK BENCH NODULAR UNIT
SFACTILITY VOL SUM
-MOD UNXTS-HAB#1 | X 3 20.58
-MOD UNIT3-HAB#2 X 8 54 .88
-MISC VOLS . X 2 13,72 | (TRASH STOW & COMPACTOR)
-TOTAL vOL
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HABITAT FACILITY/EQUIPMENT VOLUME DATA LIST,
CONFILURATION: A2 (4X4) HAB #1 & #2 -31 . 5'CYLINDER

SHEET NQ, |

LAYOUT NO. 751B-B3A-111 &-211 DESIGN ENGR: GENE W. HARMS DATE ;
FACILITY/EQUIPMENT HAB & SLET%T UNIT DIMENSTONLT) U\?EILT aTy T%CL REMARKS
#1182 w 0 (1 \/H 1 icFn) {C FT)
8-ECQUIPMENT -
sECLSS A.E MOD REMQVABLE/REPLACEABLE UNITS
-MOD UNIT #I X A.E | 40.0| 40.0| ----| 50.0 | 2 | 100.0
-MOD UNIT #2 X AE | 40.0] 40.0} ----] 59.0 | 2 | 118.0
-MOD UNIT #3 X A.E | 40.0| 40.0| ----] 59.0 | 2} 118.0
-SuB TOTAL( ) {6) ] (336.0) [IDENTICAL INSTALL IN HAB #1 & #2
-MOD UNIT #1 X|A.E | 40.0} 40.0| ----] 50.0 | 2 | 100.0 o
-MOD UNIT #2 : X |Aa.E | 40.0] 40.0| ----] s59.0 ] 2| 118.0
-MOD UNIT #3 XIA.E | 40.0] 40.0) ----] 959.0 ]| 2 | 118.0
-SUB TOTALL ) (6}{(336.0)
*DATA MGMT MODULAR RACK MOUNTED UNITS
-MOD UNIT #1 X R 19.0] 14.0] 10.0] 1.54] | |.54
-MOD UNIT #2 X R 19.0] 24.0] 13.6 3.99] ¢ 3.59
-MOD UNIT #4 X R 19.0] 32.0| 14.4 5.07] 1 5.07
-MOD UNIT #4 X R 19.0] 40.0| 32.0| 14.07¢{ | 14.07
-SUB TATAL( ) (4)] (24.27
-MOD UNIT #1 Xl 4 19.¢c] 14.0] 10.0 1.54] 1 1.54
-MOD UNIT #2 X1 & 19.0] 24.0] 13.6] -3.59] 1 3.59
-MOD UNIT #3 Xl 4 19.01 32.0| 14.4 5.07| | 5.07
-MOD UNIT #4 X1l 4 19.0| 40.0] 32.0| t4.07] | 14.07
~-MOD UNIT #| X! 3 19.0] 14.0| 10.0 1.54] 2 3.08
-MOD UNIT #2 X1 3 .] 19.0] 24.0| 13.6 3.59] 2 7.18
-MOD UNIT #3 X1 3 19.0] 32.0] 14.4 5.07] 2 10.14
-MOD UNIT #4 Xl 3 19.0| 40.0| 32.0} 14.07] 2 26.14
-SUB TOTALL ) (12] (72.81




HABITAT FACILITY/EQUIPMENT VOLUME DATA LIST

CONFl. JRATION: A2 (4X4) HAB #1 & #2 -3, . 5'CYLINDER SHEET NO, o2
LAYOUT NO. 75IB-B3A-111 &-211 DESIGN ENGR: GENE W. HARMS DATE:
FACILITY/EQUIPMENT HAG 4 S|_E](':RT UNIT DIMENSION(") U\?'OILT ary T%CL REMARKS
#1142 W D LM (cFDy (C.FT)
8-EQUIPMENT (CONTD)
«COMM/ TRACKING ’ MODULAR RACK MOLINTED UNITS
-MOD UNIY #1i X S 19.0| 14.0| 10.0 1.64] | 1.54
-MOD UNIT #2 X S 19.0] 24.0} 13.6 3.591 | 3.59
-MOD UNIT #3 X S t9.0| 32.0| 14.4] - 5.07| 1 5.07
-MOD UNIT #4 X S 19.0) 40.0} 32.0} 14.07| i 14.07
-SUB TOTAL( ) (4)| (24.27
-MOD UNIT #i X| 5 19.0| 14.0{ 10.0 1.54] | 1.54
-MOD UNIT #2 X1l 8 19.0| 24.0] 13.6 3.59| | 3.69
-MOD UNIT #3 Xl s 19.0| 32.0] 14.4 5.07] 5.07
- -MOD UNIT #4 X| s 19.0{ 40.0| 32.0] 14.07] I 14,07
8{ -sus TOTAL( ) (4)] (24.27
sPOWER/ THEKMAL X E 40.0| 40.0| ----} 40.0 |} 2 80.0 [MOOULAR RACK MOUNTED UNITS
s POWER/ THERMAL X| E 40.0| 40.0| ----]1 40.0 | 2 B0.0 |MODULAR RACK MOUNTED LNITS
sSAFE HAVEN PRav | X A 40.0} 40.0| ----] 40.0 ]| 2 80.0
*SAFE HAVEN PROV X1 A 40.0| 40.0| ---~| 40.0 ] 2 80.0
«CLOTHES WASHER X! a 19.0| 24.0| 26.0 6.86] | 6 .86 |[FRONT LOADED UNIT+COUNTER TOP WORK AREA
*CLOTHES DRIER X1 s 19.0} 24.0| 26.0 6.86| | 6 .B6 [FRONT LOADED UNLT+COUNTER TOP WORK AREA
¢COUNTER TOP STOW X| 4.5 30.0{ ----] 42.0 5.80] | 5 .80 |LOCATED ABOVE WASHER/ORIER UNITS +WINOOW
sOXYGEN MASKS X Y 19.0| 14.0] 10.0 1.54] 1 1.54
*OXYGEN MASKS X T 19.0| 24.0] 13.6 3.59| 3.59
sOXYGEN MASKS Xl u 19.0| 14.0| 10.0 1.54] 2 3.8
*OXYGEN MASKS X1u 19.0] 24.0} 13.6 3.59] 2 7.18
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HABITAT FACILITY/EQUT™MENT VOLUME DATA LIST
CONF1GURATION: A2 (4X4) HAB #] & #2 -3

SHEET NQ, 95

LAYOUT NO,. 751B-B3A-111 &-211  DESIGN ENGR:_GENE W. HARMS DATE
FACILITY/EQUIPMENT HAB ¢ sl_ETCJ UNIT DIMENSTION(®) U\%ILT ary T%CL REMARKS
#l)42 W D LH Y (cFI (CFI)

9-MISCELLANEQUS ‘

*CREW RESTRAINTS U 19,0 32.0| 14.4 5.07] i 5.07

*EQUIP RESTRAINTS| X T 19.0| 32.0] 14.4 5.07| | 5.07

*EQUIP RESTRAINTS Xt u 19.0| 32.0] 14.4 5.07] | 5.07

*SPARES MOD STOw | X T 19.0| 40.0| 32.0{ 14.07} 1 14,07

{SPARES SUB TOTAL | X (1)]|(14.07) |SPARES IN RACK MOUNTED MODWLE ULNITS

sSPARES MOD STOW X|v.w | 19.0] 14.0] 10.0 1.54] 4 6.16

»SPARES MOD STOW X]v.w | 19.0] 24.0] 13.6 3.59| 4 14,36 '

*SPARES MOU STOW Xiv.w | 19.0] 32.0] 14.4 5.07] 4 20,28

*SPARES MOD STOW Xiv.w | 19.0| 40.0! 32.0f 14,07} 4 56.28

(SPARES SUB TOTAL X 16) | (107.22|SPARES IN RACK MOUNTED MODUWLE UNITS




HABITAT FACILITY/EQUIPMENT VOLUME DATA LIST

CONF1uURATION: A2 (4X4) HAB #1 & #2 -3, .5'CYL INDER SHEET NQ._ o4

28-1

LAYOUT NO. 751B-B3A-i 11 &-211 DESIGN ENGR: GENE W. HARMS DATE :
HAB #|SECT|UNIT DIMENSION(* UNIT TOTAL
FACILITY/ZEQU1PMENT LTR () vaL ary VoL REMARKS
#1192 L 0 LM | (¢ Fr) (C_FT) ,
9-MISCELL STOW (CTD
-COUNT TOP CABNTY | X I-4 | 30.0] ----]105.0] 15.2 | 2 30.4 |CARRIED OVER FROM PAGE 43
-TABLE BASE stow | X I-M 40.0 I 40.0 |[CARRIED OVER FROM PAGE 43
~-HEALTH EXER AREA] X B 19.0] 14.0] 19.0 2.92] 14| 40.88|CARRIED OVER FROM PAGE 47
(MISCL SuB TOTAL)| X (171,28
+MISC STOW MODULE Xl u 19.0| 40.0| 32.0} 14.07} 2 28.14
sCOUNTER TOP UNIT X14.5 | 30.0} ----] 42.0 5.80]| | 5.80 |CARRIED OVER FROM PAGE 62
(MISCL SUB TOTAL) X (3)] (33.94
sUTILITIES RUN X X 246.0 |4 SECTORS PROVIDED IN ALL CROSS SECTIONS
sLIGHTING XX NOT SHOWN
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HABITAT EGUIPMENT & STOWAGE VOLUME DATA SUMMARY SHEET

This chart sunmarizes the information contained on the preceeding twelve (12) pages. The nine(9) basic
habitat functional areas are listed on the left with a listing of NASA's baesline requirements for each module
noted,

The galley/wardroom shown exceeds NASA's requirements, except for vegetable bulk stowage. Only 27 cu. ft.
is provided in this configuration, it 15 assumed the remaining 90 day supply can be left in the logistics
module until required onboard the habitat, The galley shown provides two (2) regrigerators & freczers, to
cover the situation where one unit fails. Two (2) compactors are provided to optimize the waste collection
system. Since two (2) compactors are provided the volume for simple trash stowage was reduced.

The crew quarters are identical in shape, size & furnishings pravisions. A total of 35.0 cu. ft. of

equipnent/stowage volume has been provided for each crew quarter, exceeding NASA's requirements by 40X. This
arrangement has four (4) crew quarters in each module.

The health maintenance & health exercise facilities have been shown as two separate compartments, rather
than one as shown in NASA's reference configuration. In addition the exercise devices are shown as fixed
units, rather than fold-up stowable units, These facilities are shown in separate modules.

The personal hygiene & waste collection facilities are shown as two separate compartments rather than one
connected compartment. Four collection/service tanks are located below thus facilities thus minimizing pipe

runs to the units being serviced. The stowage volumes in each compartment equal or exceed NASA's
requirements, .

The three work stations shown provide a full complement of vertical & horizontal display/control panels,
external viewing windows, long work bench surface areas, and large stowage volumes below each work station,
The modular concept produces identical geometries for each work station.

The equipment volumes shown are all modular units, The ECLSS, power/thermal and safe haven provisions have

40.0" x 40.0" cross sections and are readily accessible for service or replacement. The remaining equipment
are all 19.0" wide rack mounted units.

Miscellaneous stowage volumes are a combination of rack mounted units and those areas inside the dining
table and counter top galley work areas.

The utilities volume represents the four areas within the upper & lower truss structures set aside for
the routing of all WP #1 & WP #2 utilities.

The total volumes shown for this arrangement have been calculated on well defined form factors for each
element in the habitats. Each volume form factor listed has been shown mounted to realistic secondary support
structure. The totals listed for each habitat exceed NASA's requirement by a considerabie amount.
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HABITAT EQUIPMENT AND STOWATE VOLUME DATA SUMMARY SHEET

CONFIGURATION: A2 (4X4) HAB #1 & #2 -31.5‘ CYLINDER SHEET NQ, 09
LAYOUT NO. 751B-B3A-1tt &-21| DESIGN ENGR:_GENE W. HARMS DATE ;
NASA BASELINE  |CONFIG Al TOTALS A\
P LYY/ O PMENT HAB#2 | HAB#I | WHAB#2 REMARKS HAB# | |HAB#2
| ~-WARDROOM/GALLEY .
+MODULAR UNITS i08.0 | ----- 159.34 | ----- SOME REDUNDANCY OF UNITS PROVIDED 51,34 | ----
+VEG BULK STOWAGE 17,3 ) ----- 27.44 | --e-- EXCESS VEG STOWED IN LOGISTICS MODUAE |-89.86 ) ----
+STOWAGE CONTAIN 2.0 | ----- 27.44 | e--- o 7,44 ===
2-CREW OQUARTERS(8) | ----- 150.0(6) | 140.16 140.16 |35.04 CU.FT. PER GTR PROVIDED e 9.84 |+140.16
J-HEALTH MAINT FACIL 88.0 | =-=-== ]| ====- 70.08 COAD USE VAL IN EXER FACILITY -88.00 {+ 70.00
4-HEALTH EXER FACIL 64.0 } ----- 93.20 | ----- NASA UNIT FOLD-UP,FIXED UNITS SHWN HERE|+29.20 | ----
5-PERS HYGIENE FACIL 7.0 7.0 30.5%6 30.56 INCLUDES 21.8 CF OF WATER TANKS +23.66 |+23.96
6-WASTE COLL FACIL 7.0 7.0 39.32 39.32 [INCLUDES 21.8 CF OF COLLECTION TANKS - [+32.32 [+32.32
7-0PS CONTROL STA 2.0 { ----- 28.38 | ----- 1+ 838} ----
7-PAYLOAD OPS STA | ==«-- 39.0 | -~--- 40,14 —eee fe o004
T-MIN/REPAIR STA | ~w--- 9%.0 | ----- 41.94 veee |-66.96
8-EQUIPMENT
+ECLSS 33.0 33t.0 336.0 336.0 |SHOWN AS & MODULAR REMOVEABLE UNITS + 5.00 [+ %9.00
+DATA MANAGEMENT 24.0 73.0 24.27 72.81 |SHOWN AS 19 MODULAR UNITS ¢ 0.27 |~ 0.29
+COMM/ TRACKING 8.0 24.0 24.27 24,27 |SHOWN AS 19° MODULAR UNITS “16.27 |+ 0.27
+POWER/ THERMAL 96.0 96.0 80.0 80.0 [SHOWN AS 2 MODULAR REMOVEABLE UNITS -16.00 |-16.00
+SAFE HAVEN PROV 50.0 50.0 80.0 80.0 SHOWN AS 2 MODULAR REMOVEABLE UNITS +30.00 [ +30.00
+WASHER/DRIER | ----- 39.0 | ----- 13.72 |SHOWN AS 2 FRONT LOADED UNITS --=- 1-10.86
+OXYGEN MASK STOW 8.0 8.0 5.53 10.26 |SHOWN AS RACK MOUNTED MODULES v 2,26 |+ 2,26
9-MISCELLANEQUS
+CREW RESTR STOW | =----= | cecec | —-eus 5.07 -—-= |+ 8.07
+EQUIPT RESTR STOW 6.0 6.0 5.07 5.07 - 0.93 |- 0.93
+SPARES MOD STOW 100.0 100.0 14.07] 107.22 |NASA NOT SHOWN-SHWN HERE AS RACK UNITS |-88.93 [+ 7,22
«MISCEL MOD STOW 90.0 90.0 1il.28 33.94 |NASA NOT SHOWN-SHWN HERE AS RACK UNITS |+21.28 [-56.06
+TRASH STOW{HAB#2} | | ----- 6.86 |NOT SHOMN IN REFERENCE CONFIG ---- |+ 6.86
+COMPACTOR(HAE2) | | ----- 6.86 |NOT SHOWN IN REFERENCE CONFIG -—-- |+ 6.86
sUTILITIES 73.0 73.0 246.00| 246.00 |wP#ie2 UTILITIES IN FOUR CORNER TRUSSES|+164.0 |+168.0
+LIGHTING 19.0 9.0 | =~=--- ] =---=-- NOT CALCULATED -19.00 |-19.00
TQTALS 1236.3 1208.0 1272.33 | 1390.28
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CREW SIZE VERSUS MODULE LENGTH

Arrangenent A3 (0-8) depicts a longer module (38.5' cylinder length}. In this arrangement, each habjtat
has an extra 7.0' section added, this length below the deck pruvides an additional compartment and four (4)
increments of 21.0" above the deck for functional utilities and stowage. The added length provides some
interesting possibilities, In this arrangement two (2} exercite and two (2) HMF compartients are shown in Hab
#1, while four (4) double crew compartments (8 crew) are shown in Hab #2. In the upper volume of the module,
a galley/wardroom seating B persons is shown. Each habitat has identical WCS & personal hyyiene compartments,
The work control stations are divided between the two modules as are the equipment racks.

In the yrowth version only Hab #2 has to be added to the IOC Space Station. The additional 8 crew )
persons (total crew = 16) can use the HMF & exercise facilities already provided. The galley is large enough
to geat 8 persons, for this reason it would not be unreasonable to assumed that B persons will eat while the

other 8 perform their tasks. The added Hab #2 could be configured on the upper deck to provide a meeting
place for 16 people & also a snack bar.

The Habitat facility/equipment volume data list and sunmary sheet have not been prepared for this
arrangement. If required, this information could be provided at the next update of this report,
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FOUR CORNER MODUL.2 TRUSS CONCEPT

CREW SIZE VERSUS MOBULE LENGTH

GTATION

& €

ARRANGEMENT A3 - 0 X 8

CREW SIZE

8
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FOUR CORNER MODUL., 3 TRUSS CONCEPT
CREW SIZE VERSUS MODULE LENGTH gggi_ <:>

SPACE
STATION

PAGES 57 THRU 60 ARE ASSIGNED TO THE CROSS SECTIGON
DRAWINGS OF ARRANGEMENT A3 (0 X 8)-751B-B3A-112 & -212

PAGES 61 THRU 73 ARE ASSIGNED TQ THE HABITAT FACILITY/
EQUIPMENT VOLUME DATA LISTS

THIS DATA WILL BE SUPPLIED AT A LATER DATE - IF REQUIRED.

BRLIMMAN
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CREW ST7E VERSUS MODULE LENGTH

Arrangement A (6 x 4) is similar to A3 {0 x 8) shown on the preceding drawing. In this arrangement the
crew quarters are divided differently, Hab #1 contains six (6) crew quarters, while Hab #2 contains four (4).
An exercise compartment is shown in each Habitat and only one (1) HMF 1s shown in Habitat /1,

The arrangement above the deck is fdentical to that shown in A3 (0 x 8). The I0C crew size fs now ten
(10) rather than eight (8). When a third habitat is added at growth, this module could be configured to

provide 4, 6 or 8 more crew compartments, Since the compartments below the deck all have the same geometries
shapes & volumes, many interesting combinations can be provided.

The Habitat facility/equipment volume data 1ist and summary shcet have not been prepared for this
arrangement. If required, this information could be provided at the next update of this report.



FOUR CORNER MODUL. R TRUSS CONCEPT

CREW SIZE VERSUS MODULE LENGTH @_

sunon
ARRANGEMENT A4 - &6 X 4 CREW SIZE = 10
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FOUR CORNER MODUL..»® TRUSS CONCEPT

CREW SIZE VERSUS MODULE LENGTH gﬁi%_ <:>

STATION

PAGES 75 THRU 78 ARE ASSIGNED TO THE CROSS SECTION
DRAWINGS OF ARRANGEMENT A4 (6 X 4)-751B-B3A-113 & -213

|

PAGES 79 THRU 9t ARE ASSIGNED TO THE HABITAT FACILITY/
EQUIPMENT VAOLUME DATA LISTS

THIS DATA WILL BE SUPPLIED AT A LATER DATE - IF REQUIRED.

v
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CREW SIZ2L/MODULE LENGTH LWR COMPARTHENT

Confiyurations A5 (0 x 8) & A6 (6 x 4) are similar to the ones shown prior. In this case, another 7.0'
compartment section and a second 42,0 vestibule section have been added for a cylinder length of 42.0%. The
Crew sizes of 8 and 10 are the same as previously described, but more facilities for the crew and equipment
can be provided.
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FOUR CORNER MODUL..R TRUSS CONCEPT

CREW SIZE/MODULE LENGTH-LWR COMPARTMENTS @},

*ERens $on MODULE #1 ~ MODULE #2 ALLGCATION
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4 crew of 6,

COMBINED HAB #1/42 PLAN VIEWS

Arrangeuent B1(6) depicts one module {42.0' cylinder lencth) housing all the facilities and equipment for .
The same concepts are utilized in locating all facilities above and below the deck,

section letters at each 21.0" increment depicts the cross cscction at that point. These cross sections are
shown on the fallowing two (2) pages. The two vestibule entry ways are requived in this arrangement to gain
access to the seven (7) compartments below the deck (each crew quarter length of 7.0 equals two (2) crew

quarter compartments). The HMF facility is accessible thru the exercise compartment. This is not an ideal
situation, but access from the other end is not possible.

The cross
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FOUR CORNER MDDULAu.\ TRUSS CONCEPT

COMBINED HAB #1/#2 PLAN VIEWS @‘

STATION

ARRANG |CREW
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FOUR CORNER MODULA.. TRUSS CONCEPT

COMBINED HAB #I|/#2 CROSS SECTIONS @’

UPPER SECTION ARRANGEMENTS SHOWN STATIoN

SECT C-C

SECT D-D SECT E-E

SECT G-G - SECT H-H SECT I-I SECT J-J

SECT L-L

SECT M-M SECT N-N SECT 0-0 IR&D

DRAWING 7951B-B3A-310



FOUR CORNER MODULAL. TRUSS CONCEPT
COMBINED HAB #I|/#2 CROSS SECTIONS

UPPER SECTION ARRANGEMENTS SHOWN

SECT P-P SECT Q-0 SECT R-R SECT S-S

SECT _U-u

@'.

GTATION

SECT v-Vv SECT W-W SECT X-X SECT Y-Y

BRAUMMAN LOWER SECTION ARRANGEMENTS SHOWN
DRAWING 791B-B3A-310

SECT Z-Z
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HABITAT FACILITY/EQUIPMENT VOLUME DATA LI1ST

The following ten (10) pages list all the facilities located in arrangement B1(6) - Hab #1 & #2 combined.
The column listed “SECT LTR* denctes in which cross section drawing the particular facility or stowage item is
located. The same modular concept was utilized for al) equipment located in the habitat. A}l modular units
are 19.0" wide x a depih and length/height dimension, The quartity and volume of each item is listed. All

facilities {except the operations control station) that were discussed previously have been accommodated in
this arrangement,
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HABITAT FACILITY/EQUIF*'ENT VOLUME DATA LIST

CONFIGURATION: _COMBINED HAB #1 B #2 -42°'CYL INDER SHEET Ng,_ -6
LAYOUT NO. 751B-B3A-310 DESIGN ENGR: GENE W. HARMS DATE :
FACILITY/EQUIPMENT | gy [UNLT DIMENSIONL) JLUMIT ) o [ TOTAL REMARKS
W 0 LH e F1y _I€ FT)
| -GALLEY/WARDROOM  [B-1 168.0 DESIGNED FOR CREW OF SIX
o TABLE D-G 84.0] 40.0 i | (40.0) |13.68 CF MIS STW LISTED ON PG 105
sOVERHEAD CANTEEN|D-G 60.0| 18.0 1 | €18.0) |CONTAINS ALL FLUIDS FOR CREW
«CONTER T0P UNIT[0-H | 30.0) ----Ti05.0] 15.2 | 2| (30.4) [LISTED ON PAGE 105 AS MIsC sTW vaL
oWINDOW . E.F.G : : 6 WINDOWS FOR GROUP VIEWING.ETC.
sGALLEY UNITS . X
-REFRIGERATOR B8 | 19.0| 40.0| 32.0] 14.07 | 2| 28.14 |FooD voL APPR 6 CF(2 UNITS FOR FAIL
-FREEZER c | 19.0] 40.0| 32.0]°14.07 | 2 | 28.14 |FOOD vOL APPR & CF(2 UNITS FOR FAIL
" -CONVECTOR OVEN I 19,0] 32.0| 14.4} 5,07 | 5.07
-MICRO WAVE OveN| I | 19.0] 32.0| 14.4] s5.07 | 1| s5.07
-AMBIENT FOOD #i} C | 19.0| 14.0] 10.0] 1.54 | 2 3.08 . |VOL PROVIDED FOR BULK VEG ON PAGE 9
-AMBIENT FooD #2| ¢ | 19.0] 24.0( 13.6] 3.59 | 2 7.18
-AMBIENT FooD #3| € | 19.0| 32.0| 14.4| 5.07 | 2| 10.14
~COMPACTOR 1 | 19.0f 40.0| 32.0] 14,07 | 2| 28.14 |TwO UNITS PROVIDED(FAILURE OF ONE)
~D1SHWASHER D | 19.0l 24.01 26.0] 6.86 | 1 6.86 |BELOW COUNTER TOP LOCATION
“HAND WASHER J | 19.0' 32.0' 1s.4] 5.07 | | 5.07 |LOCATED WAIST HIGH-NEAR TABLE
“WATER HEATER 8 | 19.0] 24.0| 13.6] 3.59 | 2 7.18 |ONE UNIT ONE EACH SIDE OF GALLEY
“CHILLER/REHYDR B 19.0| 32.0] 14.4 5.07 2 10.14 ONE UNIT NEAR EACH FREEZ/REFR PAIR
-HOUSE KP SuP #) 1 19.0} 14.0] 10.0 1.94 2 3.08
-HOUSE KP SuUR #2 I 19.0] 24.0] 13.6 .99 2 7.18
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HABITAT FACILITY/EQUIP™ENT VOLUME DATA LIST

CONFIGURATION: _ COMBINED HAB #1 & #2 -42 CYL INDER SHEET NQ, 9/
LAYOUT NO. _75iB-B3A-310 DESIGN ENGR; GENE W. HARMS DATE ;
FACILITY/EQUIPMENT ?Fﬁ; UNIT DIMENSTONG) H%{T arty TSECL REMARKS
W D L/H L FT) (CETY
| -GALLEY/WARDROOM
«GALLEY UNITS
-UTENS/APPL 8 | 19.0] 14.0{ 10.0] 1.54 2 3.08
~-TRASH STOW D | 19.0! 24.0! 26.0] 6.86 I 6.86 |UTILIZE COMPACTORS PROVIDED
-VEG BULK STW |G.H I9.91424.014?6.0 6.86 4 27.44 |LOCATED BELOW FOOD PREP COUNTERS
-GALLEY sTow + |E,F | 19.0) 24.0) 26.0| 6.86 4 27.44 |LOCATED BELOW FOOD PREP.COUNTERS
eFACILITY VOL SUM
-MODULAR UNITS 161 .45
-TABLE (40.0)
~CANTEEN (18.0)
-VEG BULK STOW 27.44
~-GALLEY STOW I I 27.44 )
-MISCELL STOW ! ! {44.08) |LISTED ON PG 105 AS MISC STOW VOL
-FREE VOLUME

-TOTAL VOL
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HABITAT FACILITY/EQUIPMENT VOLUME DATA LIST

CONFIGURATION: _COMBIN HAB #1 -42 CYLINDER SHEET NO, 94
LAYOUT NO. 751B-B3A-310 DESIGN ENGR: GENE W. HARMS DATE ;
FACILITY/EQUIPMENT | g Jouit DIMENSIONC M QNIT | ary| TORE- REMARKS
W D L/H i Fn (C.FT)
2-CREW QUARTERS Y
sDECK UNITS
-CREW STOW UNITS| ¥ | 19.0] 14.0} 19.0] 2.92 | 7 | 20.44 |UNITS RETURNED TO EARTH WITH CREW
~TV/PC COMP Y '9'0. |lt.0I 19,0 2.92 H 2.92 SINGLE UNIT-KEY BOARD NOT SHOWN
-OESK(FOQLDING) : : NOT SHOWN AT THIS TIME
«SIDE UNITS .
~CREW STOW UNITS| Y 19.0] 14.0]| 19.0 2.92 4 11.68 STACKED FROM FLOOR TO CEILING
-SLEEP BAG 20.0 2.0] 713.0 CAN BE REPOSITIONED OR STOWED
-BULLETIN BOARD NOT SHOWN AT THIS TIME
sFACILITY VvOL SUM
-MODULAR UNITS i 32.12
-MISC VOLS I | [ 2.92
-STR/MISC ' !
-FREE VOLUME i08.00
-TOTAL VOL 143,04 |TOTAL FOR EACH CREW QTR-6 SHOWN
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HABITAT FACILITY/EQUIF =NT VOLUME DATA LIST
CONFIGURATION: COMBINEQ HAB #!| & #2 -42°'CYL INDER

SHEET NQ, 99

LAYOUT NO. 751B-B3A-310 DESIGN ENGR; GENE W. HARMS DATE ;
FACILITY/EQUIPMENT | g bl DIMERSIONCT) JURIT | arv| TS0t REMARKS
W 0 L/H e FT) (C FI)
3-HEALTH MAINT FACIN V
eDECK UNITS
-MED MOD UNITS | v | 19.0| 14.0] 19.0] 2.92 | 16 | 46.72 |MODULAR UNITS-FLOOR TO CEILING
eSIDE UNITS ! l
-MED MOD.UNITS | Vv | 19.0, 14.0, 19.0] 2.92 | 8| 23.36 [MODULAR UNITS-FLOOR TO CEILING
MISC TTEMS |
-EXAM TABLE ' 20.0 | INCLUGED IN FREE VOLUME TOTAL
sFACILITY VOL SUM
-MODULAR UNITS | | 24 70.08
-MISC VOLS ! ' '
-STR/MISC
-FREE VOLUME 216.00
-TOTAL vOL 286.08
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HABITAT FACILITY/EQUIPMENT VOLUME DATA LIST

CONFILURATION: _ COMBINED HAB #1 & #2 -42 CYLINDER SHEET NO, | vQ
LAYOUT NO., 751B-B3A-310 DESIGN ENGR: GENE W. HARMS DATE :
FACILITY/EQUIPMENT | Taf |l SIMENSTONCTT LT | ary| TS0 REMARKS
W D LH (e Fry (C F1)
4-HEALTH EXER FACIL| W
sDECK UNITS
-M0oD SsTOWw UNITS | w | 19.0] 14.0] 19.0] 2.92 | (6)] (17.52) |LISTED ON PG 105 AS MISC STOWAGE
-TV/PC COMP w | 19.0! 14.0! 19.0] 2.92] 2 5.84
~SPEAKERS w | 19.0, 14.0, 19.0] 2.92| 2] 5.0
-BooK UNITS | | w | 19.0) 14.0) 19.0] 2.92 | 6| 17.82 ?
+SIDE UNITS
-MOD STOW UNITS 19.0| 14.0| 19.0] 2.92 | (8)| (23.36) |LISTED ON PG 105 AS MISC STOWAGE
eMISC ITEMS
-ERGOMETER 24.0| 36.0| 48.0 | | 24.00 |SHOWN AS FIXED EQUIP IN FREE VOLUME
- TREADMILL 24.0| 48.0| 60.0 1 | 40.00 |SHOWN AS FIXED EQUIP IN FREE VOLUME
sFACILITY VOL SUM
-MODULAR UNITS | I (14)| (40.88) |LISTED ON PG 105 AS MISC STOWAGE
-MISC VOLS ! ! 10 | 29.20
~EQUIPMENT (64.00)
-FREE VOLUME 216.00
-TOTAL VOL

245.20
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HABITAT FACILITY/EQUT"ENT VOLUME OATA LIST

CONFIGURATION COMBIN HAB #1 & #2 -42°'CYLINDER ' SHEET NQ, | O]
LAYOUT NO. 75I1B-B3A-310 DESIGN ENGR: GENE W. HARMS DATE:
FACILITY/EQUIPMENT |ty [oil DIMENSIONCZL: BT 4 ory| "oot- REMARKS

W D L/H 1 (c FT) (C_ET)

5-PERS HYGIENE FAC |0.R.S

*MODULAR UNITS

~GENERAL STOW Q 19.0] 19.0]| 14.0] 2.92 2 5,84

-HAND' WASH a I9.0‘ IA.O. 19.01 2.92 I 2.92

*SHOWER . R.S |34 (I): -‘--: 74.0] 32.0 1 ' 32.0 DOMED ON BOTH ENDS-20* WIDE DOOR
sMISCELLANEOUS

~WATER SUP TANK z 19.0] 34.0| ----] 10.9 | 10.9 APPROX 80 GALS OF WATER

~WATER COL TANK zZ i9,0| 34.0| «---].10,9 i 10.9 APPROX B0 GALS OF WATER

oFACILITY VOL SUM

-MODULAR UNITS 3 8.76
-MISC VOLS 1 I 2| 21.8 .
| ~SHOMER ' ! v | 32.0
-STR/MISC
-FREE VOLUME 28.0 (ROOM FOR ONE OCCUPANT ONLY}

-TOTAL. VOL 150.27 {HYG CMPT=128.47 CF,TANKS=21.8 CF)
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CONF TGURATION:

HABITAT FACILITY/EQUIP*‘SNT VOLUME DATA LIST
COMBINED HAB #i & #2 -42°CYLINDER

SHEET NO. | 02

LAYOUT NO._ 751B-B3A-310

DESIGN ENGR: GENE W. HARMS DATE :
FACILITY/EQUIPMENT | e [l DIMERSIONLTI I T | arv| "Soet REMARKS
W D L/H lin ET) (C FT)
6-WASTE COLLL FAC |O.R.S
oMODULAR UNITS
-GENERAL STOW o | 19.0] 19.0} 14.0] 2.92 | 2 5.84
-HAND WASH a | 19.0l 14.0! i9.0] 2.92 | 2.92
-GENERAL. STOW s | 19.0, 19.0, 1a.0] 2.92| 2| 5.8
-GENERAL STOW s | 19.0; 14.0f 19.0] 2.92 | 2.92
sMISCELLANEOUS
-URINE/FECAL COL| R | 19.0| ----| ----] 12.6 | (2.6 |FORMED FACTORED TO ZERO G OCCUPANTS
-FECAL coLL MoD | z | 19.0] 34.0| ----] 10.9 | 10.9  |REMOVABLE UNIT-RETURN TO EARTH
-URINE COLL MOD | Z | 19.0| 34.0] ----] 10.9 | 10.9  |CAN BE USED TO REPROCESS WATER
oFACILITY VOL SUM
-MODULAR UNITS 6 17.52
-URINE/FECAL COL I I ! 12.6
-MISC VOLS ' ! 2 | 21.82 |(TANKS BELOW DECK)
-STR/MISC
-FREE VOLUME 61.5 |(ROOM FOR TWO OCCUPANTS)
-TOTAL VOL 150,27 |{WC CMPT=128.47 CF ,TANKS=21.8 CF)
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HABITAT FACILITY/EQUIP“ENT VOLUME DATA LIST

CONF ILJRATION : COMBINED HAB #1 & #2 -4. CYLINDER SHEET NQ, [ 3.3
LAYOUT NO. 751B-B3A-310 DESIGN ENGR: GENE W. HARMS DATE :
FACILITY/EQUIPMENT S[_E‘[(‘:[;r UNIT OIMENSION(T) L{;l&_T aTty T(\J(aA_L REMARKS

: W D L/H | (c"Fry 1 (cFT1)

7-WORK STATIONS COMBINED WTH PAYLOAD OPS STA

*0PS CONTROL STA

-VERT DISP PNLS

-HORIZ CNTL PNLS

-MOD STOW UNIT

sPAYLOAD OPS STA [M.N.OJF i

-VERT DISP PNLS | M.N| 19.01 6.0| 30.0| 2.0 2 4,00 |ONE VIEWING WINDOW PROVIDED
-HORIZ CNTL PNLS] O.P| 19.0] 6.0| 30.0] 2.0 2 4.00
-MOD STOW UNIT M.NI 19.0] 24.0] 26.0| 6.86 2 13.72

*MTN/REPAIR STA |[M.N.OP

-VERT DISP PNLS | M,N} 19.0] 6.0] 30.0} 2.0 2 4.00 |ONE VIEWING WINDOW PROVIDED

~HORTZ CNTL PNLS Sl EEETY EETERY EEE

-WORK BENCH 0.,P| 30.0| ----]| 40.0| 5.7 | 5.70

-MOD STOW UNIT M.N| 19.0] 24.0| 26.0] 6.86 | 2 13.72

sFACILITY VOL SUM

~-MODULAR UNITS 4 27.44

-MISC VOLS 7 17.70

~TOVAL VoL
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HABITAT FACILITY/EQUIF*ENT VOLUME DATA LIST

CONFIGURATION.__ COMBINED HAB #1 & #2 -42°CYLINDER SHEET NQ. lud
LAYOUT NO_ 751B-B3A-310 DESIGN ENGR: GENE W. HARMS DATE :
FACILITY/EQUIPMENT | Sop [l DIMENSTONCT L T ) ory| ToaE- REMARKS
W D LRI (C FT)

8-EQUIPMENT

«ECLSS MODULAR REMOVABLE/REPLACEABLE UNITS

-MOD UNIT #i A 40.0| 40.0f ---- 50.0 2 100,0

-MOD UNIT #2 A 40.0l 40.0. -——- 59.0. 2 118.0

-MOD UNIT #3 A | 40.0, 40.0, ----| 59.0| 2| 118.0

-SUB TOTAL( | | (61}(336.0)

oDATA MGMT Y.U MODULAR RACK MOUNTED UNITS

-MOD UNIT #1 T.Uu | 19.0] 14.0] 10.0] 1.54] 4| 6.16

-MoD WNIT #2  |T.u | 19.0] 24.0] 13.6] 3.89] & | 14.36

-MOD UNIT #3  |T.u | 19.0] 32.0] 14.4] 6.07] 4 | 20.28

-MOD UNIT #4  |T.u | 19.0| 40.0] 32.0] 14.07] & | s6.28

-SUB TOTAL( ) (16)] (97.08)

+COMM/ TRACK ING L MODULAR RACK MOUNTED UNITS

-MOD UNIT #) L 19.0] 14.0] 10.0 .54 t 1.54

-MOD UNIT #2 L | 19.0l 24.0l 13.6] 3.89] | 3.59

-MOD UNIT #3 L | 19.0' 32.0" 14.4] 5.07| | 5.07

-MOD UNIT #4 L 19.0]| 40.0] 32.0 14.07 | 14.07

-SUB TOTAL( | (41| (24.27)

-TOTAL vOL.
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HABITAT FACILITY/EQUIPMENT VOLUME DATA LIST
CONFILJURATION: _COMBINED HAB #1 & #2 -4« CYL INDER

SHEET NQ. 1 OB

LAYOUT NO. 751B-B3A-310 DESIGN ENGR: GENE W._ HARMS DATE :
FACILITY/EQUIPMENT | g il DIVERSIONC L OMIT | orv| o™ REMARKS
W D L/H (e ET) (C FT)
9-MISCELLANEQUS
«CLOTHES WASHER | o | 19.0| 40.0| 32.0] 14.07] 14.07 |FRONT LOADED UNIT
+CLOTHES DRIER. J | 19.0| 40.0! 32.0] 14.07] 1 14.07 |FRONT LOADED UNIT
«OXYGEN MASKS J | 19.0! 14.0! 10.0] 1.54] 2 3.08
*OXYGEN MASKS J | 19.0 24.0: 13.6] 3.59] 2 7.18
CREW RESTRAINTS '
«EQUIP RESTRAINTS
»SAFE HAVEN M0DS | X | 19.0] 34.0] ~---] 10.9 | 4 | 43.6 [SHOWN AS 4 REMOVEABLE MODULAR UNITS
«SPARES MOD STOW |k.L | 19.0| 14.0] 10.0] 1.54] 3 4.62
«SPARES MOD STOW |K.L | 19.0| 24.0| 13.6] 3.59] 3| 10.77
*SPARES MOD STOW [K.L | 19.0| 32.0| 14.4] 5.07| 3| 15.21
«sPARES MOD STaw |K.L | 19.0] 40.0| 32.0| 14.07] 3| az.2i
+SPARES MOD STOW |0.P | 19.0| 24.0] 26.0] 6.86] 4 | 27.44
(SPARES SUB TOTAL {100.25)
sMISC STOWAGE I
~COUNT TOP CABHT |D-H ‘ 15.2 2 | 30.4 |VOL IN GALLEY COUNTER TOP CABINETS
-TABLE BASE STR 19.0| 16.0| 13.0] =2.28] & | 13.68 |vOL IN BASE STRUCT OF TABLE
-HEALTH EXER ANEA 19.0] 14.0] 19.0] 2.92] 14 | 40.88 |THESE MODS IN HEALTH EXERCISE FACIL
(MISCL SUB TOTAL) (84.86)
-TOTAL VOL
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HABITAT FACILITY/EQUIFPMENT VOLUME DATA LIST

CONFIGURATION: _ COMBINED HAB #1 & #2 -4z CYLINDER SHEET NO. | U6
LAYOUT NO. 75(1B-B3A-310 DESIGN ENGR: GENE W. HARMS DATE :
FACILITY/EQUIPMENT SEFRT UNIT OIMENSION{®) t‘{'l\loll_-r QTty ng‘_AL REMARKS
W D L/H 1~ F1) CELL_
9-MISCELL {(CONTD) '
*UTILITIES RUN 4 SECTORS PROVIDED IN CROSS SECTION
o IGHTING NOT SHOWN
A\l 1
, S
| [
i 1

-TOTAL VOL
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HABLTAT CQUIPMENT AND VOLUME DATA SUMMARY SHEET

The values listed on the previous ten (10) pages have been summarized and listed on this table.

The NASA

reference baseline values are also listed.for comparison purposes. In general all volumes have been et or

exceeded,
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HABITAT EQUIPMENT AND Vv UME DATA SUMMARY SHEET

CONFIGURATION:

COMBINED HAB_#1 & #2 -4 CYLINDER

LAYOUT NO. _751B-B3A-310

DESIGN ENGR; GENE_W. HARMS

SHEET NQ, 1)/
DATE :

- NASA BASELLINE COMBINED HABITAT
FACILITY/EQUIPMENT [——r AB8s TOTAL VoL [CU.FT) REMARKS A
| ~-WARDROOM/GALLEY
sRACK MTD EQUIP 108.0 | ----- 161.45 REDUNDANCY OF FACILITIES PROVIDED + 53.45
BULK VEG STOW mz.3 | ----- 27.44 REMAINDER OF BULK S5TW IN LOG MOD @ |  ~=~===
sGALLEY STOW 20.0 | =----- 27.44 + 7.44
2-CREW QUARTERS | ----- 150.0 210.24 TOTALS FOR 6 CREW OUARTERS + 60.24
S-HEALTH MAINT FACI Bs.0 | ----- 70.08 - 17.92
4-HEALTH EXER FACIL 64.0 | ~---- 93.20 NASA UNITS FOLD-UP.THESE ARE FIXED + 29.20
5-PERS HYGEINE FACIY 7.0 7.0 30.566 INCLUDES 21.8 CF OF WATER TANKS + 16,66
6-WASTE COLLEC FACILU 7.0 7.0 39.32 INCLUDES 21.8 CF OF COLL TANKS + 25,32
7-WORK STATIONS 20.0 125.0 45,14 COMBINED WORX STAS & STOW - 99.86
8-EQUIPMENT
s£CLSS 331.0 331.0 336.00 SHOWN AS MODUL AR REMOVEABLE UNITS + 5.00
sDATA MGMT 24.0 73.0 97.08 BASELINE EQUIP TOTALS COMBINED + 0.08
sCOMM/TRACKING 8.0 24.0 24.27 BASELINE EQUIP TOTALS COMBINED - 7.713
*POWER/ THERMAL 96.0 96.0
9-MISCELLANEQUS - 8.60
oWASH/DRIER/MASKS 8.0 47.0 38.40
aSAFE HAVEN 50.0 50.0 43.60
sEQUIP RESTRAINTS 6.0 6.0 | W =------ NOT CALCULATED
sSPARES 100.0 100.0 100.25 USE 100 CF AS REQMT FOR SPARES + 0.25
sMISCELL STOW 90.0 90.0 84.96 USE 90 CF AS REQMT FOR MISC STw - 5.04
sUTILITIES 73.0 73.0 327.60 WPal,#2 UTILITIES IN 4 CORNER TRUSSES + 254.6
oL IGHTING 19.0 19.0 | = ------ NOT CALCULATED
{(TOTALS) 1236.3 1208.0 1757.03




